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Abstract

The influence of English as a lingua franca of science continues to spread within the
international disciplinary community and the role of translation is therefore becoming
increasingly significant in the dissemination of scientific knowledge. It is undeniable that
Japan is a major player within the scientific community, particularly in terms of diabetes
research. However, Japanese to English translation of scientific research articles still poses
various difficulties due to conflicting norms and styles. In this thesis, the translation of three
scientific articles in the field of diabetes research are critically analysed in order to explore
common translational difficulties and provide translation strategies for localising a Japanese
scientific research article. In translating these articles | identified two major translational
issues. The first issue relates to differences in textual organisation. Swale’s IMRD structure
was applied in order to reorganise the target texts to Anglophone norms, Swale’s CARS model
was applied to improve the delineation of the research objectives and an Abstract was
created. The second issue identified was the differences in terms of adherence to adequacy
and acceptability conditions which could have influence on the research claims of the target
texts. In order to address adequacy conditions, thematic connections were analysed, then
unclear referents were specified and context frames and explicit anaphoric reference were
added. In order to address acceptability conditions, strategic textual omissions were explored
and hedging strategies between the source text and target text were compared and adapted.
The aforementioned findings recorded within this thesis provide insight into possible issues

and strategies for the translation of scientific research articles from Japanese into English.
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Translation Section

Source Texts

Text 1

Yamamoto, Hiroshi (2014) ‘¥ bR & BFAE O Bkl « iRE « Tafiic B 4 2 FEnur e
[Fundamental Research on the Causes, Pathology and Subjugation of Diabetes Complications], ##/&

J#% [Diabetes] 57(10): 765-711.
Text 2

Ishihara, Hisamitsu (2009) ‘2 AUBE /R IFGFEIE I 3317 2 I b MifakE R D 43 1-H§H8 [The molecular
mechanism of pancreatic beta cell damage in the pathogenesis of Type 2 diabetes], #/K /4
[Diabetes] 52(11): 884-866.

Text 3

Watada, Hirotaka (2009) ‘J& b 4l ffa 75 5 54 B A% 1 B & 2 W 9T [The Clinical Application of the
Mechanism for Regulating Beta Cell Mass in the Treatment of Type 2 Diabetes], ##/£ /% [Diabetes]
52(11): 881-883.

Author’s Note

The translation is presented in a facing page format, as stipulated by the Guidelines for MATIS/MACINT
Dissertations. However, as restructuring forms a major component of the analysis undertaken there
are a number of Appendices for reference. There is a bilingual table of source text and target text
before restructuring in Appendix A, target texts with numbered sentences in the structure of the
source text available in Appendix B and target texts which have been restructured but still have

original sentence numbers included in Appendix C.
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Source Text 1, Page 1

2 BERFESOHEORRE- e RERICEAT2ERNHR
3 TRy
4 FUBHIC

5 AEICEE SNz Hagedorn DBRICKEUSTELEOR , ARFE=SFBNAEENLEIR

)]

HRNEE "BUENMEBRAEE, 1) ZEBVLELETH L AEHEER , REAEE

~

ZRUTAEE , DHAERRFAEOES THFET ", RE, ORBELLTEHMSNS .

TE{LBHMBAEL, T’ (- SREOMKRERVTARICAOERC, MEEERETES

0o

9 JAIZE & L T Hagedorn-Jensen ENBNAEhTWS .

10 G BEAARXTEDO T THRBEMRICEFL , ELERENREZS LUBIEORILRFRK

o

11 RICKE , EELTES TN ABEOD FEYENRRICRVBAL . 7OFH LA
RLTRNINIUNFESOTFILNAED DNA #HZYHTDENDHKERE 2 ) ¥, Mo-

13 lecularbiologyoftheisletsofLangerhans” 3 ) O#REEICED o 1= .

14 MEEYFHRELD S BRBEGHEREA

15 1990 FE&RAF#ER K MEEYMZF(CEYEA , MEBREREOHRFEERERIL T,
16 BARMBEAAEMBOBHEEZNEL , 7OARYSA V)V ELREZRBET I EEEIC, BB
17 {LIEEICKR D NEMREEEZHIETDCEZHSHICLES ) . ChickY) | BERFEREE

18 TRAEYRARMREEBXCH D TOEREN BCINO—RHIBRAETNDILSIIB 2.
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Target Text 1, Page 1

Winner of the Hagedorn Prize: Hiroshi Yamamoto

Fundamental Research on the Causes, Pathology and Subjugation of Diabetes

Complications
Abstract

The decline in B cell mass and vascular complications associated with Type 2 diabetes is well
established. Although no viable therapies are currently available, a primary factor associated
with these changes, the AGE-RAGE pathway, has become a promising therapeutic target. In
this paper we use transgenic mice that overexpress or lack the RAGE gene to investigate the
relationship between the AGE-RAGE interaction and diabetic complications. We explore two
potential therapies through the creation of a decoy RAGE protein and a RAGE antagonist. Our
results show a definite relationship between the AGE-RAGE interaction and diabetic
complications with RAGE contributing to the apoptotic-induced reduction in B cell mass and
impaired glucose tolerance associated with Type 2 diabetes. In identifying a potential therapy,
we successfully promoted the solubilisation of membrane-bound RAGE by increasing cAMP
concentration. We also successfully identified potential RAGE antagonists in the form of low-
molecular weight RAGE, using this information to assess the agonist/antagonist activity of
AGE-derived food products. The results presented in this paper highlights the viability of using
the AGE-RAGE interaction as a therapeutic target to develop a potential therapy to treat Type

2 diabetes and its complications.

1. Introduction

In the 1990s, the co-cultivation of constituent vascular cell types was established within
vascular biology. Using this technique, it was found that pericytes inhibit the proliferation of
endothelial cells, while preserving the production of prostacyclin and preventing endothelial
cell damage by lipid peroxidess. This discovery gave an insight into why neovascularization

and pericyte loss are observed simultaneously in cases of diabetic retinopathy. However,

13



10

11

12

13

14

15

16

17

18

19

20

UID: 7555155

Source Text 1, Page 2

T, BRFERETEENEMRICHHNEZENERT primary OEZRBAA 2 COEWIC
ZADS , ARMARPARMEROMEZEERZAV  E1ORRERNZRRLLER , BE
E h/zFF7A" advancedglyca-tionendproducts ( AT , AGE ) TH>7/5, 6 ( ) Fig.1) .
AGE & , EOAWNARZIIEELEAOT I/ EENFBENICRISTIHER , FAENICK
BMENDENOHRHTSHS . AGE DK , ERFEEN TS MBRETIEN ICETTS .
TROUBRENERBDFTHSH , BILEVSEOAEZE D . KERKFOEHF—H%
EE T BEHBYANOEILORBETERO T RUBEENES L TRALBHEHBRROBA Z
BREEZICE2LON , TETERERBOEGHIHRTZIE2 AT THY |, BERHEFED

NICEHHERBROV AV EZB S LREBBOTRALBSH) £RBEIATVDT7 ) .

AGE-RAGE B EERRESHHEN —RE-RETFHEBWZ AV =§EH

AGE OmMEMRERADD B EE - , FEZAME receptorforAGE ( LA , RAGE ) %
9% .RAGE & , NE2—2REZRELCsEE I, CRETEBHBRKBEED F/NE—2
pathogen-associatedmolecularpattern ( PAMP ) X £ E B E 2 ¥ /V X — > damage-

associatedmolecularpattern ( DAMP ) 2 /> RE& LU TER#ET S (Fig2A) .

HEQWABEARES S , 9 ) &, MEMPT RAGE ZBREICHR TSRSV AT TS
YUIIR, WiEHK RAGE BEFEXBLLEYIAEZERL  BRKEBRL T, AHE

EEMLE . 92& , RAGEBRIRBENVAGKERFEIES ) SLTHEIRE1 0 ) EEDE

EBZTL (Fig.2BandC ) , 15 , RAGE RENVARERFEBEZREL BN 2129 ()
Fig2D) . A LRI , BERBEHEDRIEIC AGE & RAGE O EER AR (B
2TWBEZERTY.
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Target Text 1, Page 2

the primary factor that induces the characteristic changes observed in every type of vascular
cell in those with diabetes had not been identified. In order to determine this instigator, an
axenic culture of endothelial cells and pericytes was used to test the effect of a variety of
environmental factors. This investigation identified the primary factor as advanced glycation

end products (AGE)s . (Figure 1)

AGE is the term used to describe the product formed following an irreversible non-enzymatic
reaction between the carbonyl group on a sugar and the amino group on a protein impairing
its functionality. Glucose, despite being an efficacious source of respiratory derived energy,
still has the issue of glycation. Accordingly, the process of AGE formation and accumulation is
accelerated by a chronic hyperglycaemic state. As diabetes is characterised by a
hyperglycaemic state, it has been noted that it would not surprising to find that AGE

formation is associated with diabetes and is an evitable complication of the diseasey.

It is thought that a degree of AGE derived complications associated with vascular cells is
caused by interaction with the specific receptor for AGE (RAGE). RAGE is classified as a pattern
recognition receptor which is recognised as a ligand by various pathogen-associated
molecular patterns (PAMP) and damage- associated molecular patterns (DAMP) (Figure 2a).
The AGE-RAGE interaction is considered to be a potential contributor to the established cell
dysfunction in pancreatic B cells within the islets of Langerhans and the decline in B cell mass
which accompanies the progression of Type 2 diabetes. Thus firstly, this paper seeks to further
clarify the relationship between AGE-RAGE, decline in beta cell mass and consequent diabetes

complications.

Despite the hypothesis that AGE-RAGE interaction is a potential therapeutic target in the
treatment of Type 2 diabetes, there have been no viable therapies developed as of yet. It is
proposed that the first theoretically conceivable strategy is to inhibit the formation of AGE.
Interestingly, it has been reported that angiotensin receptor blocker (ARB) has AGE inhibiting
activityis. However, the mechanism of action for the majority of currently developed AGE
inhibitors is to target the covalent bonds of intermediate compounds generated during AGE
formation. These intermediate compounds require therapeutic concentrations close to an

equimolar which results in stoichiometric issues. Another option that has been explored is

15
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Source Text 1, Page 3
b  RAGE E1zT D=5

HEQD Tanaka 51 1) &, £ N RAGE BETOEER HMBEANL . TOR/R
AGE B ENEERF nu- clear factor-k B ( NF-x B ) Z5&M{t L T RAGE Bz F N&EE%
EMILTD , EWS positive BT 14— RNY YOABENRWHE R (Fig.3) . Ch
», BRFR BTROS B RN T L constitutive 7% RAGE F3 X° AGE-RAGE #£/BE®D
TTHNEBEEZI SN . RAGE BROSHRBEITFIEROPTERERKETRE £<IC

NF-k B ZNI2RENEELEASND .
AGE-RAGE I3 B #IaR2ICH b 2

2 BEBEERBOETICH#VEZVTILNCAE B Ml OBETEY pHiREOEDAE
CHIENESh TWD . COBRRKIC AGE-RAGE AFEAZLTLAWVAS ESHANEED
Han 512 ) it&>THANShE . $2 &, BABC L, E¥s pERTEHERER
I RAGE BERRHREEhAEN 2. E2BH, 2 BERE TEFLBWTH D obfob IV A
X dbfdb YIATREI #IZME> TH pAIRED RAGE BEABMRNEAL 1. 22T,
dbfdb X JAE RAGE XIEVVAZXE c¥3 &, BRBOETICHS MEEREC TR
h— SRICELD BHBROBMOIREENDENBEL HEnt (Fig. 4) . 512,
MIN-6 #Hf2 & A W\ 1= 847 T |, IERHARR R E L 7 F U RABRT VRAIZA MO’ BIC KV
fakE RAGE EHRBRNFE S AGE BEICIDMHRENS € > CEBEICBDIENE
Behiz . LEOHERAS 2 BBRBICHSE P HIETE OXHZXLEL THRREE
& hTZE 2 lipotoxicity & glucotoxicity DEAED D& < &€ —EPIF BEBAER B & AGE IC&

DTEDATVREDEEA SN (Fig. 4) .
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Target Text 1, Page 3

the development of a drug to break down already formed AGE. This type of drug belongs to
a category of drugs called AGE breakers. However, an AGE breaker which is sufficiently

efficacious at breaking down AGE is yet to be developed.

Two promising forms of targeting the AGE-RAGE interaction are firstly, the addition of an
extracellular decoy receptor for AGE that protects the vascular cells and secondly the

invention of a RAGE antagonist.

The current paper will firstly, further analyse and investigate the role of the AGE-RAGE
interaction and its associated pathways in the decline of beta cell mass and the appearance
of diabetes complications. Secondly, this paper will investigate and critically analyse the
potential of proposed therapeutic targets for disrupting the AGE-RAGE interaction including

decoy RAGE targets and RAGE antagonists.
2. Method

2.1

Transgenic mice that over-expressed RAGE within their vascular cells and mice that
endogenously lacked the RAGE gene were created in order to investigate the relationship
between AGE-RAGE and diabetic complications. Diabetes was then induced within the mice
and the resulting complications analysed. Next, the transcriptional regulatory mechanism for

the human RAGE gene was investigatedi.

Following the investigation of the transcriptional regulatory mechanism for the human RAGE
gene, an investigation was carried out to find out whether there is a connection between the
AGE-RAGE interaction and Type 2 diabetes pathogenesis. The cell surface of normal
pancreatic B cells were analysed in animal models of type 2 diabetic mice including ob/ob
mice and db/db mice for RAGE proteins. An age variable was also introduced. The db/db RAGE
deficient mice were then crossbred. Non-esterified fatty acids and leptin receptor antagonists
were then administered to MIN-6 cells, causing them to induce the expression of RAGE
proteins on the cells’ surface. This was followed by a study into the relation of RAGE to other

pathologies using a subacute inflammation mechanism.

17
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Source Text 1, Page 4
1 RAGE BT 2 T DD iHAE

2 RIEARZARBABES 13, 14 ) EORFEWET, RAGE #', BERMREEFILTL
3 EEEBITICEDH S ZEX , phosphatidylserine Z4FEHICEREBL TR —2 A HlZOE
4 RICEDBZENRVWHEhE T, @RRELCSFHAEBIHARICKY , PEOCMRB
5 1-42 R7 FROKPANDOBITHY RAGE RIEXHRART S ARE RAGE EHNBRRXETEH

6 BICHFIENBDENRA SHICENET15) .
7 AGE-RAGE &#—%7' vy 7127

8 LLEMRANXNTELHMEANS , AGE-RAGE RBERFE TOEMESITEFEE NREDAEE
9 MIRMEER ohd  EHRLEEZSDEHL AGE-RAGE EWEZEN St FHB%E Table 1

10 [CRT .

11 —I& , AGE KR DOBEETHS . ', CNETHE EhTE L AGE EREEFHOZL I
12 AGE R ANDOHERSEZERABBLELTSHY |, FEEICHL TEEILIEVEA %24
13 BEETHEVSILEERNEB AN » 5 . B K RV & IZ, angiotensin receptor blocker

14 (ARB) /" AGE EBMBEEFEMZEDCENHEEThTVD 16 ) .

15 Bk, ITICERENE AGE 220 T2EYT $% . CcOATIAV—ICETIEYE
16 AGE breaker EKklEND . A, KEHE KL AGE 29 TE S breaker OEFIZEE-
17 TLWEL .

18 A[AHE RAGE

19 B=lF , AGE ZHIRRATHELNEMRZREITS FAI/ZBETHS (Fig.5) . HE

20 @ Yonekura (BE&RERAZ#E )5 17 )ik, e hOBMEBAYY—LORA 1) —=
21 VI TANEFTFAT RNAARTSAI VY LK ERENDFIA RAGE EH.EREE

22 L , esRAGE ( endogenous secretory RAGE ) &#% L 7= . Motoyoshi 5 18 ) & | #H
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Target Text 1, Page 4

2.2

Next ways of targeting the AGE-RAGE interaction were investigated. The first therapeutic
target investigated was the invention of a decoy RAGE protein. A decoy RAGE protein was
identified and named endogenous secretory RAGE (esRAGE) by screening human vascular cell
polysomes. It was then formed through alternative RNA splicing17. Next, the feasibility of
creating soluble RAGE was investigated. This was achieved through MM9 induced ectodomain
shedding by increasing the concentration of intracellular cyclic AMP1s. This process induced

membrane-bound RAGE proteins to convert into soluble RAGE proteins

The next option explored was the invention of a RAGE antagonist. Analysis of fluorescence
resonance energy transfer (FRET) was carried out using RAGE antibodies, whilst undergoing
ligand stimulation. Then a pharmacological assessment was carried out in which low-
molecular weight AGE of a maximum molecular weight of 300 was prepared and investigated
for signs of antagonist activityis. Following this analysis, using the three-dimensional structure
of the human RAGE protein established in earlier researchyo, low-molecular weight
compounds were screened in silico by their structural information. A pharmacological
assessment ensued in order to identify potential agents. Finally, an assessment of RAGE as an
agonist/antagonist was carried out using the aforementioned screening method. Soy sauce,

coffee, red wine and cola were used within this assessment.

3. Results

3.1

Analysis of the transgenic mice for diabetic complications revealed that both the indexes for
diabetic nephropathys and diabetic retinopathyio increased in species that overexpress RAGE
(Figure 2B and 2C), whilst RAGE deficient mice did not develop any symptoms (Figure 2D).
These results indicate that there is a functional interaction between the pathogenesis of

diabetes complications and the AGE- RAGE interaction.

Investigations into the transcriptional regulatory mechanism of the human RAGE gene

showed that AGE activates the transcription factor nuclear factor- x B (NF-x B) as well as

19
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1 HBARYAOUY 9 AMPBEN LHETDE MMPO KBTI UVRNRAXAVTTFa Y

2 IC&kY) | RESE RAGE EEHNM S HAE RAGE & ANOEBATEEThB e R®RLE .

3 RAGE 7 ARIAZA M DR E R AGE O

4 EME RAGET7VAIAZARNDOEXTH S . RAGE Hi4E% B\ = fluorescence

5 resonance energy transfer

10
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(FRET ) ##r&Z175 & , U2 REIEEIE T RAGE monomer IZHRTDEEASNSD
HAOREFEL €7, FVIN—CHRTZEEZSNBDHAOBENEAL L . #lE
RICEBZEDTIZATA Y U5 )AY RIE RAGE RBEGZAVIN—LIBENL
EZAS5ND . ZIT,0FE 300 BEDEKDFAGE ZRRL , EFEFNEFTMETo 12
&P, K29 F AGE B RAGE ICHL TPV ROdZANERERT ENFRVWHE A1

9) .

KRRARZNIMBRBEHRO T I —TEOHRBEME T, EN RAGEEHD =X TEEZR
ELE20) . 8BE BRICAIML LED FILEYD in silico RVU—_> J& |, D&

DEEZNZFMMICK VY , RAGE HivE M2 RIBEVRBWEERTSNIL .

HPENRRIIAGEICE® , &, FY , KEEDOE %KD —IBik AGE ICHXKTS . EHL
ERRICEEN % AGE O 10 %A BRI ICENE h |, 48 BREIEIC & 70 %A ERIC
BE%21) BREXTREIER, BRTO AGE 2HERIDEA AN XENTH > 127,
Bm AGE OEEMENERIC OV TR BEERIEOMBE N"HBDEEZS5ND . Munesue
519 )k RAGE 7OAZX AfFPYERAZXL0BEANSEHR, I—k&— , K74 >,
O—-Z2EFNELLHEET . TOR/R, 8h, I—k— , FIOIVREDF
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promoting the transcription of the RAGE gene, establishing a positive feedback loop. This
research forms the molecular basis for the apparent constitutive RAGE expression and AGE-
RAGE colocalization in the observed diabetic state. The NF-k B intermediary pathway is
considered to be particularly important in regard to diabetes among the numerous RAGE-

flanking signalling pathways.

In analysing the connection between AGE-RAGE and the aforementioned aspects of Type 2
diabetes pathogenesis, the surprising discovery was that the RAGE protein was not detected
on the cell surface of normal B cells 1. However, in animal models of type 2 diabetic mice, the
ratio of RAGE protein positive pancreatic B cells within ob/ob mice and db/db mice was
observed and increased with age. It was discovered that when the db/db RAGE deficient mice
were crossbred, the apoptosis induced reduction in B cell mass and impaired glucose

tolerance associated with diabetes improved (Figure 4).

However, the most remarkable observation was cell death due to AGE exposure. In this
analysis, free fatty acids and leptin receptor antagonists were administered to MIN-6 cells
which caused the MIN-6 cells to induce the expression of RAGE proteins on the cells’ surface,

and promoted cell death when exposed to AGE.

There were various discoveries concerning RAGE and its relationship to the epithelial-
mesenchymal transition using a subacute inflammation modeli3 14, in addition to discoveries
concerning RAGE specifically recognising phosphatidylserine and its involvement in the
phagocytosis of apoptotic cells. Moreover, interdisciplinary research demonstrated that both
RAGE deficiency and soluble RAGE overexpression significantly suppresses the uptake of

amyloid B 1-42 peptide into the brainis.

This supports the hypothesis that AGE-RAGE can be considered as a possible target for
treatment of all kinds of human diseases including diabetes and the complications associated

with diabetes.
3.2

Initial efforts to identify potential AGE-RAGE therapeutic treatments focused on establishing

a decoy RAGE protein. An endogenous secretory RAGE (esRAGE) was created by screening
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the polysomes for human vascular cells and splicing it with alternative RNA. It demonstrated
that it is possible to cause membrane-bound RAGE proteins to become soluble through
ectodomain shedding by MMP9 when the concentration of intracellular cyclic AMP is

increased.

The second method investigated was the invention of a RAGE antagonist. Analysis of
fluorescence resonance energy transfer (FRET) was carried out using RAGE antibodies. There
was no change in fluorescence intensity originating from what is believed to be a RAGE
monomer. However, at the same approximate time of ligand stimulation, the fluorescence
intensity, which is believed to originate from an oligomer, increased. It is thought that the
intracellular signals sent from agonist ligands make the RAGE receptors oligimerize. So, when
a subsequent pharmacological assessment was carried out in which low-molecular weight
AGE of a maximum molecular weight of 300 was prepared, it was discovered that low-
molecular weight AGE showed signs of RAGE antagonist activityis. Next, the three-
dimensional structure of the human RAGE protein, established in earlier collaborative
research, was used in order to screen low-molecular weight compounds in silico based on
their structural informationze. Through subsequent pharmacological assessment, several

potential agents which showed RAGE antagonist activity were obtained.

Finally, using the previous research as a basis, an assessment of RAGE as an
agonist/antagonist was carried out. It was found that soy sauce, coffee and red wine
neutralised the RAGE agonist activity of the high molecular weight AGE and that it was low-

molecular weight fractions that reversed the activity into becoming that of a RAGE antagonist.

4, Discussion
4.1

Our investigations found that the ratio of RAGE protein positive pancreatic B cells within
ob/ob mice and db/db mice increased with age. Moreover we found that when the db/db

RAGE deficient mice were crossbred, the apoptosis induced reduction in B cell mass and
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impaired glucose tolerance that is associated with advancement of diabetes showed signs of

improvement (Figure 4).

The above results are in line with prevailing theories on the mechanism behind pancreatic
cell deficiency which is associated with Type 2 diabetes. These theories postulate that free
fatty acids and AGE at least play a part in the lipotoxicity and glucotoxicity contributing to the
mechanism of B cell deficiency. Thus our results also support the targeting of AGE-RAGE in

order to treat type 2 diabetes.
4.2

The interaction between RAGE and its ligands, including AGE, is now considered to be one of
the causes of diabetic angiopathy and B cell failure in diabetes. Accordingly they are

considered to be the primary, secondary and tertiary targets for prevention of these disorders.

In our study, several potential agents which showed RAGE antagonist activity were obtained.
This could represent an important step in the development of an AGE-RAGE therapeutic

target.

Conventionally, the dominant view has been that food derived AGE is regarded as harmful to
health. The taste of varieties of food products which are rich in AGE partially originates from
AGE itself. This includes the colour, aroma and flavour of AGE rich food. Of the intake of food
derived AGE, approximately 10% is absorbed into the blood stream. Yet after 48 hours, 70%
of the AGE consumed remains within the bodyz:. Thus, it is also thought that further
investigation into the biological effects of AGE in food products is required before the

development of a RAGE antagonist.

However, to conclude, there is great reason to hope that the development of a RAGE
antagonist drug or a method of inducing the production of a decoy variant of the RAGE protein
will soon become a reality. These developments could mean the elimination of diabetes

complications in the near future.
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The molecular mechanism of pancreatic beta cell damage in the pathogenesis of Type 2
diabetes
Abstract
Type 2 diabetes is a complex disease caused by impaired insulin secretion by the pancreatic

beta cells and complicated by insulin resistance in the skeletal muscle, adipose tissue and liver.
There has been mounting academic interest into insulin resistance. However, there is still not
a comprehensive view of the mechanism of insulin secretion in response to glucose, or the
mechanism of beta cell apoptosis and its association with endoplasmic stress. We analysed
the insulin secretion response upon the introduction of different genes using genetically
engineered MING6 cells. Wfs1 disrupted mice were analysed and crossbred to investigate the
beta cell stress response. We found that the forced expression of necessary transporter
proteins resulted in insulin secretion in response to nutrients other than glucose. Pyruvic acid
was also found to be intertwined within the explanation of the mechanism of insulin secretion
and its glucose specificity. We found that expression of elF4E-binding protein 1: 4e-bpl
increased under endoplasmic reticulum stress-induced apoptosis and a lack of 4e-bp1 caused
advancing beta cell damage and worsened glucose intolerance. This indicated that 4e-bpl is
beneficial to long-term survival of beta cells, as it regulates protein synthesis in beta cells
under endoplasmic reticulum stress. Our research provides new perspectives on the
mechanisms of insulin secretion and cell death in beta cells and how these factors contribute

to diabetes pathogenesis, thereby offering potential new therapeutic targets.
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1. Introduction
1.1

Type 2 diabetes is a complex disease in which insulin secretion from the pancreatic beta cells
is impaired. It is complicated by insulin resistance in the skeletal muscle, adipose tissue and
liver which results in the pathogenesis and progression of the disease. Since the 1990s there
has been mounting academic interest into insulin resistance. In order to research insulin
resistance islets of Langerhans need to be isolated. However the process of isolating the islets
of Langerhans or pancreatic beta cells is extremely complicated. A lack of these resources in
large quantities can become a major stumbling block for the progression of diabetic research.
Fortunately, in 1990 the MING6 cell, which is still currently used globally and considered the
most typical insulin-secreting cell line, was created. This solved the issue of obtaining sources

of research materials for investigation into beta cell function and insulin resistance.

It has been noted that at the stage of initial pathogenesis of Type 2 diabetes, or at the stage
of impaired glucose tolerance, there is frequent latent excessive response to insulin secretion.
This has meant that it is not possible to observe the absolute amount of beta cell decline.
Thus, since the first half of the 1990s, there has been a shift in research interest. The prevailing
view became to make the research target the abnormalities in the mechanism for recognising
glucose concentration, rather than researching the decline in amount of beta cells which

results in abnormalities.

Despite this shift in research interest, there is still not a comprehensive view of the
mechanism of insulin secretion in response to glucose. The present study seeks not only to
assist in elucidating the details of the mechanism for glucose concentration recognition in
beta cells but also assist in the treatment of type 2 diabetes through the treatment of insulin

secretion disorders.
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1.2

Wolframin’s Syndrome, a disease which Tanizawa et al. discovered, is caused by a mutation
in the wfs1 gene. It is linked with defects in the endoplasmic reticulum stress response and a
reduction in beta cell mass. A study which analysed the islets of Langerhans of wfs1 disrupted
mice found that glucose stimulated insulin secretion became dysfunctional and that the
process of insulin secretion is connected to a dysfunction in calcium movement within beta
cellss. Moreover, it was also observed that there is acceleration of the endoplasmic reticulum
stress response in conditions in which there is a lack of the wfsl protein. From this, it has
become evident that under wfsl deficient conditions, it is likely that beta cell apoptosis will
be inducedys. It is now hypothesised that one of the causes of this acceleration in the
endoplasmic reticulum stress response is the dysfunction of calcium movement within the
beta cells of wfs1 disrupted mice. In other words, as well as a decline in the functionality of
insulin secretion in the islets of Langerhans of wfs1 disrupted mice, there is also a decrease in
pancreatic beta cell mass due to accelerated apoptosis. It is thought that these two factors
lead to hyposecretion of insulin, which in turn results in the pathogenesis of diabetes. The
current study seeks to further elucidate the details of the mechanism of beta cell endoplasmic

reticulum stress induced apoptosis in order to attempt to prevent hyposecretion of insulin.

2. Method
2.1

In order to investigate the mechanisms of insulin secretion in response to a variety of
nutrients, including glucose, techniques of genetic engineering were applied. Analysis using
MING cells which incorporated genetic engineering technology was carried out. This analysis
tested how the insulin secretion response changed upon introduction of different kinds of
genes. First, research efforts were focused on the enzymes in the glycolytic pathway before
the efficacy of over-expressing the glucose transporter GLUT1 which uptakes glucose was

analysed. Subsequently the overexpression of hexokinase |, which carries out glucose
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phosphorylation, was testedi. Finally, taking into account the link between the glycolytic
pathway and mitochondrial metabolism, the effect of forcing uncoupling protein 14 (UCP1)
expression, which has a suppressive role in the production of glycerol-3-phosphate

dehydrogenase;, lactic dehydrogenases and adenosine 5'-triphosphate (ATP), was analysed.
2.2

In order to examine the beta cell stress response and the regulation of translation, the
molecular mechanism of endoplasmic reticulum stress induced apoptosis in the islets of
Langerhans of wfs1 disrupted mice was analysed. Upon increased expression of translation
initiation factor elF4E-binding proteinl: 4e-bp1), a second generation cross was created by
cross-breeding either the Akita mice or wfs1 disrupted mice with the 4e-bp1 deleted mice,

the F2 mice were then analysed in order to ascertain the significance of 4e-bp1 induction.
3. Results
3.1

Investigations into the mechanisms of insulin secretions using the forced expression of UCP1
discovered that the rate-determining step of the glycolytic pathway in pancreatic beta cells
was determined as the glucose phosphorylation process. It also determined the role of the
glucose sensor as regulating glycolytic flux. Furthermore, it was found that there is a highly
functional association between the glycolytic pathway and mitochondrial metabolism. It was
clarified that mitochondrial metabolism not only fulfils an important role for ATP, but it also
plays a pivotal position in the formation of insulin secretion signalling. In the process of
engineering a nutrient-stimulated insulin secretion mechanism, it became clear that in order
to ensure that beta cells only responded to glucose, beta cells possess different characteristics
to other cells types within the islets of Langerhans. Namely, it became apparent that there
were no transporters on the cell membranes of beta cells for types of nutrients other than
glucose in order to ensure that beta cells do not secrete insulin in response to nutrients other
than glucose. In fact, dicarboxylic acid, an intermediary product of the TCA cycle, forced the
expression of dicarboxylic acid transporters. Upon expression of the transporters, insulin

secretion was observed in response to dicarboxylic acids. Pyruvic acid-stimulated insulin
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secretion was also observed in the islets of Langerhans due to the forced expression of a
transporter for pyruvic acids. This was an interesting result which has tied pyruvic acid to the

mechanism of insulin secretion.

3.2

Upon analysing the molecular mechanism of endoplasmic reticulum stress induced apoptosis
in the islets of Langerhans of wfs1 disrupted mice, it was discovered that the expression of
translation initiation factor elF4E-binding protein 1: 4e-bp1l increaseds. The increase in 4e-
bpl was not only observed in the islets of Langerhans of wfs1 disrupted mice but was also
observed in the islets of Langerhans of Akita mice. Pathogenesis of diabetes was generated in

the Akita mice through endoplasmic reticulum stress caused by insulin secretion dysfunction.

Evidence was found that the increased expression of 4e-bp1, which occurs in the endoplasmic
reticulum stress response, is caused by the transcription activation of 4e-bp1 by ATF4, the
master transcription factor for the stress response. Moreover, (43) the binding site for ATF4

was discovered within intron 1 of 4e-bp1.

After creating two second generation mice crosses by cross-breeding either the Akita mice or
wfs1 disrupted mice with the 4E-BP1 gene deleted mice in order to analyse the significance
of 4e-bp1 induction, it was observed that the lack of 4e-bp1 caused advancing beta cell
damage and worsened glucose intolerance in the F2 mice of both crosses. This is indicative
that 4e-bp1 fulfils a role in the regulation of protein synthesis in beta cells under endoplasmic
reticulum stress. This regulation of protein synthesis is significant as it is beneficial to the long-

term survival of beta cells and therefore beneficial in the prevention of beta cell apoptosis.
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4, Discussion
4.1

We sought to elucidate the details of the mechanism for recognising glucose concentration in
beta cells. From our results it is clear that beta cells possess different characteristics to other
cells within the islets of Langerhans, due to their lack of transporters in the cell membrane.
The resulting insulin secretion from forced expression of membrane transporters offers
further insight into mechanisms of inducing insulin secretion and suggests that cells which are
normally unresponsive to certain nutrients could be activated by expressing the protein
needed for the metabolism of that nutrient. This result is further compounded by the
unexpected observation that the forced expression of a carrier for pyruvic acid caused the
islets of Langerhans to secrete insulin in response to pyruvic acid. This is a result which has
paradoxically tied pyruvic acid to an explanation of the mechanism of insulin secretion and its

glucose specificity.

4.2

There is no longer any doubt that beta cell damage is essential to Type 2 diabetes
pathogenesis. However, it is now thought that there are in fact two factors contributing to
this: a decrease in beta cell mass as well as beta cell dysfunction. As discussed, dysfunction in
calcium movement within the cell due to wsfl gene mutation causes a decrease in insulin
secretion, in addition to an acceleration of apoptosis caused by a lack of 4e-bp1. From these
results, it is now thought that just one type of cell dysfunction will have an effect to a greater
or lesser extent on not only cell survival but also on the highly specialised function of insulin
secretion. Our results thus provide a potential therapeutic target for treating type 2 diabetes

in 4e-bp1.

The aforementioned research has contributed to advancing the understanding of mechanism

of insulin secretion, loss of beta cell mass and the pathogenesis of type 2
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diabetes. Moving forward, | would like to endeavour to elucidate a comprehensive view of
the mechanisms of insulin secretion and cell death in beta cells, to further the understanding

of type 2 diabetes and then apply this knowledge in the treatment of type 2 diabetes.
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EVSERMRBENELTFORANIFTEEChILZRELE2). COBRE , HY0
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Winner of the Lilly Research Award: Hirotaka Watada
The Clinical Application of the Mechanism for Regulating Beta Cell Mass in

the Treatment of Type 2 Diabetes

Abstract

Diabetes, a disease caused by a lack of insulin secretion, is among the top-ten causes of death
globally. However, a viable method of increasing insulin secretion is yet to be established. In
order to establish this method, the gene expression patterns of pancreatic B cells must be
established by elucidating their developmental process, allowing this process to be imitated
to induce pancreatic B cell differentiation and increased beta cell mass. We analysed AR42)-
B13 cells and various mouse models in order to identify crucial transcription factors which
control pancreatic B cell differentiation and influence cell mass. We found and classified the
mechanism of insulin gene regulation and used it to transform non-pancreatic B cells into
pancreatic B cells. We also established the roles of the vasculature of the pancreatic 8 cells
and autophagy in increasing B cell mass. The results discussed in this paper provide a method
of inducing pancreatic B cell differentiation which is likely to have clinical applications in the
development of a therapy to treat diabetes and also provide possible therapeutic targets for

increasing B cell mass which could offer a radical cure for type 2 diabetes.

1. Introduction

Diabetes is a disease defined by the hypo- or complete impairment of insulin secretion, which
results in hyperglycaemia. This lack of insulin secretion causes various complications, making
diabetes one of the top ten leading causes of death globally. This in turn has resulted in an
influx of research interest into the establishment of a method for increasing insulin secretion.
In order to establish a method of promoting insulin secretion, previous research has
addressed whether insulin expression is confined to pancreatic B cells by investigating the
regulatory mechanism of insulin gene transcription. Accordingly, the focus of investigation
was on Insulin Promoter Factor-1 (IPF-1), a transcription factor which binds to the insulin gene
promoter region. The term IPF-1 has since been replaced by the term Pancreatic and

Duodenal Homeobox 1 (Pdx1). It was found that IPF-1/Pdx1 binds to the promoter regions of
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MEEBHNOESRY | IPF1ARERHRSENECFORBZEREMNLID VWSV
e BRIC, FESE , CORBRBERZZT , MR/ AUVEGFAREAL
TVl ZERER MR RICHESEThE , XEBROBERE |, IPF1 BEFRENIEEB
MIEEER ML EEMRTEDHAELNABVEEZRL . EL , TS5LELTDE \ BEE
RFzRAVWVTHREMECZFRAEZZILEEZDILFEEEE , FROVICE  BREEELCTRE
LTVRERHMRE#AITIFBABELZIOAAICOBEN D2OTREVNEEZEZRL . TDOE
HICE  HEATOBGEFRANZ—ZERMERBICTERETELEEETAEERS K
WhiTTHY , ZOBMNOLEHICE A BN LERMROREBEZMHAL , TOBEE

BIBIAETHEBMREISUTEEEZERTIDCENEETRBAVLEERL . BH, C

NSOMBERZHREITDEE T, IPF-1 OFE—FEHRBH Pdx1 &4 V) , MODY O RERIEE
FTHDEEHETIE .
BRiIRALES(VBREEERFHAT—K

TLT L, EERG, BRERRLEBEEZADL TVAIEERFHARAT— ROFHICHED

o BEE  REFNICE-—BONRELRMARICHERTS . CO—BOMLA BER 2 W]
EMfae sy, BRDRARMERLS SBLYDDILATY 72 ET , HBALLERMRENT
&2 . FEEMRICE Pdx1 AAREL THY) , NIEELERMERA S |, BRSERADSEIC
REBRENZRIETEZEZASATVS | FERIEMREA S BN MR BRERADSLICEDS
EZER ¥ 5" Neurogenin3(Ngn3) TH 2 . £ES5E , Ngn3 IBEEFORBEFAHHEZMHFAL |
HNF3B X HNF6 2 & DREEIC KR T HEERT , Notch ¥ F )L , Activin ¥ HGF 4

FIBEN TS TEMIZ Ngn3 DEBEFRRICBESLTVWSCEZRHLAES) . —F , BB
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glucokinase (a glucose sensor in the pancreatic B cells) or the promoter region of islet amyloid
polypeptide (IAPP) genes stimulating their transcription. 1). However, at the time of this study
investigation into the mechanisms of regulating gene expression was mainly carried out using
reporter gene and gel shift assays. However, in order to investigate whether IPF-1/Pdx1
actually does bind to the respective gene promoters present on the genome and cause this
activation of the gene expression, further data was necessary. Therefore, the exogenous
expression of IPF-1/Pdx1 was forced in a pancreatic a cell line, aTC1, and examined. It was
discovered that once IPF-1/Pdx1 was expressed, albeit in the presence of extremely low levels
of Betacellulin, this induced the expression of genes specific to pancreatic B cells: insulin,
glucokinase and IAPP,. This research, in addition to the discovery that IPF-1/Pdx1 is a
causative gene of Maturity Onset Diabetes of the Young (MODY) provided strong evidence
that IPF-1/Pdx1 directly activates the expression of each type of pancreatic B cell specific
genes. For example, if endogenous cells which express the insulin gene can be induced into a
type of pancreatic B cell, then in consideration of the results of the aforementioned research,
it could be interpreted that the expression of IPF-1/Pdx1 can induce non-pancreatic B cells to
become a type of pancreatic B cell. By building upon this research, it is conceivable that in the
near future, this method of inducing differentiation using transcription factors to change the
endogenous gene expression could be used in a trailblazing new method to treat diabetes
sufferers with insufficient levels of B cells by replenishing the B cells. In order to achieve this,
it is necessary to approximate the intracellular gene expression patterns of pancreatic 8 cells
as closely as possible. However, in order to approximate pancreatic cell gene expression
patterns, it is imperative to elucidate the physiological developmental process of pancreatic
B cells. Then, this developmental process would need to be imitated in order to devise a
method of inducing pancreatic B cell differentiation. This paper seeks to first establish the
pancreatic B cell development and differentiation process, identify the associated
transcription factor cascade and then establish the factors which increase the cell mass of
existing pancreatic B cells. These discoveries could then be applied in a novel treatment for

type 2 diabetes where there is a decline in B cell mass.
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RS2 {LEF , Pax4 , Nkx2.2 B FORBFAGTEBERT TS E , Ngn3 FRIRTDEH
BHICChS DEERFARKBEITZHNADLSIC , Ngn3 & HNF EERFE & OBFAERIC
KN BEFREANSMAFTENATVRENPSHICB27124) . —F , NkQ2EBEFOTRIC
HEITHIEERT Nkx6.1 ORBRATEBLG K EERXRATERBEL SO T, BO THEMIC
FAHEATVWBEEZRHLE56). BH , Nkx6.1 DTHIC MafA £ WS 8 hi4 2 A
VEGFEEEMCEFIFEETDEE , HASAICEN TV .

ZTLT, RERERBIEMT , P OB HRILICEEREERFHEL T, Pdx1,
Ngn3 , Nkx6.1 Z3ZRBIL , 3EfE B Ml A S B MR DD LFEEZHA K - . FaRMEROE
FILHHEREMR TH D AR42J-B13 Mlifgld Pdx1 ZEEEERKEL TVSD . ZOHMBZIC Ngn3 &
RERREEDE , Nkx2.2 X Pax4d DRBRARBOS Iz . I, Nkx6.1 ZREEETE
AVAVORBREREDHShBA 2124, KDV IC MafA ZEBFIRBRE LD EA/ AU DD
RENERICROSNLT). 5&S5EOMIERELEEEE | Melton 5O T IIL—T K fiE
SN HREIC Pdx1 , Ngn3 , MafA ZiEHIRIRIBH T, BERHREADDILFEEICKIIL
oz Nature BICHRELE . ChSOERNS , BERHRBRORECHBZRAL |, T
NSOHARBZERT LD &, RN BFERE B MRS CHEEEOWIICKRI DAIREMA R

<RBEhi.

BREOCHBMROARERMEEILHIC

- B HRARCREEEEA SR FOEH-(Fig.)

RED&S SRR MRDSMEFEESE B ARTENMETLTVIERENRRDEGEL
LTEATH?  BERMRAREND/-ODZTOMOEKELTE , RpHRERCEE
Z5X2RTZHEAL , TORFH 2 EERBFERETTERETLTLWSOTHNE ,
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2. Methods

Initial research focused on elucidating the transcription factor cascade which regulates that
pancreatic B cell developmental process. Upon classifying the crucial transcription factors in
pancreatic B cell differentiation Pdx1, Neurogenin-3 (Ngn3) and NK6 homeobox 1 (Nkx6.1),
differentiation of non-pancreatic B cells into pancreatic B cells was then attempted using the
mechanism for regulating gene expression in AR42J-B13 cells, the cell line model for

pancreatic precursor cells.

Next, research into the factors which influence pancreatic B cell mass was carried out in order
to increase pancreatic B cell mass. This involved research into the vasculature of the
pancreatic islets of Langerhans. A model of vascular insufficient islets of Langerhans was used
in order to investigate pancreatic B cell function. This model used pancreatic B cell specific

vascular endothelial growth factor (VEGF)-A knockout mice.

Next, the mechanism of autophagy was investigated. The state of autophagy within
pancreatic B cells of diabetic mouse models, including db/db mice, was analysed. Then, in
order to investigate the significance of autophagy in pancreatic B cells, pancreatic B cell
specific autophagy-specific gene 7 (atg7) knockout mice were created. These mice were
created by knocking out the pancreatic B cell specific form of atg7 which is essential in the

mechanism of autophagy.

3. Results

The mechanism for regulating the expression of the Ngn3 gene was elucidated. It was
discovered that transcription factors such as HNF3B and HNF6, which are expressed in the
endoderm, as well numerous signalling pathways such as Notch signalling, Activin signalling
and Hepatocyte growth factor (HGF) signalling have an involvement in the gene expression of
Ngn3s which is extremely complex. Upon examination of the mechanism for regulating the
gene expression of the pancreatic B cell differentiation factors Paired box gene 4 (Pax4) and
NK2 Homeobox 2 (Nkx2.2), it was found that Pax4 and Nkx2.2 were automatically expressed
when Ngn3 was expressed. Thus it was shown that the Ngn3 and Hepatocyte nuclear factors

(HNF) groups of transcription factors regulate gene expression through synergistic actiona,
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TRE@MOSLSICTNE  2EBERBOFMFGEEOBIUN TREEEASND . ZZT, &
TEELEDN , BSUTILNAEBOMERETSHS . BREETEE R MRAREME
CESKEOMEZENMEML , EIC2BBRBETE  BOXKBEOONERENBL TS
EFHSNTVS . Ihbs | BOREME & E R MEMeEL (CIEAREHRI 621",
A RED , EEOHBETHRONRBASHTEL 212 . 22T, BESRBEONETLTE
FIIELT , FEpMRZFENMENKMRIEERF(VEGF)-A /Y ITIRITDAZRAWV
Ep MRzl TORR  BpMROMERRESEFESRE B Mgl
ATH3N , EEREOE P HRABICEEBRTHD L , BRBEDOE B MRRARE
IEREEICEBETHSN , A VAV VEAMICRZER HRABEMEBICEEREOLE
BRIV ETEEVIENASHICAED/89).
R, BELEORA—RNT7O—HBTHD . A— N7 70—RBFEREBRZRET M
RABLEVSRTEETHS . BRHERICHEITZFT N7 72 —DREERF TR L,
AVAVEBERAMNF A—RNT 7O —2FETHEO0 , dR/ABNVABEDERBEETILY
DADERMRTRIA—NTI 7O —FLETRRIBIBERIBESNIL
R, BERHBICBUZA—RNTI 7o —NERERNIDIENTA—RNTI 7D —HBIC X
A7 ATG7(autophagy-specificgene7) % & B MRS EMIC /Y VTV MU 2 B MRS ER
ATG7T /Y OTIRIDARZER LI . TORER , BORBICHSTIEENT KT 7D
—F2R@F , SRV RUTTOTF /22 5-ZU VBATP)ELREOETZENL T, 7 RY
RISEMA AV GWMET 28 5T N RBREN &, 1AV VERMEICKRS
FEMA—RT7 7O, B MRBERELTRN—2A0MEIZNL T, ER HREE
BEEMEED2OICHBABEBTHDENBASHICE2E10). LEzHhbEd L 28
BRFETTINVATROSNDERMBIZIEIZD2F -7 72—F2 , 7 RUELSE

A AV METORRERY) |, &l , A AV ERMIC KD E R HRAEEMT

44



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

UID: 7555155

Target Text 3, Page 4

It was also discovered that the mechanism for gene regulation, including the mechanism of
post transcriptional regulation of the transcription factor Nkx6.1 which lies downstream from
transcription factor Nkx2.2, is extremely intricately regulatedss. Furthermore, it was proven
that the potent insulin gene transcription activator MafA lies downstream of Nkx6.1.

After classifying the crucial transcription factors Pdx1, Ngn3 and Nkx6.1 in terms of pancreatic
B cell differentiation, differentiation of non-pancreatic B cells into pancreatic B cells was
attempted in the cell line model for pancreatic precursor cells AR42J-B13. It was found that
the AR42J-B13 cells expressed Pdx1 from the offset. The expression of Nkx2.2 and Pax4 was
observed when the AR42J-B13 cells were forced to express Ngn3. Insulin expression was not
observed when there was forced expression of Nkx6.1. Instead, insulin expression was clearly

observed when there was forced expression of MafAs.

Through an investigation using (VEGF)-A knockout mice it was shown that although the
pancreatic B cells vasculature is crucial in normal pancreatic B cell function, it is unrelated to
pancreatic B cell mass in a steady state. Moreover, it was found that although normal
vasculature is essential for an increase in the function of pancreatic B cells derived from a
bone marrow transplant, normal vasculature is not required for the mechanism of increasing

pancreatic B cell mass when due to insulin resistances.

In analysing the state of autophagy within pancreatic B cells, results were obtained that
suggested that there was an autophagy deficiency in the pancreatic B cells of diabetic mouse
models including db/db mice. In order to investigate the significance of autophagy in
pancreatic B cells, pancreatic B cell specific atg7 knockout mice were analysed. This analysis
suggested that a deficiency of constitutive autophagy causes a reduction in glucose stimulate
insulin secretion through a reduction in mitochondrial adenosine-5-triphosphate (ATP)
productivity. Moreover, it was also found that induction of autophagy triggered by insulin
resistance is a necessary mechanism for increasing pancreatic B cell mass through the
promotion of the proliferation of pancreatic B cells and the suppression of apoptosisio. It was
also proven that an autophagy deficiency could also cause the insulin resistance-induced

impairment of the process of generating pancreatic B cell mass.
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2ORAEB)SDCENASHICE 212 . 5B, COBEBMRA—KI7TIO—FTeZ2H

ETEBENHKNE  2BHBRFORIEEICKILOAELNEZLY .

A A il

SBE V) —ESEEMAKIC , BRFICS THEB MBROFREME  BRFAEICOKE
NBMEZEIT>THERLL .

e

SEANZTER , BROZELEES  BEOESETHAODIIRE  CHEEELICEELEBAN &

CET, COBERYTRHAVELEY . FICKBBHFCE > LRAOTREEREICE
<HLBLEFEZVEREUET .

TSI, ARIRAZE-—HNRTEECEEEV LBAEZ AL , §%% , UCSFIZTZEEE
W7z MichaelS.German t4£ZIFU S ETRHEAES , SSICCNETHEAMAELEZL T

EE 2 EREZ<KOREFCEE<SHILBLLEFEVWERVWET .
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4. Discussion

In order to establish a method of promoting insulin secretion, it is necessary to understand
the pancreatic B cell development and differentiation process and identify the associated
transcription factor cascade. The pancreas is derived from one embryological germ layer,
namely the epithelial cells of the endoderm. This section of cells become pancreatic endocrine
precursor cells. These pancreatic endocrine precursor cells then go through numerous steps
of differentiation involving various transcription factors to become a mature pancreatic B cell.
It has long been thought that the expression of Pdx1 fulfils a considerable role in the
development of pancreatic precursor cells through the differentiation of the pancreatic
endoderm epithelial cells into pancreatic precursor cells. Our research elucidated both the
mechanisms regulating the expression of the Ngn3 gene and its relationship with Pax4 and
Nkx2.2. It also proved that the potent insulin gene transcription activator MafA lies
downstream of Nkx6.1. This classification of the crucial transcription factors in the pancreatic
B cell process meant that differentiation of non-pancreatic B cells into pancreatic B cells could
be attempted. The results of this attempt strongly suggest that the elucidation of the
mechanism for the development and differentiation of pancreatic B cells and the gathering
of extensive information on this mechanism could be practically applied in the establishment

of a new future technique to induce differentiation into pancreatic 8 cells.

Moreover, at precisely the same time as the publication of this paper, Melton et al. published
a paper in Nature that they also succeeded in inducing differentiation into pancreatic B cells
by forcing the expression of Pdx1, Ngn3 and MafA but in exocrine cells. Therefore methods
of inducing pancreatic B cell differentiation, such as those attempted in this paper, are likely
to be valuable in the development of a future therapy to treat cases of diabetes where

pancreatic B cell mass is in decline.

Another strategy for increasing pancreatic B cell mass involves elucidating the factors which
influence pancreatic B cell mass. The first area that attracted research attention was the
vasculature of the pancreatic islets of Langerhans. It is already established that when
pancreatic B cell mass increases in healthy individuals then the vascular density of the islets

of Langerhans also increases. However under the same conditions, the vascular density of
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the islets of Langerhans decreases in individuals with type 2 diabetes. In other words,
although there is an evident correlation between the islets of Langerhans vasculature and
pancreatic B cell function, it is not clear whether this pertains to a causative relationship or
whether it is just mere correlation. In this paper it was found that although normal vasculature
is essential for an increase in the function of pancreatic B cells from a bone marrow transplant
it is not required for the mechanism of increasing pancreatic B cell mass when due to insulin

resistance.

Next therefore the focus of research was the mechanism of autophagy. Autophagy has an
important function in the process of intracellular cleaning by removing unnecessary proteins.
Although, insulin resistance induces autophagy, in analysing the state of autophagy within
pancreatic B cells, results were obtained that showed a deficiency of constitutive autophagy
causes a reduction in glucose stimulated insulin secretion through a reduction in
mitochondrial adenosine-5-triphosphate (ATP) productivity. It was therefore suggested that
induction of autophagy triggered by insulin resistance is a necessary mechanism for increasing
pancreatic B cell mass through the promotion of the proliferation of pancreatic B cells and
the suppression of apoptosis. This means that the autophagy deficiency observed in the
pancreatic B cells of type 2 diabetic mouse models causes a reduction in glucose stimulated

insulin secretion and a reduction in the generation of beta cell mass.

It is thought that it would be possible to establish a new therapeutic technique for type 2
diabetes through supplementing the factors which influence pancreatic  cell mass. Therefore
our research suggests that if we are able to improve pancreatic B cell autophagy deficiencies

then this could offer a radical new cure for type 2 diabetes in the future.

In consideration of the encouragement offered to me by the award of the Lilly prize and the
promising research outlined above, | will continue to engage in research into finding a cure
for diabetes and into the elucidation of the pathology of pancreatic B cells in individuals with

diabetes.
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1. Introduction

Research articles (RAs) written in English are the most likely to be cited in other scientific
articles (Englander 2014: 9), as a result ‘English now acts as the international language of
science’ (Montgomery 2009: 7). However, the second largest contributor of funds to scientific
research globally is Japan (Englander 2014: 11). The goal of scientific research is to
disseminate findings to the wider global scientific community and a lingua franca of science,
such as English, makes the concept of global dissemination not only more efficient but entirely
more plausible (Montgomery 2009: 11). Therefore, the role of Japanese to English translation
of scientific research is increasingly important in order to give Japan a voice as the wider

scientific community continues to internationalise.

This dissertation focuses on the translation of three Japanese RAs into English. Through
subsequent analysis the texts are adapted according to conventions of Anglophone scientific

RAs and the theory supporting the applied translation strategies is explained.

1.1 The Source Material

The source material is three RAs which were originally published in the Japanese journal
Tounyoubyou [Diabetes] and were written by three different Japanese researchers who were
awarded prizes for their findings in the field of diabetes research. Text 1 is 3,300 characters,
Text 2is 2,767 characters and Text 3 is 3,141 characters, all excluding references and diagrams
which have not been commissioned for localisation. The function of the source material, as
with any RA, was to disseminate the results of the research as widely as possible, but it also
particularly emphasises the achievements of the researchers of the respective articles. A
significant feature of the source material is that the layout does not conform to the
Introduction, Methods, Results and Discussion structure but rather gives a chronological,
narrative account of the research, focusing on the actions of the researchers and their

achievements.
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1.2 The Translation Brief

The client

The end client is the Japan Diabetes Society (JDS). The client’s aim is to promote research into
the study of diabetes in order to find a cure. The client has invested in the development of
academic research programs and due to the anticipation that the incidence of diabetes is set

to increase in Asia, JDS is hoping to further its global leadership role.

Distribution

In accordance with the manuscript requirements of Diabetes, the translated manuscript will
be submitted as a word document (Diabetes 2013). If approved for submission, the articles
will be published as a collection of essays which highlight the contributions of Japanese
researchers to the field. The deadline is 15™ September in order to enter into the lengthy
review process and publication is anticipated in 2017. The journal will be available

internationally both in print and online.

Target audience

There are two target audiences to consider. The first is the editors at Diabetes and the second
is the international scientific community. In order to meet the requirements of the editors,
the manuscript will be translated in accordance with the format requirements of Diabetes,
namely by conforming to the Introduction, Methods, Results, Discussion (IMRD) structure,
with the addition of Abstracts. In order to meet the expectations of the international scientific
community, the RAs will be translated in accordance with Anglophone disciplinary-specific
norms. These norms include considerations such as tenor, hedging strategies, layout and

argumentation structure.

Text function
The function of these articles, as with any scientific RA, is to disseminate the research findings
as widely as possible and for the author to receive recognition for their contributions to the

field.
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There are three text functions the articles must fulfil. The first text function is to be
referential-informative due to the necessity of clearly outlining the research contributions,
relevant theory and pertinent past research. The second function is to be expressive-
evaluative; this function is required as the RAs need to critically discuss how the research has
contributed something novel to the field. The final text function is to be persuasive-
informative. The RAs need to be persuasive-informative as, firstly, they need to convince the
editors that the research is worthy of publication and secondly, convince the scientific

community that the research is contributing something significant to the field.

To summarise, in order to fulfil these three textual functions, the one key element that must
be communicated is that the RAs have addressed a gap within the field and that the

knowledge obtained from the research findings is significant.

1.4 Background to the Critical Analysis

Skopos theory stipulates that the purpose or ‘skopos’ (Vermeer 1989/2000: 230) of the target
text (TT) is the factor that determines the translation strategy (Nord 2006: 30). Namely, the
translation brief determines whether a text needs to be ‘translated’ or ‘paraphrased’
(Vermeer 1989/2000: 203-231). It is the translator’s responsibility to reduce ‘communicative
suffering’ resulting from misunderstanding (Nord 2006: 36). In order to reduce
communicative suffering, the text must conform to the generic conventions of the target
culture (TC) as non-conformance draws the reader’s attention away from the ideational
content and impedes effective information processing (Nord 2006: 39). Consequently, by
conforming to generic conventions, the text appears to be professionally written and this
increases the likelihood of the success of the TT. Thus, the aim of this translation is to produce
a text that is well-written and conforms to the generic conventions of the Anglophone

scientific community.

There are three points of agreement concerning scientific RAs within the Anglophone
scientific community. Firstly, the RA is the most important manner of disseminating scientific
knowledge, secondly, the RA is written for scientists in the field and finally, the RA represents
the community’s notion of valid argumentation (Englander 2014: 23). This means that

publishing research in the form of an RA and using valid argumentation schemata will result
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in the broadest potential dissemination of the RA. Thus, key considerations whilst writing the
RA is Anglophone disciplinary-specific conventions and negotiating the reader-writer

relationship in terms of the writer’s role within the scientific community.

2. Critical Analysis: Chapter 1

Non-Anglophone scientific publishing often has its own writing conventions (Englander 2014:
57) which can lead to differences in argumentation structure and metatext (Uysal 2014: 180).
In translation, differences in conventions must be understood so that a text isn’t
misinterpreted (Englander 2014: 57). When localising an RA, it is imperative to consider
whether the source text’s (ST) conventions, namely the textual organisation and
argumentation structure, will impede or facilitate the comprehension of the reader within
the target culture (TC) (Fukuoka and Spyridakis 2002: 99). Thus, when localising these
documents, | took into consideration the conventional differences between the ST and TT in

terms of the macrostructure and organisational schemata of the RA.

Readers use their knowledge of conventional organisational schemata in order to
comprehend a text (Fukuoka and Spyridakis 2002: 99). Accordingly, communicative suffering
will occur when a reader encounters an unfamiliar organisation for a given genre (Fukuoka
and Spyridakis 2002: 100). A sense of organisational schemata is developed through texts in
the same genre (Fukuoka and Spyridakis 2002: 100) and the scientific genre has a highly
conventionalised rhetoric style to which all scientists must conform (Englander 2014: 90).
These genre-specific conventions constrain and conventionalise the RA (Swales 1990: 125).
This conventionalised organisation of the RA has resulted in the Introduction-Methods-
Results-Discussion (IMRD) macrostructure (Bennett 2007: 161; Englander 2014: 39; Kawase
2015: 116; Swales 1990: 133; Teufel 1998: 44). Moreover, the structure within these
individual sections is also organised and hierarchal (Bennett 2007: 161). This manner of
standardisation is important within the sciences as it facilitates community shared knowledge
(Bazerman 1988: 303). In terms of the translations undertaken, this expectation of the
scientific community is compounded by the requirements of the journal (Okamura 2006: 72),

which stipulate an IMRD structure (Diabetes 2013). This adaptation to the conventional IMRD
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structure will help ensure the text’s suitability for international rather than national

dissemination (Englander 2014: 63).
2.1 Introduction

In order to adapt the ST to the IMRD structure, | applied Swales’ IMRD structural model and
Create a Research Space (CARS) model. Firstly, this involved revising the Introduction. The
Introduction fulfils a crucial role in the RA as it is the section most read by reviewers and it
establishes three key points: that the area of study is important, that the researcher is familiar
with previous work and that there is still something unknown in the field (Englander 2014:
41). Based on this established textual function, Swales’ established the CARS model which is
composed of three ‘moves’. Move one (M1) is the establishment of a territory; this involves
‘claiming centrality and/or making topic generalisations and/or reviewing previous research’
(Swales 1990: 140-141). | translated Text 1 (T1) to establish M1 by examining previous
research. Introductions involve necessary choices in regard to the amount of background
information (Swales 1990: 137) and in T1 there was information present about the author’s
research career. Thus, sentences Source Text 1 Page 1 Lines 5-13 (ST1P1L5-13) were omitted
as it would have distracted focus from the object of research. M1 in Target Text 1 Page 1 Lines
22-Target Text 1 Page 2 Line 12 (T1P1L22-T1P2L12) contextualises the research by presenting

what has been discovered in the field thus far.

There can be more than one move cycle within a RA and these can be cycled as different gaps
and research interests are addressed (Swales 1990: 162). In Text 2 (T2) there are two CARS
cycles, one for each area of research. In order to make these distinct research niches clear in
T2, | divided the introduction into two sections (1.1 and 1.2) and went through each of the
three moves within each section. T2, like T1, contextualises the research with previous
research (T2P2L5-19) but adopts a firmer stance to the direction of research to justify the
direction of their own research efforts, established through the use of the adjective
‘prevailing’ (T2P2L16-19). In T2, the author’s opinion (ST2P1L6-8) is repurposed into a
centrality claim, which is of a more appropriate tenor, concerning research interest (T2P2L5-
7) which maintains focus on the research area’s importance. M1 is cycled again in T2 in order
to contextualise the second research objective; this involved restructuring the RA so that it
addresses previous research in the Introduction (T2P3L2-10), rather than later on in the article

(ST2P3L2-11). This ensured that all research objectives were clear from the beginning. It also
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takes a stance in agreement with previous research (T2P3L8-10), setting the text up to build
upon the ‘evident’ research as correct. Text 3 (T3) was unique in that the ST starts with their
research question and due to the narrative and chronological style of the paper does not seem
to have a M1. In order to create a M1, | firstly contextualised the research by inserting a
paragraph making centrality claims about research interest in diabetes and the morbidity
rates of diabetes (T3P1L20-23). | then re-contextualised the initial research about IPF-1
(ST3P1L9-ST3P2L11) to be the M1 discussion of previous research, as this is what supports
the research later on and thus serves the same purpose (T3P1L24-T3P2L10). These re-
workings of T1, T2 and T3 served to establish a territory and therefore a direction for the

research.

Move two (M2) of the CARS model is the establishment of a niche. This involves ‘counter-
claiming, indicating a gap, raising a question or continuing a tradition’ (Swales 1990: 140-141)
and is therefore where the central argument for the paper is developed. It is often found that
‘Japanese scientists tend to avoid an overt M2 where they would state an obvious gap in the
literature’ (Englander 2014: 61) and this trend was also found in the three STs. The
establishment of a M2 either involved making a gap more emphatically stated or stating a gap
in research that was only contextually implied. Most M2s are signalled by adversatives or
negation in order to make the gap explicit (Swales 1990: 154-155) and adversatives were used
for this purpose in the three TTs. Examples of M2s in the TTs included the insertion of a
completely new sentence highlighting the gap (T1P2L22-24;T2P2L20-21), the rearrangement
of sentences (T1P2L26-29), the use of emphatics to make the gap more explicit such as the
adversative ‘however’ (T3P2L21-23) (ST3P2L6-9) or the addition of adverbs such as
‘sufficiently’ in order to highlight an inadequacy and therefore a gap (T1P3L2) (ST1P4L15-17).
Finally, the deliberate lexical selection of reporting verbs are a powerful rhetorical tool in
establishing a research space as they can indicate whether a claim is substantiated (Swales
1990: 151). | employed a modal reporting verb ‘it could be interpreted that’ (T3P2L15) in order
to indicate that further research is needed as the claim is not proven and thus indicates a gap.

All these moves serve to justify the need for the next move, Move 3 (M3).

Move three (M3) is occupying the niche, this involves ‘outlining the research purpose,
announcing present research or research findings’ (Swales 1990: 140-141). M3 serves to

substantiate the gap identified in M2 and identify the main purpose of the research (Swales
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1990: 159). However, it is often found that Japanese writers tend to delay the introduction of
the text’s purpose (Gosden 1995: 50). In the three TTs, this involved moving information
mentioned later regarding the research purpose into the Introduction (T1P3L4-6) (ST1P4L19)
or inserting new sentences so that the RA’s purpose was clear (T1P2L19-21; T1P3L4-11;
T2P2L21-24; T2P3L15-17; T3P2L24-28).

The main rhetorical function of the Introduction is to justify the research by placing it within
the context of previous research and arguing the novelty (Kawase 2015: 116). The CARS model
helps to achieve this by contextualising the basis of the research in M1, introducing something
unknown and novel in M2 and substantiating that in M3. The use of the CARS model is also
conducive to the established structure of the ‘IMRD hourglass’ (Englander 2014: 40) in which
the Introduction includes general statements about the area of research, establishes what
isn’t known, narrows the focus of the research and then returns to broader statements about
the potential implications of the research. The use of the CARS model in reformulating the
Introduction helps the three TTs address the expressive-evaluative textual function, as the
CARS structure explicitly evaluates previous research to find a gap in M2 and evaluates the
potential contribution to the field of the research to be undertaken in M3. In addition, it also
contributes to the ‘persuasive-informative’ requirement of the translation brief. The
conversion from a chronologically ordered research document to one that outlines why the
research is significant and necessary not only assists in satisfying the requirement of the
journal editors that the research should represent ‘a significant advance in diabetes research’
(Diabetes 2013), but also clarifies the objectives and role of the text within the field for the
second TA, the scientific community, meaning that the research is more likely to be

understood and accepted.
2.2 Methods

As the STs closely fit a narrative discourse style by explaining findings in a chronological order
(Hinds 1976: 45), there was no discrete Methods section. Thus, it was necessary to create
Methods sections for the TTs in order to conform to an IMRD structure. Life Sciences’
Methods are ‘swift, presumptive of background information, not designed for easy replication
and with little statement of rationale or discussion of choices made’ (Swales 1990: 170).
Consequently, the purpose of the TTs" Methods was not reproducibility but procedural

(Swales 1990: 121), mainly functioning to show that the researcher is familiar with credible
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practices in the field (Englander 2014: 45). This meant when constructing a Methods section,
there was little requirement for explanation as procedures are standardised (Englander 2014:
45) or elaboration as conventionally Methods ‘read like checklists’ (Swales 1990: 168). A
common tool for narrative continuity within Anglophone Methods is the marked theme of
the ‘to+ verb’ construct (Martinez 2003: 113). | employed this construct to assist in
establishing both narrative continuity and coherence in the Methods (T1P3L15; T1P3L20;
T1P4L16; T2P3L21; T2P4L6; T2P4L11; T3P3L10; T3P3L12). Another key feature utilised to
adhere to Anglophone generic conventions of the Methods was the use of external temporal
textual themes (Martinez 2003: 111), namely being written chronologically. This was
underlined by temporal markers such as ‘then’ (T1P3L16; T1P3L24; T1P3L25; T1P4L5; T1P4L11;
T2P4L11; T3P3L5’ T3P3L16), ‘next’ (T1P3L17; T3P3L9; T3P3L15), ‘following’ (T1P3L19;
T1P3L26; T1P4L13), ‘first’ (T1P3L2; T2P3L25) and ‘finally’ (T1P4L16; T2P4L1). The last
consideration in the creation of the Methods was the length. Although limited by the
information available in the STs, | aimed to make the Methods brief in accordance with the
trend of Methods being reduced, sometimes to only a paragraph (Englander 2014: 47).
However, | would also highlight to the commissioner that more information concerning the
methodology may be required by the journal editors. The production of a Methods section
again serves to fulfil the ‘persuasive-informative’ function of the translation brief by
convincing the reader that the researcher is credible as they conform to generic conventions,

thereby assisting in persuading the reader to accept the research findings.
2.3 Results

The Results section functions to highlight interesting and important findings, guiding the
reader as to how the results should be interpreted (Englander 2014: 48-50). The main changes
made from ST to TT were insertion of phrases to guide the reader (discussed further in
Chapter 2) and strategic lexical selection to describe the results. For example, this included
the insertion of the phrase ‘these results indicate that’ (T1P5L25), ‘is significant as’ (T2P5L21)
and the adjectives ‘remarkable’ (T1P5L13) and ‘particularly important’ (T1P5L4). These
additions help to fulfil the persuasive-informative function as they guide the reader toward

the researcher’s desired interpretation of the results and their significance.
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2.4 Discussion

Merely reporting results without employing language strategies is insufficient to fulfil the
desired persuasive-evaluative function (Sionis 1995: 105). Accordingly, dialogic intervention
is increased in the Discussion as results are explained (Martinez 2003: 107). Although there is
more variety in both the Results and Discussion (Swales 1990: 170) some general trends have
been noted. Typically, in the Discussion, specific results are summarised, the results are
broadly discussed (Englander 2014: 51) connected to the wider field (Englander 2014: 40) and
their contribution to the field is explained (Englander 2014: 50). In accordance with the
consensus of research objectives within the sciences (Swales 1990: 175), Swales devised an 8
move scheme that outlines the most frequently observed moves within an Anglophone
Discussion (Swales 1990: 172-173). | applied this structure in the translation of the Discussions
in order to conform to expected structural schemata and thus facilitate comprehension. The
first optional move is the restatement of background information (Swales 1990: 172-173).
This mainly involved reminding the reader of the research objectives, particularly if there
were multiple objectives, such as in T2 (T2P6L3-4; T2P6L16-17) and T3 (T3P5L2-10; T3P6L9-
10). The second move is a statement of results, which is restated for later contextualisation
and discussion (T1P6L25-T1P7L2; T2L6L4-5; T2L6L20-23; T3P5L10-13; T3P6L4-7; T3P6L11-14).
Next are four optional moves to help the reader understand the significance of the specific
results. Move three is a statement of an (un)expected outcome, move four is reference to
previous research for comparison or support in order to strengthen the later claims, move
five is an explanation of the results to help ensure that the referential-informative textual
function is achieved, move five can then be built upon by move six, exemplification (Swales
1990: 172-173). T1 uses move three (T1P7L3-4) to validate the results further by saying that
the outcome is in line with what was expected, move four (T1P7L4-6) in order to further
support their result with previous research and move five (T1P7L6-7) to explain the link
between what was hypothesised and what was found. T2 uses a move three in order to
highlight the novelty of the outcome, in that it was unexpected (T2P6L9-11) and a move five
for each research objective in order to further explain the significance of their results (T2P6L6-
9; T2P6L20-23). In T3, move threes used unexpected outcomes in order to highlight the
author’s contribution to changing the knowledge in the field, both highlighted by the
adversative ‘although’ (T3P6L4-7; T3P6L11-14). T3 also employs a move four, discussing
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supporting research in order to further validate their results through corroboration (T3P5L20-
22). T3 had two move fives which were employed to highlight the significance of their findings

(T3P5L13-15; T3P6L14-19).

Move seven is arguably the most significant move within a Discussion. It moves the discussion
from the specific results to the general contribution to the field. It is also the move in which
general claims can be made. However, this was a move that was often either not stated or
not explicitly stated in the STs. This may be due to a difference in traditional Japanese
argumentation schematas, specifically the ki-shou-ten-ketsu [ 7&#5f5]  (Hinds 1983: 80).
‘Ki” marks the beginning of the argument, ‘shou’ is argument development and ‘ten’ is the
introduction of a sub-theme. One of the distinct differences between this schemata and
Anglophone schemata lies in ‘ketsu’. ‘Ketsu’ although translated as ‘conclusion’ differs to the
Anglophone concept in that it ‘need not be decisive. All it needs to do is to indicate a doubt
or ask a question’ (Hinds 1983: 80) and thus ‘ketsu’ can leave the Anglophone reader unsure
of what to take away from the RA. This meant that when translating the TTs it was necessary
to insert sentences which linked the results to wider implications (T1P7L6-7; T1P7L13-14;
T2P6L12-13’T2P6L23-T2P7L1) or made the contribution to the field more explicit with the
addition of phrases such as ‘now’ or ‘therefore our research suggests’ (T1P7L9-14;T3P6L22-
23) (ST1P6L2-4; ST3P4L23-ST3P5L1). Move seven is important for outlining how the gap
identified in the Introduction has been successfully filled and thus argues for the importance
of the research. Therefore, the explicit use of move seven helps to fulfil the persuasive-

informative textual function.

There is a final optional move, move eight, which is a space where the researcher can make
recommendations about future research thus strengthening the claim (T2P7L1-3). It can also
offer a way to broaden the scope of the potential contribution of the research discussed
within the paper (T3P6L22-29). Alternatively, it can discuss how the research could fit in with
other research and progress forward, such asin T1, where there is a second move 4 (T1P7L15-

19) which serves as the basis for move eight (T1P7L19-21).

Reformulating the Discussion to meet the conventional structure, with a particular emphasis
on move seven, assists the Anglophone reader to understand what has been achieved, thus

fulfilling the referential-informative function and illuminating how the findings fit in with the
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field, consequently satisfying the expressive-evaluative function. It also offers a space to
generalise the research findings and speculate on their potential contribution, thereby

helping to fulfil the persuasive-informative function that the research is novel and significant.
2.5 Abstract

An abstract is an important aspect of the RA as it functions to sell the RA to the reader and to
provide the reader with sufficient information about the research to make an informed
decision about reading the RA (Englander 2014: 53). Due to the important role of the abstract
and its requirement for submission to the journal (Diabetes 2013), | created abstracts for all
of the articles, despite abstracts not being included in the STs. In consideration of the
abstract’s function to inform about the contents of the RA, | opted to create an informative
abstract which reports on the entire paper in an abbreviated format, reflective of the IMRD
structure (Lorés 2004: 282; Englander 2014: 53). Given that the abstract is also in the IMRD
structure, it was imperative to write these after restructuring of the RAs. Abstracts are
typically 200-250 words (Andrade 2011: 172) and have a clear rhetorical structure, which
includes an Introduction, Methods, Results and Discussion (Lorés 2004: 281). The
‘Introduction’ functions to contextualise and indicate the gap in the research (Andrade 2011:
173) (T1P1L5-7; T2P1L5-9; T3P1L5-9) and the ‘Methods’ is typically the shortest (Andrade
2011: 173) (T1P1L7-10; T2P1L9-12; T3P1L9-11). In contrast, the ‘Results’ is typically the
longest (Andrade 2011: 174) as this section has the most important message to convey: the
research findings. Accordingly, the ‘Results’ constitute the largest section of each of the
abstracts (T1P1L10-17; T2P1L12-19; T3P11-14) and is supplemented by the ‘Discussion’ which
contextualises the results in terms of how it contributes to the field (T1P1L17-19; T2P1L19-
21; T3P1L14-17). The addition of an abstract not only acts to fulfil the requirements for
manuscript submission, but also assists to fulfil the persuasive-informative textual function,
as it functions to persuade the reader that the information contained within the paper is
significant, without having to commit to reading the entire paper. The abstract also assists in
fulfilling the referential-informative function, as it provides the reader with a summary of the

contents of the RA so that they can make an informed decision as to whether to read it.
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3. Critical Analysis: Chapter 2

The next area for analysis is the complex negotiation of making claims. When considering
publishing, the researcher must make a decision about the level of claim to be made: too high
a claim may contradict a lot of existing literature but too low a claim will offer no contribution
to the field (Swales 1990: 117). The aim for a researcher is to have the greatest level of

certainty and the broadest generalisation admissible (Englander 2014: 29).

The use of metadiscourse is an important tool in making claims. Metadiscourse is one of the
ways that writers negotiate their relationship with the information they are presenting and
with the scientific community. Metadiscourse helps to organise the text and demonstrate the
author’s stance to the information presented (Hyland 2010: 126). Therefore, as an RA not
only represents an offer of information, but also the academic’s reputation within the
scientific community, metadiscourse is an important tool in negotiating these considerations:
both presenting a credible representation of research findings and negotiating the social
relations within the disciplinary community (Hyland 2010: 127). However, metadiscourse is
linked to the norms of cultures and professional groups, meaning that as writing is ‘culturally
situated’ (Hyland 1998: 438), these writing norms can vary cross-culturally. For metadiscourse
to be effective, there must be appropriate observation of TA generic conventions. Academic
writing is a persuasive endeavour (Hyland and Jiang 2015: 529) and when submitting an RA
to an academic journal, there are two main reasons for rejection of the RA. The first is failing
to meet adequacy conditions, meaning that is it fails to meet discipline-specific rhetorical
conventions, epistemological understandings or the intertextual norms of presentation of
ideational material (Hyland 1998: 440). The second is failing to address acceptability
conditions, meaning that the RA failed to adopt a professionally acceptable tenor which is
consistent with disciplinary norms (Hyland 1998: 440). Metadiscourse, used correctly, is a tool

which allows the reader to meet both adequacy and acceptability conditions.
3.1 Adequacy Conditions

The first element to be explored is adequacy conditions. In order to be able to effectively
make a claim, adequacy conditions must be met, namely, the rhetoric of the argument must
be clearly established using disciplinary-specific generic conventions. The argumentation

structure of expository writing, such as is seen in an RA, is formed on the basis of a logical
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order. However, this logic differs cross-culturally (Hinds 1983: 79). It is well established that
Japanese to English translation often requires the reorganisation of information (Hinds 1990:
90). This is often due to a difference in argumentation style; English academia tends to favour
deductive writing and Japanese tends to prefer inductive writing (Hinds 1990: 89; Fukuoka
and Spyridakis 2002: 99; Okamura 2006: 62). Deductive writing is considered key to
Anglophone text coherence, thus Japanese STs can give the appearance of disorganisation in
English translations (Hinds 1990: 89). Deductive writing moves from general information to
specific information, whilst inductive texts first outline supporting ideas and end with a
general statement (Fukuoka and Spyridakis 2002: 99). The influence of the argumentation
style is significant. This is due to reader’s sense of structural schemata, which are frameworks
for rhetorical structures that determine expectations for information type and location and
facilitate reader comprehension (Fukuoka and Spyridakis 2002: 100). Studies have found that
the comprehension and recall of native English-speakers is better when reading deductively
organised paragraphs rather than inductively organised paragraphs (Fukuoka and Spyridakis
2002: 100). In contrast, native Japanese-speakers found inductively organised paragraphs
more readable (Fukuoka and Spyridakis 2002: 101). This has significant implications for the
publication of RAs as a lack of comprehension will lead to a failure of adequacy conditions

and rejection by the scientific community.

Japanese argumentation style is considered to be indirect and tentative, showing a
preference for ambiguity and avoidance of direct disagreement (Uysal 2014: 181). This can be
problematic when it comes to making claims, due to a reliance on the reader to make their
own conclusions in a form of indirect hedging. This tendency toward an inductive and
ambiguous style of argumentation means that Japanese is considered a ‘reader-responsible
language’. A reader-responsible language is one which requires the reader to find the topic
link between paragraphs and the main theme (Okamura 2006: 62), the relationship between
parts is not explicit and transition devices are subtle (Hinds 1987: 67). Whilst English writing,
considered a ‘writer-responsible language’, favours a hierarchal structure that has a dominant
topic sentence (Hinds 1983: 8), prioritises unity and the use of transition statements to guide
the reader (Hinds 1987: 67), objective language and avoids ambiguity and circumlocution
(Bennett 2007: 161). In translation, this necessitates intervention by the translator in order

to convert a reader-responsible text to a writer-responsible text, by using cohesive devices to
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guide the reader and make thematic connections clearer, so that claims can be made. The
main ways in which | made thematic connections clearer was through the use of context
frames (CFs), which are sentence initials and finals that contextualise a sentence (Gosden
1992: 211), and frame markers, which label elements such as text stages, goals or topic shifts
(Hyland 2010: 129). There are many types of CFs that are used to create textual cohesion and
to help establish the theme of the clause (Gosden 1992: 215). The use of these is particularly
important as, in Japanese discourse, once the topic is established it tends not to be repeated,
which results in the ellipsis of a topic where there would be one in English (Yamaguchi 2007:

114-116).

Due to the different functions of IMRD sections, different CFs were necessary in each. The
Introduction generally requires contrastive CFs to indicate a problem to be solved (Gosden
1992:217). Contrastive CFs were added in all three TTs (T1P2L22-24; T2P2L20-21;T3P2L21) in
order to explicitly indicate a gap in knowledge, headed with the adversatives ‘however’ and
‘despite’ to guide the reader for a change in discourse direction. A location in space CF
(Gosden 1992: 212) was also added in order to set the internal parameters of the research

(T1P3L7-11; T1P3L15-17;T3P2L24-28) indicated by ‘the current study/paper’ or ‘this paper’.

The Methods deals with real world temporal sequences and purpose (Gosden 1992: 217).
Accordingly, CFs to introduce the purpose (Gosden 1992: 213) were added within the
Methods such as in (T1P4L2; T1P4L5-7; T1P4L9; T2P4L6) which serve to explain the aim of the
methods that follow. The Results uses internal validation CFs in order to help pinpoint the
research’s contribution (Gosden 1992: 218). In the TTs, this included the insertion of phrases
such as ‘these results indicate that’ (T1P5L25) or ‘using the previous research as a basis’
(T1P6L18). Causative CFs were also used to direct the reader in terms of the significance of
the research. This involved the insertion of phrases such as ‘this is indicative that’ ‘is

significant as’ and ‘is beneficial in’ (T2P5L19-20; T2P5L21; T2P5L22).

The Discussion has the greatest need for skilled rhetorical manipulation and thus requires the
largest proportion of CFs (Gosden 1992: 218). In general, the CFs inserted within the
Discussion were to make the implications of the research more explicit ‘thus our results also
support’ (T1P7L6-7),‘this could represent an important step’ (T1P7L13-14), ‘offers further
insight’ (T2P6L6-9), ‘this is a result which’ (T2P6L11-13),‘from these results’,(T2P6L20-21),‘the

aforementioned results have contributed’(T2P6L25-26), ‘it was therefore suggested that’
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(T3P6L14), ‘this means that’ (T3P6L17) and ‘our research suggests that’ (T3P6L23). All of the
aforementioned CFs function to explicitly establish a territory and emphasise that it is their

research which made further insights possible.

Another method employed for increasing the cohesion of the text was specification, a form
of reformulation (Hyland 2007: 274). Specification is a technique frequently used within the
biological sciences which involves restricting how the reader can interpret a text by adding
further detail to clauses thereby restricting the reader’s interpretation (Hyland 2007: 276-7).
Therefore, specification is an important tool in converting a reader-responsible text to a
writer-responsible text. In T2 this involved the addition of the phrases labelling the AGE-RAGE
interaction as a ‘potential contributor’ (T1P2L17) to highlight its contextual significance,
referring to AGE breakers as ‘another option explored’ (T1P2L29) to group it with AGE
inhibitors and referring to the two objects of research as ‘two promising forms’ (T1P3L4) to
distinguish them from the previous research attempted. Specification therefore assisted in
making links between ST sentences which would seem disparate to an Anglophone reader

clearer.

Specification was also used to limit the ambiguity of what is being referred to.
Misinterpretation in Japanese can often occur due to the writer providing too few overt cues
or omitting relevant information (Hinds 1985: 9). Even in formal writing the ellipsis of the
main verbal elements or subject is common and does not require the ‘it’ placeholder (Hinds
1982: 313). For example, it was necessary to specify ‘Hff ZE#4 ¥}’ [research materials]

(ST2P1L12) as being ‘for investigation into beta cell function and insulin resistance’ (T2P2L11-

12) and ‘ML D#MAE’ [other cells] (ST2P2L13) are specified as ‘other cells types within the islets

of Langerhans’ (T2P4L23). Additionally, in T3 | specified the full terms for acronyms when first
mentioned as is conventional (T3P2L1-2; T3P2L11; T3P3L4; T3P3L29). This helps to avoid

ambiguity when referring to the acronyms.

Scientific texts are formed on the basis of a chain of reasoning, which needs to succinctly refer
back to set up the next move (Behnam 2013: 148). Therefore, the addition of anaphoric
reference was necessary as Japanese tends to establish continuity through subject ellipsis
(Maynard 1998: 105). Thus, the phrases ‘using this technique’ (T1P1L23) and ‘using the

aforementioned screening method’ (T1P4L17) and ‘by building upon this research’ (T3P2L16)
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were added for anaphoric reference as without explicit statement the relation to the

preceding sentence would be unclear in English.

The above additions of CFs, specification and anaphoric reference all function to reduce
ambiguity for the Anglophone reader, establish a clear argument structure and limit

communicative suffering.
3.2 Acceptability Conditions

Next, in order to be able to make an effective claim, acceptability conditions must be met.
Thus, the writer needs to consider the TA to be able to anticipate and respond to potential
negation of their arguments (Hyland 2010: 128) and establish a tenor which conforms to
disciplinary norms (Hyland and Tse 2004: 170). This involves a complex balance between the
researcher’s authority as a field expert and the researcher’s humility as a servant of the
discipline (Hyland 1998: 440). The negotiation of these two roles is mainly achieved through
hedging. Hedges are the most commonly used metadiscoursal tool; hedges mark statements
as provisional and thus seek to involve the reader in the ratification (Hyland 1998: 444-446).
Hedges mark the author’s reluctance to present their findings as categorical (Hyland 2010:
129), thereby presenting findings whilst still showing deference to the scientific community.
In English academic writing, hedges have three important functions: firstly, they identify the
factual from the potential, secondly, they assist in protecting the researcher’s reputation by
avoiding personal responsibility and thirdly, they indicate an appropriate amount of

deference thereby showing awareness of the reader (Uysal 2014: 182).

The first function of hedges, identifying the factual from the potential, is important in fulfilling
the referential-informative textual function as hedging clearly identifies claims as discrete
from established disciplinary knowledge. Hedging also assists in fulfilling the expressive-
evaluative textual function as it makes it possible to critically discuss the actual and potential
contribution of the research. The second and third functions of hedges help to fulfil the
persuasive-informative textual by assisting in negotiating the reader-writer relationship

(Hyland and Tse 2004: 170).

Inappropriate use of hedging is a common issue in Japanese to English translation (Okamura
2006: 66) as what is considered appropriate is culture-specific (Uysal 2014: 179). However,

since it has been noted that appropriate levels of hedges are an important aspect of the socio-

65



UID: 7555155

pragmatic success of an English academic text (Uysal 2014: 181), it is important to ensure that

both manner and level of hedging conforms to the TA’s disciplinary-specific conventions.

In order to ensure that the TTs were of an appropriate tenor, several aspects had to be
adapted. First, although common in Japanese discourse (Uysal 2014: 188), use of rhetorical
questions is discouraged in Anglophone scientific discourse as it is considered to be of an
inappropriate tenor (Uysal 2014: 189). Thus, the rhetorical question in T1 “ CiL [+~ ] 1FAfa 7> 2
(ST1P2L1) [(23) So, what is the primary factor which induces characteristic changes in every
type of vascular cell in those presenting with diabetes?] was changed to ‘the primary factor
that induces the characteristic changes observed in every type of vascular cell in those with
diabetes had not been identified.” (TLP2L1). This conserves the meaning of the sentence, that
the primary factor is unidentified, whilst still being of an appropriate objective tenor. T1 also
employs a direct quote including a rhetorical question ‘FFHEEN ~DHEALD[..]D TIL72H>
A 9 Ny (ST1P2L7-9) [In the stages of evolution in vertebrates [..] wouldn’t developing
diabetes be an inevitable complication?]. Not only is the use of rhetorical questions
considered to be of an inappropriate tenor, but direct quotation within an RA is also
unconventional. This sentence was therefore adapted to ‘as diabetes is characterised by a
hyperglycaemic state, it has been noted that it would not be surprising to find that AGE
formation is associated with diabetes and is an evitable complication of the diseases’
(T1P2L10-12). This adaptation maintains that the statement is attributable to somebody else
through the reference, but by omitting the quotation, avoids unnecessarily marked dialogic
intervention. The final adaptation made in order to conform to the expected tenor was the
conversion of results in a list form (ST2P2L6-10) to full sentences (T2P4L15-20). These
adaptations served to help the TTs conform to acceptability norms through the use of an

appropriate and professional tenor.

Next, differences in styles of hedging were addressed. There are four main ways that claims
are modulated: probability hedges, generalisation hedges, distancing hedges and lexical
selection (Englander 2014: 52). Below | discuss three hedging strategies applied in the TTs in
order to make claims whilst meeting acceptability conditions. Probability hedges is one of the
most common hedging strategies, accordingly the use of the modal ‘could’ was employed
frequently (T1P7L13; T1P7L13; T1P7L24; T2P6L8; T3P2L15; T3P2L18; T3P2L27; T3P4L29;
T3P5L15 T3P5L17; T3P6L24). Other ways probability hedges were employed was as an
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adjective in ‘possible/potential’ (T1P5L23; T2P6L23; T1P7L12) as well as in the adverbial
modifier ‘likely’ (T3P5L23-24).

Lexical selection is used as a method of hedging by strategically selecting reporting verbs,
which affirm but do not confirm a result. For example, ‘our results support’ (T1P7L6) or ‘our
research suggests’ (T2P6L7; T3P5L15; T3P6L23). The use of the above two forms of hedging
allows for the writer’s interpretation to be presented, whilst negotiating their role as a
member of the scientific community by presenting their results as open to ratification,

thereby showing deference to the scientific community.

The final hedging strategy employed was distancing. The most common form of distancing
hedging is the use of the passive (Englander 2014: 52). The passive is used to downplay the
role of the author, emphasise the object of research (Hyland 2008: 11) and suggest objectivity
(Fujii 2008: 41). However, Japanese sentences can omit the agent without using the passive
(Fujii 2008: 43), thus avoiding the requirement to use the passive to de-emphasise the agent
(Fujii 2008: 45). This can result in an asymmetrical relationship between the passive and active
voice in Japanese and English (Fujii 2008: 40), which is particularly apparent in the increasingly
abstract RAs (Fujii 2008: 44). As the passive voice foregrounds the research activity rather
than the researcher, the passive voice is particularly useful in the Methods and Results
(Englander 2014: 33). Accordingly, the Methods of all three TTs were translated in the passive
voice. When the passive voice is used, narrative continuity is maintained through the omission
of the agent which can be assumed to be the researcher. However, in T1 there were various
researchers cited by name when describing the methods employed. Therefore, the first step
in translating the TTs was establishing whether the author had contributed to that section of
the research. As objectivity is achieved through reducing the personal elements of the text
(Behnam 2013: 152), when the author participated in the research, colleagues’ names were
omitted and the passive voice was used for narrative continuity. Thus, all the actions listed
under Yamamoto et al. (ST1P2L15), which is discussed in T1P3L14-17, Tanaka et al. (ST1P3L2)
discussed in T1P3L17-18, Han et al. (ST1P3L10-11) discussed in T1P3L19-27, Yonekura et al.
(ST1P4L20) discussed in T1P4L2-8 and Munesue et al. (ST1P5L18-19) discussed in T1P4L16-18,
are translated omitting the subject and employing the passive voice. The inclusion of another

researcher as a subject in either the Methods or Results of an Anglophone RA would have the
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implication that the author was not involved within the research and thus undermine the

author’s claim.

Some of the most frequent adaptations to passive voice in the Methods were ‘% f#4T L 7=’
[(1) analysed] (ST2P2L3; ST1P2L17; ST2P3L22) to ‘was analysed’ (T2P3L26-27; T1P3L17;
T2P4L11; T2P4L4; T3P3L16) and ‘% fEfk L 7 [(I) created] (ST2P3L21-22; ST1P2L16;
ST3P4L17) to ‘was created’ (T2P4L9; T1P3L15; T3P3L18). The use of the passive voice gives
the Methods a conventionally expected sense of objectivity, thereby helping to meet

acceptability conditions and strengthening the author’s claim.

The passive voice is employed in the Results in order to give the findings a sense of objectivity.
In the TTs, this involved converting reporting verbs to the passive voice such as translating ‘%
. U727 [(1) discovered] (ST2P3L15; STP2L22; ST3P3L5) as ‘it was discovered’ (T2P3L23;
T2P4L1; T2P5L7) and ‘25 & 73272 - 72’ [revealed] (ST2P2L10; ST2P3L18-19; ST3P4L10;
ST3P4L21) as ‘it was found that’ (T2P4L17; T2P5L12; T3P4L15; T3P4L26). Moreover, in order
to maintain this objective tone, certain phrases which contained personal elements such as
B =20 D Rl [results from my time studying abroad] (ST2P2L17-18) were omitted and verbs
showing the author’s perspective such as ‘&3 DV 7=’ (ST2P2L13-14) [l realised that] were
changed to the passive voice becoming ‘it became clear that’ (T2P4L21). The use of an
objective voice serves to distance the author from the results, adding a sense of objectivity

and validity to the author’s claim.

The final distancing hedging strategy applied within the TTs was the use of stance nouns and
mood structures (Martinez 2003: 111). Stance nouns and mood structures are a way for the
authors to foreground their attitude to the findings (Koutsantoni 2004: 164), convincing the
reader to take the information presented as given, forestalling disagreement (Hyland and
Jiang 2015: 532). Acommon form of stance noun and mood structure used within the sciences
is the anticipatory-it pattern (Hyland 2008: 11). In the TTs, this included ‘it is thought that’
(T1P6LY; T1P7L19; T2P3L14; T2P6L17; T3P6L21), ‘it is possible that’ (T1P6L2), ‘it has become
evident that’ (T2P3L8-9), ‘it is likely that’ (T2P3L9) and ‘it is clear that’ (T2P6L4). This hedging
strategy allows the author to strengthen their claim by presenting their opinion as objective
fact. However, in the Discussion, once the results have been stated, there is a need to

emphasise the author’s relationship to the research findings in order to claim new knowledge.
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This is mainly emphasised through the use of the pronoun ‘we’ (Englander 2014: 34). As
Japanese tends to use active sentences without a personal pronoun (Uysal 2014: 186), this
involved the insertion of personal and possessive pronouns throughout the Discussion. For
example, ‘our’ (T1P6L25; T1P7L6; T1P7L12; T2P6L4; T2P6L23; T3P5L10; T3P6L23) and ‘we’
(T1P6L26; T2P6L3). This allows the author to highlight their contribution and therefore clearly
outline their claim, whilst meeting acceptability conditions by conforming to disciplinary-

specific conventions.
4. Conclusion

To conclude, this critical analysis offers a broad overview of some of the translation strategies
employed to adapt the TTs to Anglophone disciplinary-specific conventions. The aim of the
translations was to produce TTs of an acceptable register to submit to a journal editor. The
main difficulties in achieving this aim were an ambiguous and indirect argument style, which
would lead to a lack of comprehension by the Anglophone reader, and differences between
the TTs and disciplinary- specific Anglophone conventions in terms of RA macrostructure,
organisational schemata and hedging. In order to produce TTs of an appropriate register, the
STs had to be adapted to fulfil three textual functions. Namely, to be referential-informative,

expressive-evaluative function and persuasive-informative.

The major elements which contributed to the achievement of the referential-informative
function were the adaptations made in order to fulfil adequacy conditions. For the TT to be
referential-informative, the ideational material must be successfully conveyed. The
application of CFs and explicit anaphoric reference assisted in making thematic connections
clearer, thereby facilitating reader comprehension. Specification was also useful in fulfilling
the referential-informative function by making sure that referents were explicit, consequently
reducing ambiguity. These strategies assisted in clearly conveying the information within the
STs and therefore made the thematic thread clearer. Finally, the adaptation of the text into
an IMRD structure also assisted in fulfilling the referential-informative function because

reader’s comprehension is facilitated by conforming to conventional organisational schemata.

The expressive-evaluation function was mainly achieved through the application of Swales’
CARS model in the Introduction and Swales’ 8 move scheme in the Discussion. The use of

these models provided a framework in which to make critical evaluations of relevant previous
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research as well as the research presented in the paper. An evaluation of previous research
was not explicit in the STs perhaps due to being considered a Face Threatening Act (Brown
and Levinson 1999: 313), a phenomenon unable to be discussed within the scope of this paper.
The use of M2 of the CARS model in the Introduction served to explicitly highlight a gap within
disciplinary knowledge, justifying the need for the author’s research as an explicit evaluation.
Moreover, move 7 of Swales’ 8 move scheme requires the author to evaluate their own
research in order to be able to give its wider implications, thereby fulfilling the expressive-

evaluative function.

The persuasive-informative textual function was achieved through an accumulation of all the
translation strategies used to make the TTs conform to disciplinary-specific conventions
because the RA is more likely to be understood and therefore accepted by conforming to
conventions. However, the adaptations that had particular influence upon the persuasive-
informative aspect were the strategies used to meet acceptability conditions. The adaptation
to an appropriate tenor, including the use of omissions, hedging and strategic use of pronouns,
made the register more formal, thus making it more likely to be accepted. The application of
the two models by Swales were also significant in achieving the persuasive-informative
function by explicitly outlining the contribution of the research. Moreover, these adaptations
assisted the TTs to meet the TA’s criteria of representing ‘a significant advance in diabetes

research’ (Diabetes 2013).

Achieving the above textual functions served to produce a text that would be considered
socio-pragmatically successful by the TA. Beyond the scope of the three TTs, this dissertation
has helped further the understanding of the issues of Japanese to English translation and
analysed translation strategies that could be applied to Japanese to English scientific

translation and could therefore facilitate the dissemination of scientific knowledge.

Words: 7,997

Dissertation Total Word Count: 14,583
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Appendices

Appendix A: Bilingual table of translations

Text 1

Yamamoto, Hiroshi (2014) ‘B KI5 & OFE D A « e « v Ak B 3 2 JERERIIE 7T’ [Fundamental Research on the Causes, Pathology and Subjugation

of Diabetes Complications], ##/&/% [Diabetes] 57(10): 765-711.

Target segment

Source segment
<51/><54/><57>/N—%7 K — v B 52 i </57>

<51/><54/>The Hagedorn Prize

B PRI 5 BFAE O BRI + A8 - Se ik B 5 2 SRR BT 7T

Fundamental Research on the Causes, Pathology and Subjugation of
Diabetes Complications

A 1

Hiroshi Yamamoto

o

Introduction

<83>ARE I 5 117 Hagedorn D42 1& U o THL 12 DI, ZHBEE=
SIEBRREBEYRAIZ O EE [ B EMMEREE] </83><101>
1) </1015<108>% {1 & X TH > 1-. </108>

The first time | heard the name Hagedorn, the namesake of the
Hagedorn Prize, was in the book ‘The method for measuring
microdosing in medicinal chemistry’<Subscript>1)<Subscript>
</Subscript></Subscript>which my first professor of medicinal chemistry
at Kanazawa Medical University, Kenzou Sutou authored.

CHESG AL, JRPRRIEEE WL 2 0 L, bAEEREITI O E o
FIFET [, KRE] Om&ELLTLMeN 3.

Among the methods established by Sutou was the method for
measuring the glucose concentration in urine. Sutou was such a
significant pioneer in the field of diabetes research in Japan that he was
known by the name ‘Professor Nutrition’.

[BEALE A TERIEE] Tk [— oIk s v TF 5w BHo IEE
W] IMbE%E EE T & B3H%E & L T Hagedorn-Jlensen £ 34841 & 1L T W
5.

In ‘The method for measuring microdosing in medicinal chemistry’ the
Hagedorn-Jensen Method was introduced as a method to both easily
and accurately measure blood glucose concentration using a fixed
guantity of one or two drops of blood.
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Ak BERR AR Z A E O N THEIRIFIRICET L, & LEREERRES &
UCRMEDRILKFRACC I, F& LTS v 7 vy ZEDH AW
FIFFFCEL D 4 A 72

| engaged in diabetes research under the guidance of Professor Hiroshi
Okamoto specialising in research into the molecular biology of the
pancreatic Islets of Langerhans whilst researching at Toyama Medical
and Pharmaceutical University and at my previous post in Tohoku
University.

<147>7aFH Y ER LT N N BES V7L N> D DNA B4
29 2 2 & DHF</1475<174>2 ) </174><178>%", Mo- lecular
biology of the islets of Langerhans”</178><226> 3 ) </226><229>D #w%E 12
b o fz. </229>

| was involved in the discovery that alloxan and streptozotocin induce
DNA strand breaks in the pancreatic Islets of
Langerhans<Subscript>2)<Subscript> </Subscript></Subscript>and in the
edited volume ‘Molecular Biology of the Islets of
Langerhans’<Subscript>3)</Subscript>.

I A= TE e & B IR 15 DFSERIE T

From research in vascular biology to research into the complications of
diabetes

<253>1990 F &R KZHMER, M B LD A, I &R A i ff
DIGFRERER WL T, BRARAN FAMROREE2MEI L, 7 o A
R4 70 VELRE RIFT B &L i, BERMIEE I & 2 N R4k
EE BIET 22 & HF A 22 L 12</2535<26554 ) </2655<272>. </272>

After appointment to a new research post at Kanazawa University in
1990, | started researching into vascular biology. The co-cultivation of
the types of constituent vascular cells was established and it was found
that pericytes inhibited the proliferation of endothelial cells and
preserved the production of prostacyclin in addition to preventing
endothelial cell damage by lipid peroxides.

i &0, PEIRIRAT B T & 4 R AN R O FE o TS E
B DA HAINB LI L - 1.

This discovery gave an insight into why neovascularization accompanies
pericyte loss in cases of diabetic retinopathy.

T, HERIIR B8 T 2S5 I A O 12 R ) 4 284k & SR 3 primary O EL A
(AT 2 ?

So, what is the primary factor which induces characteristic changes in
every type of vascular cell in those presenting with diabetes?

<281>C DJWIZEZ 2128, FRMMC N LAROMAEERE Hu,

ffi 7 OIREEE K2 RR L 2458, Flw s 2K+ 4 advanced glyca-

tion endproducts (LA R, AGE) T & - f2</281><314>5, 6</314><318>
(</318><321>) </321><327>Fig. 1) . </327>

In order to answer this question, we used an axenic culture of
endothelial cells and pericytes in an investigation using a variety of
environmental factors and as a result, identified the factor as advanced
glycation end products (hereafter: AGE). (Figure 1)

<336/><361><339>AGE &, FEDO AL A= WIEEHD 7 I /L HNIFEE
ZHNC G T BEE S, AR TERSIN 2 EVIORIRTH 3.
</339></361>

<336/> AGE is the term used to denote the irreversible products formed
through a non-enzymatic reaction between the carbonyl group on a
sugar and the amino group on a protein.
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AGE DL, BB VEM 2 MUK E T Ik i) AT 3 5.

The process of AGE formation and accumulation is accelerated by a
chronic hyperglycaemic state.

T RS AN BT TTCH B 5, FELE O ADMIEE O,

Despite glucose being an efficacious source of energy, it still has the
issue of glycation.

<339>KBRR% D WIIE— B [, BHEEIY A~ O 1L O BB © e i
O7 Ko #ilpEe L CTRALMBEBERAZD 212 HRI €21 £
O, 262 LHRFEOMEALE T 28> T THY, WRHEEE
W EPHERBEDO Y 22 % Ho RIREBELDTE L2 0] £itdh
T W 3%</339><360>7 ) </360><367>. </367>

Professor Seiichiro Tarui of Osaka University noted “In the stages of
evolution in vertebrates the release of glucose to be used within a
closed circulatory system as blood sugars led to blood circulation.
However, this means that the chance of individuals with diabetes
presenting was possible from inception and that the risk of developing
diabetes was an inevitable complication <Subscript>7)</Subscript>.

AGE-RAGE & ¥l IR & FIE O — A — 18 a1 SCZE 8 % FH W 72 REA

Proof that AGE-RAGE is the cause of diabetes complications using
genetically modified animals

AGE D I EFAIMIER O /b 4 < & & —#Bidk, KERZZ 1K receptor for AGE
(LR, RAGE) #/t 4 3.

At least a part of the action that AGE has on vascular cells is achieved
through the specific receptor for AGE (hereafter RAGE).

RAGE id, NR— Yz amicnfen, &8 & 4WE AREHEST
/X & — > pathogen-associated molecular pattern (PAMP) X053 Bfi# /) 1
78 & — > damage- associated molecular pattern (DAMP) # Y # > N & L
T % (Fig.2A) .

RAGE is classified as a pattern recognition receptor and is recognised as
a ligand by various pathogen-associated molecular patterns (PAMP)and
damage- associated molecular patterns (DAMP).(Figure 2a)

<4515 B D IIAYEE WEEIE & </451><454> 8, 9 ) </454><467>1%, I
EHIMTRAGE ZBFIC RT3 NSV AV =y I~V R, WIENE
RAGE EBnF&# RIEL o~ A ZMERIL, WERWZ5 L ¢, AbiE%
R L 12, </467>

Associate Professor Yasuhiko Yamamoto and his
team<Subscript>8,9</Subscript> created transgenic mice that over
expressed RAGE within their vascular cells and mice that endogenously
lacked the RAGE gene. Yamamoto then induced diabetes within the
mice and analysed the resulting complications.

<467>7F % &, RAGE@BF|IFEIN ~ 7 & (& B PRIK BHE</467><497> 8 )
</497><503>% & U HAMIE</503><506> 1 0 ) </506><512>F5HE D 14 M6 %
7~ L (Fig.2BandC) , ffiJ5, RAGE RIE~ 7 23 WEIRWG BHE & F0E L
e Hy o J2</512><551> 9 </551><554> (</554><557>) </557><563>Fig.
2D) . </563>

It was found that index for diabetic
nephropathy<Subscript>8)</Subscript> or diabetic
retinopathy<Subscript>10)</Subscript> in the mice made to overexpress
RAGE showed signs of worsening (Figure 2B and 2C). Whilst the RAGE
deficient mice did not develop any symptoms of diabetic
nephropathy<Subscript>9)</Subscript> (Figure 2D).
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PLEO&ER &, WRR S 0HE D FAEIC AGE & RAGE O A HAF I #SHkfE
Kb TwaZ &adm 1.

These results indicate that there is a functional interaction between the
pathogenesis of diabetes complications and AGE and RAGE.

E  RAGE & 15T O iz 5 B AkFE

The Transcriptional Regulatory Mechanism for the human RAGE gene

<1027>#%Z D Tanaka & </1027><1030>1 1) </1030><1034>l%, & b

RAGE 181 T D53 ks 2 JAX /2. </1034>

Tanaka<Subscript>11)</Subscript> and his team investigated the
transcriptional regulatory mechanism for the human RAGE gene.

<1056/><1057/><1067><1063>B (NF-</1063><1068/><1072/><1078>B) %
EMEL L € RAGE BT DS #iEMALT 2, & 9 positive & 7 1+ —
My Z2OMHEHAR RO SNz (Fig.3) . </1078></1067>

As a result it was discovered that it is AGE itself which activates the
transcription factor nuclear factor-<1056/><1057/>B (NF-
<1068/><1072/>B) and activates the transcription of the RAGE gene
forming a positive feedback loop.

I, FERIR BT 5 1 5 L | constitutive Zc RAGE FHi %
AGE-RAGE JL/RED 4y IR L B2 s /.

This research forms the molecular basis for the apparent constitutive
RAGE expression and AGE-RAGE colocalization in the observed diabetic
state.

<1067><1078>RAGEZ D Lk > 7 F WEIR D P T & HERIFE TIE &£ <1
NF-</1078><1154/></1067><1155/><1156/><1162>B % fI T 2 &M% HV EH 5
EEEZANB. </1162>

Among the numerous RAGE-flanking signalling pathways the NF-
<1154/><1155/><1156/>B intermediary pathway is considered to be
particularly important in regard to diabetes.

<1175><1171>AGE-RAGE [ J}i
</1171><1176/></1175><1177/><1181/><1190><1187>8 A4z + b 3
</1187></1190>

The involvement of AGE-RAGE in pancreatic<1176/><1177/><1181/>
cell deficiency

<1193>2 BBEIRIAOEIT I WEEZ v 7 vy A&
</1193><1201/><1204> </1204><1207>40}f D BEREA 4= %0
</1207><1211/><1215/><122 1581 DR/ AL 3 2 ERFIA N TL
2. </1221>

The cell dysfunction in pancreatic <1201/> cells within the islets of
Langerhans and the decline in <1211/><1215/> cell mass which
accompanies the progression of Type 2 diabetes is well established.

C DG AGE-RAGE 2SR L T Ly
E DB ED Han 5 <1243><1239>1 2 ) </1239><1242512 & > THN
STz, </1242></1243>

Han et al. have carried out investigations to find out whether there is a
connection between AGE-RAGE and the aforementioned aspects of Type
2 diabetes pathogenesis.

<1243><1242>¥ % &, BEAM& Z &, IEW %A
</1242></1243><1256/><1257/><1285><1263>4ll il T 1% A} Z= [H (& RAGE
EHE M SNk o f2. </1263></1285>

Surprisingly, Han et al. found that the RAGE protein was not detected on
the cell surface of normal <1256/><1257/> cells.

79




UID: 7555155

<1285><1263>& 2 A4, 2 BIBEIRG E T VEITH B
</1263><1284>0b</1284><1288>f</1288><1291>0b </1291><1294>~ 7 X
X0 </1294><1297>db</1297><1300>f</1300><1303>db </1303><1309>~ 7
A TN E W FE > T </1309><1313/></1285><1314/><1333><1320>41 it
D RAGE FE HFGMER 0K L 72, </1320></1333>

However, in animal models of type 2 diabetic mice, the ratio of RAGE
protein positive<1313/> <1314/> cells within ob/ob mice and db/db
mice increased with age.

<1333><1320>% Z T, </1320><1332>db</1332><1336>f</1336><1339>db
</1339><1342>~v 7 A & RAGE RIE~ 7 A #5CHL & ¥ 3 &, PHRBOIME
T MFERE R & 7R b — 2 AL & 3
</1342><1367/></1333><1368/><1420><1374>AMM D /b iz S h 3
CEMRw B Ens (Fig. 4) . </1374></1420>

It was discovered that when the db/db RAGE deficient mice were then
crossbred, the apoptosis induced reduction in <1367/><1368/> cell mass
and impaired glucose tolerance associated with advancement of
diabetes improved (Figure 4).

S 512, MIN-6 41 % w128 ©, WEEENRE L 7 F V2 H/IE T ~
2= A MO Hiz & AL RAGE HEHRIELAFIE S 1 AGE BEFR 12
L BHIMIEA L - & LTEE IR BT E NS nie.

In addition, the most remarkable thing observed was the cell death due
to AGE exposure. MIN-6 cells were used in this analysis, free fatty acids
and leptin receptor antagonists were then administered to these cells,
causing them to induce the expression of RAGE proteins on the cells’
surface, cell death then occurred when exposed to AGE.

<1374>PL E DR 5, 2 BIERIF W FE S
</1374><1421/><1425/><1431>K0JIR4 D A # =R L & L THERME &
N T & /- lipotoxicity & glucotoxicity D FEARD /b e < & & —#B 1 BBk Ag B
FR& AGE WL &> THON T W B LD EHEZ A T-</1431>

The above results are in line with the prevailing theories on the
mechanism behind the deficiency in pancreatic <1421/><1425/> cells
which is associated with Type 2 diabetes which postulate that non-
esterified fatty acids and AGE at least play a part in the lipotoxicity and
glucotoxicity contributing to the mechanism.

RAGE 2"BHIR ¥ 3 Z Dfh DI &

How RAGE relates to other pathologies

<1482>FAL K F ARG A1+ & </1482><1485>1 3, 1 4)
</1485><1498> & D IL[FEHI 5T, RAGE 25, HiSlERAEE 7 LT bR [HEE
#ATICE D 3 2 £ X, phosphatidylserine Z 52 AJICEFL TT7 R b —
A MO EECEbE  ERRVWH SN, </1498>

In a collaborative study with Dr. Hiroshi Kubo of Tohoku
University<Subscript>13,14<Subscript>, </Subscript></Subscript>there
were various discoveries concerning RAGE and its relationship with to
epithelial-mesenchymal transition<Subscript> </Subscript>using a
subacute inflammation model. In addition there were discoveries
concerning RAGE specifically recognising phosphatidylserine and its
involvement in the phagocytosis of apoptopic cells.

Flo, GIRKFCBTZ2HERMTICLY, 7IaAf R
<1520/><1530><1523>1-42 </1523><1529>X7" F F D XA N\ DFE4T 5

Moreover, it was demonstrated in interdisciplinary research at
Kanazawa University that both a RAGE deficiency and the
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RAGE RAHC1RIR T 2 A[ M RAGE EH D EFIFIL CH R K SN 2 C
&R B A SN f2</15295<1563>1 5 ) </1563><1569>.
</1569></1530>

overexpression of the aforementioned soluble RAGE protein
significantly suppresses the uptake of amyloid <1520/><Subscript>1-
42</Subscript> peptide into the brain<Subscript>15</Subscript>.

AGE-RAGE Z—7 v 74 > 7

AGE-RAGE Targeting

PLERAN T & 725”2 5, AGE-RAGE X iR & 2 O&HHES & U0 &FE
E MNEBEOBRFERAGR EEZ 61 5.

From the research mentioned thus far, AGE-RAGE can be considered to
be a possible target for treatment for all kinds of human diseases
including diabetes and the complications associated with diabetes.

M b% 2 5 % % AGE-RAGE LD Jiét & FBr % Tablel W27~
9.

Table 1 lists the theoretically conceivable strategies for the main AGE-
RAGE therapeutic targets

F—I, AGETEODIHETH 5.

The first strategy is the inhibition of the formation of AGE.

7, I & THIF SN TE 7 AGE FERPHERIDZ < & AGE i 14
NOILEESEERAEIEE L TB 0, P L TEE Do ER %
PHELE§ 3 0 ERI G E A b 3.

However, the mechanism of action for the majority of currently
developed AGE inhibitors is to target the covalent bonds of the AGE
formation intermediate compound. This intermediate compound
requires close to an equimolar of drugs resulting in a stoichiometric
problem.

<1623>8 R 3%y C & 12, angiotensin receptor blocker (ARB) %% AGE JE K
PHEMEME 2 € D2 AR 5 S Tw 3</1623><1725>1 6 )
</17255<1729>. </1729>

Interestingly, it has been reported that angiotensin receptor blocker
(ARB) has AGE formation inhibiting activity.

ok, OIS NI AGE 2 RT 28T H 5.

The second option is a drug to break down already formed AGE.

AT —IZET 3EY)E AGE breaker & LI 3.

This type of drug belongs to a category of drugs called AGE breakers.

B, RKRIEZFNE L { AGE #0fE T & % breaker DFHFEICIEE > T L.,

However, an AGE breaker which is efficacious at breaking down AGE is
yet to be developed.

A% RAGE

Soluble RAGE

W=, AGE #AIMANCHIE L IMEMME RS 2 7 2/ REMEKTH 2

The third option is the addition of an extracellular decoy receptor for

(Fig. 5) . AGE that protects the vascular cells.
#'5 D Yonekura (Fi4: Yonekura
1. 1.

AGE 2O < 5t W, [HERI, ARB2.

Prevent AGE formation: inhibitors, ARB 2

AGE %39 . Breaker

Break down AGE: Breakers

3.

3.
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AGE Z DOm0 & 2 %: <1961>7 2</1961>1

Seize AGE: Decoys

4

4

RAGE/EF] #4112 %: RAGE #5PiAl

Inhibit the action of RAGE: RAGE antagonists

<1988>IRER} REHIZ) 5</1988><1991>1 T ) </1991><1998>F, bt b

MELEARY YV —L DR 2 ) —=> T TCHIVEKF T 47 RNART 5 A
Sy EDERENBT 21 RAGE A #[HE L, esRAGE
(endogenous secretory RAGE) & 44 L 72, </1998>

of Kanazawa Medical University identified a decoy RAGE protein which
was named endogenous secretory RAGE (esRAGE) by screening of
human vascular cell polysomes and alternative RNA splicing.

<1998>Motoyoshi & </1998><2061>1 8 ) </2061><2067>1% , AL+ A

70y 7 AMPIEIEA FR T 2L, MMPOILE BTV b P A Yy 27
4> 7 &0, BHEEEAT RAGE R A 5 Al RAGE R A D IR 43
BasnsdZe®Em,RLI. </2067>

Motoyoshi et al.<Subscript>18</Subscript> demonstrated that it
possible to induce membrane-bound RAGE proteins to convert into
soluble RAGE proteins through MMP9 induced ectodomain shedding
when the concentration of intracellular cyclic AMP is increased.

RAGE 7 > & I = A b DB ¥ & & AGE D&Y 1fi

Evaluation of the advent of RAGE antagonists and AGE in food products

FV0it, RAGE7Z Y R T=—A MNDHETH 3.

The fourth option is the invention of a RAGE antagonist.

RAGE $if£ % H] > /2 fluorescence resonance energy transfer

When analysis of fluorescence resonance energy transfer (FRET)

(FRET) f#fT #4795 &, U # > FRIBEHT{E T RAGE monomer (2 3R ¥ 2
EEZ N ZMMEOEEEEN ¢, FYT~v—CHKTE2ELELsN
B DIRE BN L 2.

has been carried out using RAGE antibodies, at around the same time as
ligand stimulation, without any change in fluorescence intensity
originating from what is believed to be a RAGE monomer, the
fluorescence intensity believed to be originating form an oligomer
increased .

N CIEREIEB 7 I =AT 4y 2% VA Nk RAGE Bk % + Y
Tv—lT2L0E Eisnd.

It is thought that the agonist ligands which send intracellular signals
make the RAGE receptors oligimerize.

%2 T, 4FE 300 F ¥ D4 AGE

So, when a pharmacological assessment was carried out

<2226/><2266><2229>% FA L, FEH R L FHEE T o0& 2 A, KD
FAGEIZ RAGEIZXL T7 v RIT=A MNEMAERTC EARVEEN
</2229><2265>1 9 ) </2265><2269>. </2269></2266>

<2226/>in which low-molecular weight AGE of a maximum molecular
weight of 300 was prepared, it was discovered that low-molecular
weight AGE showed signs of RAGE antagonist
activity<Subscript>19</Subscript>.

<2272> KK Z/IMIGIR BB D 7 v — 7 & OHLFR T,
RAGE H D =R G % e U 12</22725<2287>2 0)
</2287><2291>. </2291>

E b

In collaborative research with Kobayashi et al. we undertook research to
determine the three-dimensional structure of the human RAGE
protein<Subscript>20</Subscript>.
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FEig R L 2K THEID insilico A 2 ) —=> 7 &, D14
DIEH[) 2 G £ 0, RAGE F5¥LHG & /8 4 B O ki) B ¢ 15 5
ni.

After screening low-molecular weight compounds based on their
structural information in silico, several potential agents which showed
RAGE antagonist activity were obtained through subsequent
pharmacological assessment.

HHEDEMIEAGECEA, i, HFO, ki DM KO —EBIE AGE (2
ikt 3.

Some varieties of food products are rich in AGE. These food product’s
taste partially originates from AGE including the colour, aroma and
flavour.

<23455fBELL 1o B &N 3 AGE DA 10 % AEERIM A [N &+,
48 WfH1812 1& 70 Y RN IC B & 2</2345><2423>2 1)
</2423><2430>. </2430>

Of the intake of food derived AGE, approximately 10% is absorbed into
the blood stream. Yet after 48 hours 70% of the AGE consumed remains
within the body.

WK TIERER, B O AGE 2 HEWNT 2L TN XHHTH - 724,
£ AGE D & DAEMEEHIERIIC DLW T Ik 4 BHRETOVME 3h 2 & % 7
AN 3.

Conventionally in the Western world, the dominant view has been that
food derived AGE is regarded as harmful to health. However, it is also
thought that further investigation into the biological effects of AGE in
food products is required.

<2430>Munesue 5 </2430><2460>1 9 ) </2460><2466>\% RAGE 7 3 =X
LETYRI =R LDEEHSEM, 3—b—, FVA >, 3—F7%%F
T L IsHti 24T o 12, </2466>

Munesue et al.<Subscript>19</Subscript> carried out an assessment of
RAGE as a agonist/antagonist using the following food within their
assessments: soy sauce, coffee, red wine and cola.

ZO&R, B\, 3—E—, K7 YRS T AGE D RAGE 7 T = A b
mEEFRMT s ERFOHEIN, 207 &I = A MEHIGKS T H
PGV EST (A

It was found that soy sauce, coffee and red wine neutralised the RAGE
agonist activity of the high molecular weight AGE and that it was low-
molecular weight fractions that reversed this into antagonist activity.

E Q)]

Summary

<2536><2520>AGE # &4 U 4> N & RAGE & DA HAEM I, i RIEwC s
F B MAETEES & O </25205<2537/></2536><2538/><2544>HI A4 D 1,
RO—D2eFEZsh, FERFHO—IK - ik - ZIRTH LOERE 4 2
EEZ BB, </2544>

The interaction between AGE, its ligands and RAGE is considered to be
one of the causes of diabetic angiopathy and <2537/> <2538/> cell
failure in diabetes, Accordingly they are considered to be the primary,
secondary and tertiary targets for prevention of these disorders.

RAGE 7 v R T = X FEEXRT a4 N 7> FEAFELEORIC & 0
SRR B HEAE

There is great reason to hope for the elimination of diabetes
complications through the development of

T E2HAKRZ LWL 20,

a RAGE antagonist drug or a method of inducing the production of a
decoy variant of the RAGE protein will become a reality in the near
future.
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<552 BUBE PRI FERE (2 B 1T 2 [fEi</5><11>b</11><15>HIMFETE D 431 B
</15>

The molecular mechanism of pancreatic beta cell damage in the
pathogenesis of Type 2 diabetes

£ 575 Hisamitsu Ishihara
Lo Introduction

2 RUMEIR L, P b Aifis 6 DA > R Y ¥ iblEE & F <36 -
</36><39>IEi AR BT D 4 > 2 Y Y Pt </395HE 1 48 A G -
T, FEJE<45> « </455<48>IEJE§ 2P TH 5. </48>

Type 2 diabetes is a complex disease where an impaired insulin
secretion from the pancreatic beta cells complicated by insulin
resistance in the skeletal muscle, adipose tissue and liver results in the
pathogenesis and progression of the disease.

<A8>FAHKE</48> IR 5 B e T3 2 L 2 REL, EROWIRETH
UG 12249%], RO EOY TlEA > R Y VB T 28584 & 0 B
ACATDORL T WLz,

When | first decided to make my specialism diabetes and started my
research in the laboratory of medical office, | was surrounded by people
engaging in research into insulin resistance as a research topic
amounting academic interest at the time.

BEE D 2 0 B b A Bl 2 2 e AT 2 <, MR E BE
KRshanl e, HeED2IATENEE Ao TLL.

Isolating the islets of Langerhans or pancreatic beta cells is not a simple
matter. If it is not possible to obtain plentiful amounts of research
materials then this becomes a major stumbling block for progressing the
research.

b 4 fits D #fE D W 75 —engineeringofnutrient-stimulatedinsulinsecretion

Research into beta cell function: engineering of nutrient-stimulated
insulin secretion

SEIEZL C &, 1990 FEi, SHEUMER A > R Y »oribdiiatk &
L CHAFCIELMFHENA T 2 MING fHA B & /.

Fortunately, in 1990 the MING cell, which is still currently widely used
global and considered the most typical insulin-secreting cell line, was
created.

Lo T, MAMEABIC L LELWIRBS I EES NI,

This solved the issue of the difficulty obtaining research materials.
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2 RUBEIRIR O FEREVIIAH 2 W IE I HERERFE DB B8 W T, 41 YA >
IPIAGEE LIS UIEIBEE K G Etid &N 3 & 51z, #ntsE DK ik
D AN,

As it is noted that there is frequent latent excessive response to insulin
secretion at the stage of initial pathogenesis of Type 2 diabetes or at the
stage of impaired glucose tolerance, it is not possible to observe the
absolute amount of decline of beta cells,

D, 1990 FALHTE, bAIMOREEGE EDK T TCE L L, LAY
W — AVRERHEEORE Ch B EFEL 6N T,

As such, in the first half of the 1990s, the prevailing view became that
rather than researching the decline in amount of beta cells resulting in
abnormalities, that instead the research target was the abnormalities in
the mechanism for recognising glucose concentration.

b, bAINED 7 v 2 — A PRSERBTERE Ol # R4 2 2 & 03, 27
FERIRIC B B4 > R Y b B DI, b TIE 2 BUHERIR D16
AR R Sl

Thus, | considered this research to not only elucidate the details of the
mechanism for recognising glucose concentration in beta cells but also
to assist in the treatment of type 2 diabetes through the treatment of
insulin secretion disorders.

22T, MIN6 #iflu# Hvy, Bz T LEOHFMKERIANT, ED&L D
HBIEEFEEBALLBESC VI — R E B> R ¥ WA nEAL
T30 EMITL T o 1.

Therefore, | carried out analysis using MING6 cells and incorporating
genetic engineering technology, testing out how the insulin secretion
response changed upon introduction of different kinds of genes.

Jva—2R % EDREE(nutrient) 2 £ B3 A > A Y 4% engineering
LTHEd2E0wI HikTtho 1z,

The method employed used genetic engineering in order to investigate
the insulin secretions to a variety of nutrients including glucose.

1.7V a— R IEMEA » R Y SIS

Glucose-stimulated mechanism of insulin secretion

¥, MFEROBRCHEHL THV#HA, 7 va—2AWVIAAEITH T
VO —AMWEHAEGLUTL £ 7 v a— 2 ) Ytk E T HoNF Y £+ —+ 1
D IEFIFEIL O R % i L 72 1).

First, | focused research efforts on the enzymes in the glycolytic
pathway. Then, | analysed the efficacy of over expressing the glucose
transporter GLUT1 which uptakes glucose and hexokinase | which
carries out glucose phosphorylation<Subscript>1</Subscript>.

e, HEREI by Y 7AGHEDHEEED ) A CEELT Y o —
W3 U IRKEREER 2)CABRMKEREEK3), I3 NV T TOTT
/v 5= VU RR(ATP)EE A & ] 4 2 i 34k & > /% 7 UCP14) D &I F
HOBhEEMESL 12,

In addition, taking into account the link between the glycolytic pathway
and mitochondrial metabolism, the efficacy of the forced expression of
uncoupling protein 14 (UCP14) was analysed. UCP14 suppresses the
production of glycerol-3-phosphate
dehydrogenase<Subscript>2</Subscript>, lactic
dehydrogenase<Subscript>3</Subscript> and adenosine 5'-triphosphate
(ATP).
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ZThoDéERs s en2E, Q7 Va—RY Y RILEFES b A B

JARBEROBEERETCH Y, S —ARBREAHEL S LI —2R
vrH—t L TOREEH> TR E, QbAIIIC B TIEMBER L
Ibay b 7REOEEEAE N E, 2L T, @I bhar Ry

TN ATP 2L LA Y R Y YWD T F VBRI BEE 2 KE % 3
LTWwWa e, BHeME L 12,

To summarise the results of this investigation: 1) The rate-determining
step of the glycolytic pathway in pancreatic beta cells was determined
as glucose phosphorylation process and the role of the glucose sensor as
regulating glycolytic flux were discovered. 2) It was found that there is a
highly functional connection between the glycolytic pathway and
mitochondrial metabolism. 3) It was clarified that mitochondrial
metabolism not only fulfils an important role for ATP, but also in the
formation of insulin secretion signalling.

2.4 Y A VWD 7 v a— AR EM

The glucose specificity of insulin secretion

Nutrient (2 & 3 1 > A U > 43 ilbiéHE % engineering 9 2 2T, b 4 »
AYA) e Vva—ACREL TR S0, odie Bx
SEMAEBL THWB I EXRANO LT,

In the process of engineering an insulin secretion mechanism which
responds to nutrients that causes beta cell insulin secretion to be in
restricted to responding to glucose it became clear that these cells
possessed different features to other cells.

Tabb, bAHMIE 7 w3 —ALAND nutrient I8 & > TA > A Y > rilh
FRIS VDI, Ths kT 240 EOEEMHAEZ &> Tk
W ENRHeMEL -T2

Namely, it became clear that there were no transporters on the cell
membranes of these cells in order to ensure that beta cells do not
secrete insulin in response to nutrients other than glucose.

EEE, TCAH A 7 VOHFETH 2 AV A UBREFMAEICE DAL ¥ A
R Y TREEHAE RS2, RO TELTA Y ARY
VEDNMWT B E D% o 125).

In fact, when the expression of dicarboxylic acid transporters, which
uptake the intermediary product of the TCA cycle, dicarboxylic acid, was
forced, these molecules began to secrete
insulin<Subscript>5</Subscript>.

te, MEPORBETH 20, Eb Rtk s RIS ¢ 22 L1
D, FBEEAELEYRIINLTA YA Y WsEITLI085 52
EvHigsn3).

In addition, in the results of an international study it was observed that
pyruvic acid caused the islets of Langerhans to secrete insulin due to the
forced expression of a carrier for pyruvic acid<Subscript>3</Subscript>.

IR, ELE VRS OMIIIC BN ZEIRIRVERTH - /2.

This was an interesting result that paradoxically tied pyruvic acid to the
explanation of the mechanism of insulin secretion.

b A i & D 4EFF SRS D 7T

Research into the mechanism of maintaining beta cell mass

1O AU DEFEE NREA P L AV 2 37— 7 K2 TCOYE2E4L8K L, [
HAFZD L & T, RAFZA IO RFORESEEH TS £ & b ICHAL 2
v AV 7 Z LEGERE R KB AL T Wisl O fENTIC D - 72

After completing a period of research abroad concerning beta cell
survivals and endoplasmic reticulum stress in the University of Geneva, |
began studying under Dr Yoshitomo Oka who was coworkers with Dr
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Yukio Tanizawa. | then participated in a study into Wfs1, a gene causing
Wolframin’s Syndrome, a disease which Tanizawa et al. discovered.

Wfsl I8z TS~ 7 ZDEE T, ZIVva—RZ L2 RAY >k
INEDEENEL, Z ORI bAIHATD AL 7 AFIRED BH 23 [

HLTwaZex2WHsmnicL 126).

In the islets of Langerhans of wfs1 gene disrupted mice, it was found
that dysfunction in insulin secretion in response to glucose developed
and that that process is connected to a dysfunction in calcium
movement within beta cells<Subscript>6</Subscript>.

7z, [FIRFIZ, WFST X > /N7 23/RIBET 2ARRET L, b AL T O /NHfE
A ML AIGEDTERBED 5N, bAAMAT R b—> R RT < &
STWBZENHEME L > T27,8).

However, at the same time, it has been observed that there is
acceleration of the endoplasmic reticulum stress response in conditions
in which there is a lack of WFS1 proteins. It has become evident that in
these conditions it becomes likely that beta cell apoptosis will be
incurred<Subscript>7,8</Subscript>.

INHAR Z b L RSB TUED —KE, bHIRA TD AL > 7 LABIRED B
ThdeEHEinohb.

It is believed that one of the causes of acceleration in the endoplasmic
reticulum stress response is dysfunction of calcium movement within
beta cells.

Tabb, Wl BT~y ADEESTIE, (> R Y »iribkRED
KFreebi, 7R b= ZA0TCET 248 E, BKbAINEDK TS
0, e L TDA > A VWA > THEIRFBNIIEST 2 & H 2
sz,

In other words, in the islets of Langerhans of Wfs1 gene deleted mice, as
well as decline in the functionality of insulin secretion, there is a
decrease in pancreatic beta cell mass due to accelerated apoptosis. It is
thought that this leads to hyposecretion of insulin which in turn results
in the pathogenesis of diabetes.

2b AL A b L RIS & BRI

2. The Beta Cell Stress Response and Translation Regulation

S 51, Wil BZTHEE~ 7 AEEICE U /MK Z L ZFE T R
=3 A DT HERE £ 5 3 2182 T, BHERBIGEE T (elF)4E 455 EEH
1(elF4E-bindingprotein1:4E-BP1) D AL T2 Z & # ML 72
9).

Whilst analysing the molecular mechanism of endoplasmic reticulum
stress induced apoptosis in the islets of Langerhans of wfsl gene
deleted mice, it was discovered that the expression of translation
initiation factor elF4E-binding proteinl: 4e-bp1)
increased<Subscript>9</Subscript>.

4E-BP1 D¥EINIL, Wil IBIn FHE~ 7 AFEECR> 72 DTk % <,
4 YAV UAFORFEICE 2L N L AT & > THEIRNG 2 F0E
T3 Akita vV ADFEETELRD s NIz,

The increase in 4E-BP1 was not only observed in the islets of Langerhans
of Wfs1 gene deleted mice but was also observed in the islets of
Langerhans of Akita mice where pathogenesis of diabetes was
generated through endoplasmic reticulum stress caused by insulin
secretion dysfunction.
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O/ R ML ZIGEC B B 4E-BPL O FIREEINE, A ML A BE
D~ AR —UZERHT ATF4 (2 & 2 4E-BP1 DEZEEMALIc & 2 2 & # B 5
M2 L, AE-BPLIBIZTF DA > ba > 1 ONIRIC ATFA D&ES5E 4 H
L 7.

Evidence that the increased expression of 4E-BP1 that occurs as a
endoplasmic reticulum stress response is caused by the transcription
activation of 4E-BP1 by the master transcription factor for the stress
response, ATF4. The binding region of ATF4 was found within intron 1
of the 4E-BP1 gene.

Wfs1 I8z T~ 7 2 % Akita ¥ 7 A2 B J 3 4EBP1 ;BB D = FH % T
T30, Akita vV A H B Wik Wesl I8z T~ 7 X & 4E-BP1 i&{z%
T~ 220/ T2 EE R~ 2 2E-L, EITL 2.

In order to analyse the significance of 4EBP1 induction in WFS1 gene
deleted mice and Akita mice, a second generation cross was created by
cross-breeding either the Akita mice or Wfs1 deleted mice with the 4E-
BP1 gene deleted mice. The F2 mice were then analysed.

Akita v 7 A8 £ U Wfsl Bz TiE>T7 200N BWTEH, 4E-BP1
DRIEH b QRS 2 BT S &, TWHEREE 2 B S €3 2 & AHES
nir.

It was observed that in either case, whether crossbred with a Akita
mouse or WFS1 gene deletion mouse, the lack of 4E-BP1 caused
advancing beta cell damage and worsened glucose intolerance.

INEEZ ML ZATRDO b AT, R X285 EMHIL TBL 2 ENE
M BRI E>TEARNTHY, Z20KE % 4E-BP1 A H-> T 3 ¢
DEFEzZ 6Nt

The regulation of protein synthesis in beta cells under endoplasmic
reticulum stress is beneficial to long-term survival and it is thought that
4E-BP1 fulfils this role.

BEbH DI

Conclusion

b AN R E 2 2 RS R RIEC B O CAAIRTH 22 L 0L <,
FIWWE, bAIREDK T EMEAEOHENFAESTZ LD ERbN
3.

There is no doubt that beta cell damage is essential to Type 2 diabetes
pathogenesis. However, it is thought that there are two factors
contributing to this: a decrease in beta cell mass as well as beta cell
dysfunction.

Wfsl I T ORI & 24A 7V > 7 ABRBOEEL, 1 >R Y~
NWMER TS TR b=y 25 TESER LW, DB 1D
DA AL D B, AIROAFEmE L e chH 3 > R Y
R AON T EANE A WV (-2 R i el 2 S (-

Dysfunction in calcium movement within the cell due to Wsfl gene
mutation causes a decrease in insulin secretion alongside an
acceleration of apoptosis. It is thought that just one type of cell
dysfunction will have an effect on both cell survival and also the highly
specialised function of insulin secretion to a greater or lesser extent.

bAIMID A > A VW EEIED £ H =X L OLIE ML, 2 BIBER
JRICB T2 Z20EELHL L T, FIRFOEECHEILTANS &
BO#HA T & 20,

For future research, | would like to endeavour to elucidate a
comprehensive view of the mechanisms of insulin secretion and cell
death in beta cells, further the understanding of the disorder of type 2
diabetes in order to use this knowledge to treat diabetes.
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CDRUCDOY Y —EZEZHI0, PEIRHOEK, #E %6 0 LR
HOITXRTCIWDE>T, CNETCTI/ELLL & L 2RISR
5 27 20 5T B R IRARE R [ 5 AR IRE b 1o L & T

Upon this occasion of being awarded the Lilly Prize, | would like to
express my sincere gratitude to Professor Yoshitomo Oka of the
Diabetes Metabolism department of Tohoku University School of
Medicine for all his guidance across all of the clinical diabetes research,
eduction and fundamental research.

1z, BOR, bAIMIAOEIC D> TTHRWEE & & L 28H
A N T s T R T, TR OWIS 0 6 THRBE W12 &
F L 72 MIN6 A1 OIS 3 T & % KRS~ = 2 0 A At i 480 25 B s e &l
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Watada, Hirotaka (2009) ‘i b A i 25 f 54 Bl %A (2 B 9 % B 7T [The Clinical Application of the Mechanism for Regulating Beta Cell Mass in

the Treatment of Type 2 Diabetes], ##/K/# [Diabetes] 52(11): 881-883.

Source segment

Target segment

<27/><30>Y Y — B2 H I </30>

The Lilly Research Award

[ <36>B</36>4M M 25 Tt o S A A 1 BE & 2 5T

The Mechanism for Regulating B-Cell Mass

& AR

Hirotaka Watada

IPF-1

IPF-1

MR BGR O RILD ML, &8, 4 > AU &, TR ARG
LTHHRTZ2OMENITETH - 1.

Our initial research question was whether insulin expression was
confined to pancreatic b-cells.

BOMPHED Y o e HZ 1.

The first step to answer this question was to investigate the mechanism
for the regulation of insulin gene transcription.

COEMOBIRD Iz DE—HE L T, 4 ¥R Y ViB{a T OIS
?‘A

FDRHICA VA VBT NI EE S T 2HEEE KT IPF-

Accordingly, we decided to focus the investigation on Insulin Promoter
Factor-1 (IPF-1), a transcription factor which binds to the insulin gene
promoter region.

ZO&E, IPFF1 AR BAD 7T Fokiv sy —Td 2B ANMA S v
IFF—YELETBLPIAPPEMLTF7oE—X—UZ&HEAEL, ThTh
DB TOREEEA /TS 2 &2 RHL 72 1).

We found that IPF-1 binds to the glucose sensor of the b-cells, the
pancreatic beta cell glucokinase gene or the IAPP gene promoter region
and activates the transcription of the respective
genes.<Subscript>1)</Subscript>

2120, YBEOBEZTFRBFM A 4 =X L OMEE, FioL F—Kx—iF
ZFT v ARV T VT v AL EEZHOCTIT>TEY, IPF-1H
AMET ) ACAET 22 NEFNDBIZTO7T o E—K— &S, &
TP REEHSE2D0hEBI L TE, S6837—&H0
WEEEFZ T

However, the investigation into the mechanisms of regulating gene
expression at the time was carried out mainly using reporter gene
assays and gel shift assays. However, in order to investigate whether
IPF-1 actually does bind to the respective gene promoters which are
present on the genome and cause this activation of the gene expression
further data was necessary.

% 2T, B aAiEkE aTC1 AN AR IPF-1 Bz T2 RIS ¥ 1.

Therefore, we forced the IPF-1 gene to be expressed exogenously in a
pancreatic a cell line: aTC1.
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4 % &, Betacellulin fFE N CHED TRL RV TEHBZZLEDD, >R
Y, ZvaFF—, IAPP & LD B AN REL T ORKAFE S
naZexzRHL 2.

Once expressed, we discovered that, albeit in the presence of extremely
low levels of Betacellulin, this induced the expression of genes specific
to pancreatic b cells: insulin, glucokinase and
IAPP.<Subscript>2)</Subscript>

CO&ERIE, JWOMTHIKD EB D, IPF-1 25% 1K B A4S i E
TORYE HEEHENT 2 £ 0 IRWRIILE & > 24, [FRFIC, EH S
E, CORBEREZT, ARMEA > R ) VIBETFAEBL T 2400
PR B AN & UCIER & T, REEOLRIE, IPFLIEL T HEL
EHEBA 2B AL e IRTC &2 b LA EH L I,

This means that, in accordance with our initial research objectives, this
provides strong evidence that IPF-1 directly activates the expression of
each type of pancreatic b cell specific genes. For example, if endogenous
cells which express the insulin gene can be called to be varieties of
pancreatic b cells, then in addition, in consideration of the result of this
experiment it could be interpreted that the expression of IPF-1 causes
non-pancreatic b cells to become a variety of pancreatic b cells.

bL, 2201428, EERTEHOCTHRTEEL PR s ¢
BOEEERIE, BRI, BEIRREE AL L T 25 B 41 % 4
T 2B ELEOMIC DN 2D TE L EFEZ 1.

If we assume the aforementioned, then in the near future, the method
of inducing differentiation using transcription factors to change the
endogenous gene expression could be used in a trailblazing new method
to treat diabetes sufferers with insufficient levels of b cells by
replenishing the b cells.

TDlHIcE, MIRANTOBEMLTHRRAR—v 2 FEB4IRICTE 2120
st adhiEzsr0ubdchy, ZOHMD DG, FFN%
[ B AN O FEA BT A R L, 2 OBFE % B+ 2 & & TR 41k
BEEAERST B ENEETCEI RO EEZ .

In order to achieve this, it is necessary to approximate the intracellular
gene expression patterns of pancreatic B cells as closely as possible. To
achieve this objective, it can be considered imperative to elucidate the
physiological developmental process of pancreatic B cells and then
imitate this process in order to devise a method of inducing pancreatic
cell differentiation.

B, s DMFRERERE T 2HE T, IPF-1 DE—IFFRA 5 Pdxl
L%, MODY DERFEZTCH B L bkt an.

Furthermore, at around the same time that these research results were
announced, the term IPF-1 was consolidated into being synonymous
with the term Pdx1 and it was announced that Pdx1 is a causative gene
of MODY.

i B AN A L IR C SRS R H A7 —

The pancreatic B cell development and differentiation process and the
transcription factor cascade
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T, BEG, WMpAMREEREANL CoBLERTA AT —F
ORI - 7.

Next, the author came to be involved in research into the elucidation of
the transcription factor cascade which regulates that pancreatic 3 cell
developmental process.

JRER I, FEAESEIC I — B O W IREE b A ik 2.

>

The pancreas is derived from one embryological germ layer, namely the
epithelial cells of the endoderm.

C O — RO A AP 7 T BRI & 4 0, JREN 0 BT ERA L s 5 H 7
DRIWRT v 7 %EET, ML EBHMATE 2.

This section of cells become pancreatic endocrine precursor cells. These
pancreatic endocrine precursor cells then goes through numerous steps
of differentiation to become a mature pancreatic B cell.

JFERTERATAE I (& PAx1 A RIBLL TH 0, WIREE F 4Nl A 5, BERTERAN
JEANDbie K& kBl 2z Rz &FE26nN T 3.

It is thought that the expression of Pdx1 fulfils a considerable role in the
development of pancreatic precursor cells through the differentiation of
the pancreatic endoderm epithelial cells into pancreatic precursor cells.

JEERT BRAR L s & 8 P9 20 WA T BXAR L~ O 04k B b 2 25 K123
Neurogenin3(Ngn3) T ® 5.

One of the transcription factors which is involved in the differentiation
of pancreatic precursor cells into endocrine cells is Neurogenin-3
(Ngn3).

HHE S X, Ngn3 BT ORI EIERE 2 MBI L, HNF3B %> HNF6 4 & D
WIREE (2 IR ¥ 2825 K7, Notch 37 v, Activin % HGF > 7 + L 7t
E DR THEMEWC Ngn3 DB FRICEEL Twa & /RHL 2
3).

Our team elucidated the mechanism for regulating the expression of
theNgn3 gene. It was discovered that transcription factors which are
expressed in the endoderm such as HNF3B and HNF6 as well numerous
signalling pathways such as Notch signalling, Activin signalling and HGF
signalling have an extremely complex involvement in the gene
expression of Ngn3<Subscript>3</Subscript>.

—7J7, WEBANMMLIA T, Pax4, Nkx2.2 iBf{n1 O FEIFAEIHENE 2 Wt +
&, Ngn3 AREBT 2L HEIMC N s OISR TARIRT 250 &
912, Ngn3 & HNFEZEHTRE & O & 0Bz FRBEAHE 8
NTW3BIENYPE LMK -T4).

On the other hand, upon the examination of the mechanism for
regulating the gene expression of the pancreatic B cell differentiation
factors Pax4 and Nkx2.2 it seemed that when Ngn3 was expressed these
transcription factors were also automatically expressed. It was thus
shown that the Ngn3 and HNF groups of transcription factors regulate
gene expression through synergistic action<Subscript>4.</Subscript>

—77, Nkx2.2 12T D FIRICAEAE S 255 KT Nkx6.1 O F& 555 G A4S
&, IZESBRREBATEEL S T, oy CEECHTIahTwaZ &%
L 72 56).

On the other hand, it was discovered that the mechanism for gene
regulation, including the mechanism of post transcriptional regulation of
the transcription factor Nkx6.1 which lies downstream from
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transcription factor Nkx2.2, is extremely intricately
regulated<Subscript>5,6</Subscript>.

%8B, Nkx6.1 D R MafA & W I5R% A > R v B TH25 1E AL
KRTFHNEET B EE, HeomnzdnTuiz.

Furthermore, it was disclosed that the potent insulin gene transcription
activator MafA lies downstream of Nkx6.1.

72T, REAHMEAEHT, » OB Al EE 4 iE 5K T
&L T, Pdxl, Ngn3, Nkx6.1 ZiEER|L, BB 41 & B B AL~ D
ISEEE 2 A& T

Thereupon, we attempted to induce differentiation of non-pancreatic
cells into pancreatic B cells through this complex mechanism for
regulating gene expression and by classifying the crucial transcription
factors in pancreatic B cell differentiation Pdx1. Ngn3 and Nkx6.1.

JFERTERANA O € 7 VA IkK T & 2 AR4A2J-BI3 AHfflid Pdx1l % & & & & 3¢

The cell line model for pancreatic precursor cells AR42J-B13 cells
expressed Pdx1 from the offset.

WL Tw3.
C DANMIIC Ngn3 ZoEHIFIAS 2 &, Nkx2.2 X° Pax4 D RZIAHD s 1
1z

The expression of Nkx2.2 and Pax4 was observed when the AR42J-B13
cells were forced to express Ngn3.

7212, Nkx6.1 # RSB T A > A Y > OFHIL *m%n@mof
7, bz MafA 258 RILS 24 2 A Y ORBENEZEIHICAD
&Nt 7).

Insulin expression was not observed when there was forced expression
of Nkx6.1. Instead, it was when there was forced expression of MafA
that insulin expression was clearly observed<Subscript>7</Subscript>.

HLrIEZDMLEREL 2L &, Melton 5D 7 v —7" & AN AT IR
h.%ﬂngB,MﬁA%%ﬁJﬂﬁT% & T, JEB AN OEEIE
I L 722 & % Nature B2 3RE L 1.

At precisely the same time as the publication of this paper, Melton et al.
published a paper in Nature that they succeeded in inducing
differentiation into pancreatic B cells by forcing the expression of Pdx1,
Ngn3 and MafA in exocrine cells.

INLD&ERMS, FERAMMDOREMMIFEL AL, T s DM %
HEREs¢ 3L, H%M@ﬁﬁ%ﬁ%%A%ﬁ%%@%ik 7O AT Re
NER L RIRE N1z

From these results it is strongly suggested that the elucidation of the
mechanism for the development and differentiation of pancreatic B cells
and the gathering of extensive information on this mechanism could be
useful in the establishment of a new future technique to induce
differentiation into pancreatic B cells.

MO B MO ERERMS ¢ 20

Increasing the cell mass of existing pancreatic B cells

— B AT C B A 52 2 FT DI —(Fig.)

(2

- Explanation of the factors influencing pancreatic B cell mass-

PLED & 9 % B AN LA R, I B AIIRAFEAMK T L T w3 HEIR
OB RKRDIGEE L TAHATH 3.

Methods of inducing pancreatic B cell differentiation such as the above
are valuable in the development of a future therapy to treat cases of
diabetes where the pancreatic B cell mass is in decline.
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% B MR 72 O 2 OO & L Tk, ¥ B MR E
52 2T 2L, 2 ORTA 2 BEERBRE T CERMKTL T
2OTHNIE, TREMI & I TIL, 2 BUHEIRE O FHRIGREO
AL FEZ SN D,

Another strategy for increasing pancreatic  cell mass involves
elucidating of the factors which influence pancreatic B cell mass. Then, if
these factors act as an agent to decrease the diabetic state then it is
thought that it would be possible to establish a new therapeutic
technique for type 2 diabetes through supplementing these factors.

22T, ¥TEHLEOD, FES XMy ABOMEBETH 3.

Accordingly the first thing that attracted research attention was the
angioarchitecture of the pancreatic islets of Langerhans.

B3 C 1 B AN A FERE IR (S RSO M FEZ ML, e 2
TIMEIRIN T, B REDOMEEENMLT 2 ERnMsesnTn 3.

It is established that when pancreatic B cell mass increases in healthy
individuals then the vascular density of the islets of Langerhans
increases, whilst under the same conditions, the vascular density of the
islets of Langerhans decreases in individuals with type 2 diabetes.

Thabb, KIIREIME & B AR & (ML MBI A H 24, C
NWERD, REOHETHZ2ONEHS TR 2.

In other words, although there is an evident correlation between the
islets of Langerhans vasculature and pancreatic B cell function, it is not
clear whether this pertains to a causative relationship or whether it is
just mere correlation.

22T, BoREBEOMEAREET IV E LT, BB ARSI N 40
FIETE R T (VEGF)-A /v 2 77 b~7 2% T, B ANRELEE # Mt
L 7.

Thus, using a model of vascular insufficient islets of Langerhans we
investigated pancreatic B cell function through the use of pancreatic
cell specific vascular endothelial growth factor (VEGF)-A knockout mice.

Z D4R, BB AN MRS 1B 4 A B Ak RE 1o LZET & 3 28,
TEFREBOR B MAEC E BEFRTH 2 2 &, HHIEORE B MIE
FEBEAMBEEE I G WET H 2 H, A v A Y VIR & 25 B 41 AfERY
TSRS I IER OISR G BETIE 20 EN A% - 12 8,9).

<Italic>As a result it was shown that although the angioarchitecture of
the pancreatic B cells is crucial in normal pancreatic B cell function, it is
unrelated to pancreatic B cell mass in a steady state. Moreover,
although essential for an increase in the function of bone marrow
transplanted pancreatic B cell mass normal angioarchitecture was not
required for the mechanism of increasing pancreatic B cell mass because
of insulin resistance</Italic><Subscript><Italic>8,9.</Italic> </Subscript>

Wi, EHLEOEA— 7 7 o—HifETH 3.

The next focus of research was the mechanism of autophagy.

A= N7 7V —BABELEASBRET ZABANEGLE WO SN TEETH
%

Autophagy has an important function in the process of intracellular
cleaning by removing unnecessary proteins.

BERAIMICB T 24— 7 7 v —DIREEMEST2E, 1AV VT
MRA—F7 7V —%iF8T 20D, dp/dp ¥ 7 A% ¥ DFERGEE T

Although, insulin resistance induces autophagy, in analysing the state of
autophagy within pancreatic B cells, results were obtained that
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Ve 7 ADREBAIM T A— N7 7 V—AREERRT 2R/ Es 1
1.

suggested that there was an autophagy deficiency in the pancreatic
cells of diabetic mouse models including db/db mice.

iz, BRHlcEU 24— 7 7Y —OEEBEMH T 2HKTA—
7 7 v — i 2E % ATG7(autophagy-specificgene?) % i B &l i 4 52 1)
/w277 LB AR RINATGT /v 2 7 7 b AEERL
1.

Next, in order to investigate the significance of autophagy in pancreatic
B cells, pancreatic B cell specific autophagy-specific gene 7 (ATG7)
knockout mice were created by knocking out the pancreatic B cell
specific form of ATG7, which is essential in the mechanism of
autophagy.

ZOHE, BoRBECBIZHEEHNA— N7 7V —AgE, I bav R
V7 CDTT /Yy 5= VERATP)ELERRDIL T 2L T, 7 F 78
IEMEA A MK T s b 6T ERRRIN .

As a result, it was suggested that a deficiency of constitutive autophagy
causes a reduction in insulin secretion in response to glucose through a
reduction in mitochondrial adenosine-5-triphosphate (ATP) productivity.

Fre, AR P & 2FBEEA— N7 7o —d, KB AT
RiEEE 78 b— Z0HH £/ L T, FEBAIMARE MINS ¢ 3D
AT D 2 2 & 23 6 h I & - 12 10).

Moreover, it was found that induction of autophagy triggered by insulin
resistance is a necessary mechanism for increasing pancreatic B cell
mass through the promotion of the proliferation of pancreatic 8 cells
and the suppression of apoptosis<Subscript>10</Subscript>.

DlbEx bbbtz e, 2RPIRIEET V7 ATRAD 5N BB A B
J24— 7 70—, 7T RIEISEEA > A 2 UME T DRI
Eh0, i, A YA VB & BB AIIARIEINA L O R &
50D ENHE MK I

To summarise the above, it was proven that the autophagy deficiency
observed in the pancreatic B cells of type 2 diabetic mouse models
causes the reduction in insulin secretion in response to glucose. It was
also proven that an autophagy deficiency could also cause the insulin
resistance-induced deficiency in increasing pancreatic B cell mass.

S, COBRHIMA—F7 7 V—ALerNES ¥ 3 EAHRNLIE,
2 RUMEPRIG DR AV ST O b Lt by,

If it is possible to improve pancreatic B cell autophagy deficiencies then
this research could be applied to a radical cure for type 2 diabetes in
future.

I

Conclusion

Sy, VY —EHZEE&A W, HRFEC BT 30 P AO e,
FERIRIGIEC DL DB A EIT> T & f2u,

Under the encouragement offered to me by the award of the Lilly prize,
| will continue to engage in research related to finding a cure for
diabetes and the elucidation of the pathology of pancreatic B cells in
individuals with diabetes.
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Appendix B: Texts with numbered sentences before restructuring
Text 1: Yamamoto, Hiroshi (2014) ‘¥ R & HHAE D ekl « SR EE « e iR B 4 2 FEmE
%%’ [Fundamental Research on the Causes, Pathology and Subjugation of Diabetes

Complications], ##/&/% [Diabetes] 57(10): 765-711.

(1) The Hagedorn Prize: Fundamental Research on the Causes, Pathology and Subjugation

of Diabetes Complications

(2) Hiroshi Yamamoto

(3) Introduction

(4) The first time | heard the name Hagedorn, the namesake of the Hagedorn Prize, was in
the book ‘The method for measuring microdosing in medicinal chemistry’s which my first

professor of medicinal chemistry at Kanazawa Medical University, Kenzou Sutou authored.

(5) Among the methods established by Sutou was the method for measuring the glucose
concentration in urine. Sutou was such a significant pioneer in the field of diabetes research

in Japan that he was known by the name ‘Professor Nutrition’.

(6) In “The method for measuring microdosing in medicinal chemistry’ the Hagedorn-Jensen
Method was introduced as a method to both easily and accurately measure blood glucose

concentration using a fixed quantity of one or two drops of blood.

(7) 1 engaged in diabetes research under the guidance of Professor Hiroshi Okamoto
specialising in research into the molecular biology of the pancreatic Islets of Langerhans
whilst researching at Toyama Medical and Pharmaceutical University and at my previous

post in Tohoku University.

(8) I was involved in the discovery that alloxan and streptozotocin induce DNA strand breaks
in the pancreatic Islets of Langerhans; and in the edited volume ‘Molecular Biology of the

Islets of Langerhans’s.

(9) From research in vascular biology to research into the complications of diabetes
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(10) After appointment to a new research post at Kanazawa University in 1990, | started

researching into vascular biology.

(11) The co-cultivation of the types of constituent vascular cells was established and it was
found that pericytes inhibited the proliferation of endothelial cells and preserved the
production of prostacyclin in addition to preventing endothelial cell damage by lipid

peroxidatesa.

(12) This discovery gave an insight into why neovascularization accompanies pericyte loss in

cases of diabetic retinopathy.

(13) So, what is the primary factor which induces characteristic changes in every type of

vascular cell in those presenting with diabetes?

(14) In order to answer this question, we used an axenic culture of endothelial cells and
pericytes in an investigation using a variety of environmental factors and as a result,

identified the factor as advanced glycation end products (hereafter: AGE)sg. (Figure 1)

(15) AGE is the term used to denote the irreversible products formed through a non-
enzymatic reaction between the carbonyl group on a sugar and the amino group on a

protein.

(16) The process of AGE formation and accumulation is accelerated by a chronic

hyperglycaemic state.
(17) Despite glucose being an efficacious source of energy, it still has the issue of glycation.

(18) Professor Seiichiro Tarui of Osaka University noted “In the stages of evolution in
vertebrates the release of glucose to be used within a closed circulatory system as blood
sugars led to blood circulation. However, this means that the chance of individuals with
diabetes presenting was possible from inception and that the risk of developing diabetes

was an inevitable complication”;.

(19) Proof that AGE-RAGE is a cause of diabetes complications using genetically modified

animals
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(20) At least a part of the action that AGE has on vascular cells is achieved through the
specific receptor for AGE (hereafter RAGE).

(21) RAGE is classified as a pattern recognition receptor and is recognised as a ligand by
various pathogen-associated molecular patterns (PAMP)and damage- associated molecular

patterns (DAMP).(Figure 2a)

(22) Associate Professor Yasuhiko Yamamoto and his teams g created transgenic mice that
over-expressed RAGE within their vascular cells and mice that endogenously lacked the

RAGE gene.

(23) Yamamoto then induced diabetes within the mice and analysed the resulting

complications.

(24) 1t was found that index for diabetic nephropathys or diabetic retinopathyio in the mice

made to overexpress RAGE showed signs of worsening (Figure 2B and 2C).

(25) Whilst the RAGE deficient mice did not develop any symptoms of diabetic nephropathys
(Figure 2D).

(26) These results indicate that there is a functional interaction between the pathogenesis

of diabetes complications and AGE and RAGE.

(27) The Transcriptional Regulatory Mechanism for the human RAGE gene

(28) Tanakai1 and his team investigated the transcriptional regulatory mechanism for the

human RAGE gene.

(29) As a result it was discovered that it is AGE itself which activates the transcription factor
nuclear factor-kB (NF-k B) and activates the transcription of the RAGE gene forming a

positive feedback loop.

(30) This research forms the molecular basis for the apparent constitutive RAGE expression

and AGE-RAGE colocalization in the observed diabetic state.

(31) Among the numerous RAGE-flanking signalling pathways the NF-k B intermediary

pathway is considered to be particularly important in regard to diabetes.
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(32) The involvement of AGE-RAGE in pancreatic 8 cell deficiency

(33) The cell dysfunction in pancreatic B cells within the islets of Langerhans and the decline

in B cell mass which accompanies the progression of Type 2 diabetes is well established.

(34) Han et al. have carried out investigations to find out whether there is a connection

between AGE-RAGE and the aforementioned aspects of Type 2 diabetes pathogenesis.

(35) Surprisingly, Han et al.12 found that the RAGE protein was not detected on the cell

surface of normal 8 cells.

(36) However, in animal models of type 2 diabetic mice, the ratio of RAGE protein positive

pancreaticlf cells within ob/ob mice and db/db mice increased with age.

(37) It was discovered that when the db/db RAGE deficient mice were then crossbred, the
apoptosis induced reduction in cell mass and impaired glucose tolerance associated with

advancement of diabetes improved (Figure 4).

(38) In addition, the most remarkable thing observed was the cell death due to AGE

exposure.

(39) MIN-6 cells were used in this analysis, free fatty acids and leptin receptor antagonists
were then administered to these cells, causing them to induce the expression of RAGE

proteins on the cells’ surface, cell death then occurred when exposed to AGE.

(40) The above results are in line with the prevailing theories on the mechanism behind the
deficiency in pancreatic B cells which is associated with Type 2 diabetes which postulate that
free fatty acids and AGE at least play a part in the lipotoxicity and glucotoxicity contributing

to the mechanism.

(41) How RAGE relates to other pathologies
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(42) In a collaborative study with Dr. Hiroshi Kubo of Tohoku Universityis 14 there were
various discoveries concerning RAGE and its relationship to the epithelial-mesenchymal

transition using a subacute inflammation model.

(43) In addition there were discoveries concerning RAGE specifically recognising

phosphatidylserine and its involvement in the phagocytosis of apoptotic cells.

(44) Moreover, it was demonstrated in interdisciplinary research at Kanazawa University
that both a RAGE deficiency and the overexpression of the aforementioned soluble RAGE

protein significantly suppresses the uptake of amyloid B 1-42 peptide into the brainis.

(45) AGE-RAGE Targeting

(46) From the research mentioned thus far, AGE-RAGE can be considered to be a possible
target for treatment for all kinds of human diseases including diabetes and the

complications associated with diabetes.

(47) Table 1 lists the theoretically conceivable strategies for the main AGE-RAGE therapeutic

targets.
(48) The first option is the inhibition of the formation of AGE.

(49) However, the mechanism of action for the majority of currently developed AGE

inhibitors is to target the covalent bonds of the AGE formation intermediate compound.

(50) This intermediate compound requires close to an equimolar of drugs resulting in a

stoichiometric problem.

(51) Interestingly, it has been reported that angiotensin receptor blocker (ARB) has AGE

formation inhibiting activityis.
(52) The second option is a drug to break down already formed AGE.
(53) This type of drug belongs to a category of drugs called AGE breakers.

(54) However, an AGE breaker which is efficacious at breaking down AGE is yet to be

developed.
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(55) Soluble RAGE

(56) The third option is the addition of an extracellular decoy receptor for AGE that protects

the vascular cells.

(57) Yonekura of Kanazawa Medical Universityi7 identified a decoy RAGE protein which was
named endogenous secretory RAGE (esRAGE) by screening of human vascular cell

polysomes and alternative RNA splicing.

(58) Motoyoshi et al. 13 demonstrated that it possible to induce membrane-bound RAGE
proteins to convert into soluble RAGE proteins through MMP9 induced ectodomain

shedding when the concentration of intracellular cyclic AMP is increased.
(59) Assessment of AGE in food products and the advent of RAGE antagonists
(60) The fourth option is the invention of a RAGE antagonist.

(61) When analysis of fluorescence resonance energy transfer (FRET) has been carried out
using RAGE antibodies, at around the same time as ligand stimulation, without any change
in fluorescence intensity originating from what is believed to be a RAGE monomer, the

fluorescence intensity believed to be originating form an oligomer increased.

(62) It is thought that the agonist ligands which send intracellular signals make the RAGE

receptors oligimerize.

(63) So, when a pharmacological assessment was carried out in which low-molecular weight
AGE of a maximum molecular weight of 300 was prepared, it was discovered that low-

molecular weight AGE showed signs of RAGE antagonist activityio.

(64) In collaborative research with Kobayashi et al. we undertook research to determine the

three-dimensional structure of the human RAGE proteinzo.

(65) After screening low-molecular weight compounds based on their structural information
in silico, several potential agents which showed RAGE antagonist activity were obtained

through subsequent pharmacological assessment.

(66) Some varieties of food products are rich in AGE.
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(67) These food product’s taste partially originates from AGE including the colour, aroma
and flavour.

(68) Of the intake of food derived AGE, approximately 10% is absorbed into the blood

stream. Yet after 48 hours 70% of the AGE consumed remains within the body1.

(69) Conventionally in the Western world, the dominant view has been that food derived

AGE is regarded as harmful to health.

(70) However, it is also thought that further investigation into the biological effects of AGE

in food products is required.

(71) Munesue et al.19 carried out an assessment of RAGE as a agonist/antagonist using the

following food within their assessments: soy sauce, coffee, red wine and cola.

(72) 1t was found that soy sauce, coffee and red wine neutralised the RAGE agonist activity
of high molecular weight AGE and that it was low-molecular weight fractions that reversed

the activity into being antagonistic.
(73) Summary

(74) The interaction between AGE, its ligands and RAGE is considered to be one of the

causes of diabetic angiopathy and B cell failure in diabetes.

(75) Accordingly they are considered to be the primary, secondary and tertiary targets for

prevention of these disorders.

(76) There is great reason to hope for the elimination of diabetes complications through the
development of a RAGE antagonist drug or a method of inducing the production of a decoy

variant of the RAGE protein will become a reality in the near future.
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Text 2: Ishihara, Hisamitsu (2009) ‘2 RUBEJRIFFEIEIZ I3 1T D i b AR FEE O 55 - HEAE
[The molecular mechanism of pancreatic beta cell damage in the pathogenesis of Type 2

diabetes], #7/K /% [Diabetes] 52(11): 884-866.

(1) The Lilly Prize: The molecular mechanism of pancreatic beta cell damage in the

pathogenesis of Type 2 diabetes
(2) Hisamitsu Ishihara
(3) Introduction

(4) Type 2 diabetes is a complex disease where an impaired insulin secretion from the
pancreatic beta cells complicated by insulin resistance in the skeletal muscle, adipose tissue

and liver results in the pathogenesis and progression of the disease.

(5) When | first decided to make my specialism diabetes and started my research in the
laboratory of medical office, | was surrounded by people engaging in research into insulin

resistance as a research topic amounting academic interest at the time.
(6) Isolating the islets of Langerhans or pancreatic beta cells is not a simple matter.

(7) If it is not possible to obtain plentiful amounts of research materials then this becomes a

major stumbling block for progressing the research.
(8) Research into beta cell function: engineering of nutrient-stimulated insulin secretion

(9) Fortunately, in 1990 the MING cell, which is still currently widely used global and

considered the most typical insulin-secreting cell line, was created.
(10) This solved the issue of the difficulty obtaining research materials.

(11) As it is noted that there is frequent latent excessive response to insulin secretion at the
stage of initial pathogenesis of Type 2 diabetes or at the stage of impaired glucose

tolerance, it is not possible to observe the absolute amount of decline of beta cells,

(12) As such, in the first half of the 1990s, the prevailing view became that rather than
researching the decline in amount of beta cells resulting in abnormalities, that instead the
research target was the abnormalities in the mechanism for recognising glucose

concentration.
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(13) Thus, | considered this research to not only elucidate the details of the mechanism for
recognising glucose concentration in beta cells but also to assist in the treatment of type 2

diabetes through the treatment of insulin secretion disorders.

(14) Therefore, | carried out analysis using MING6 cells and incorporating genetic engineering
technology, testing out how the insulin secretion response changed upon introduction of

different kinds of genes.

(15) The method employed used genetic engineering in order to investigate the insulin

secretions to a variety of nutrients including glucose.
(16) Glucose-stimulated mechanism of insulin secretion
(17) First, | focused research efforts on the enzymes in the glycolytic pathway.

(18) Then, I analysed the efficacy of over expressing the glucose transporter GLUT1 which

uptakes glucose and hexokinase | which carries out glucose phosphorylation.

(19) In addition, taking into account the link between the glycolytic pathway and
mitochondrial metabolism, the effect of the forced expression of uncoupling protein 14

(UCP1) was analysed.

(20) It was found that UCP14 has a suppressive role in the production of glycerol-3-

phosphate dehydrogenase;, lactic dehydrogenases and adenosine 5'-triphosphate (ATP).

(21) To summarise the results of this investigation: 1) The rate-determining step of the
glycolytic pathway in pancreatic beta cells was determined as glucose phosphorylation

process and the role of the glucose sensor as regulating glycolytic flux were discovered.

(22) 2) It was found that there is a highly functional connection between the glycolytic

pathway and mitochondrial metabolism.

(23) 3) It was clarified that mitochondrial metabolism not only fulfils an important role for

ATP, but also in the formation of insulin secretion signalling.

(24) The glucose specificity of insulin secretion
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(25) In the process of engineering an insulin secretion mechanism which responds to
nutrients that causes beta cell insulin secretion to be restricted to responding to glucose it

became clear that these cells possessed different features to other cells.

(26) Namely, in order to ensure that beta cells do not secrete insulin in response to
nutrients other than insulin, it became clear that there were no transporters on the cell

membranes of these cells.

(27) In fact, dicarboxylic acid, an intermediary product of the TCA cycle forced the
expression of dicarboxylic acid transporters and insulin secretion was observed in response

to dicarboxylic acids

(28) In addition, in the results of an international study pyruvic acid-stimulated insulin
secretion was observed in the islets of Langerhans due to the forced expression of a

transporter for pyruvic acids.

(29) This was an interesting result that paradoxically tied pyruvic acid to the explanation of

the mechanism of insulin secretion.
(30) Research into the mechanism of maintaining beta cell mass

(31) After completing a period of research abroad concerning beta cell survivals and
endoplasmic reticulum stress in the University of Geneva, | began studying under Dr

Yoshitomo Oka who was a co-worker of Dr Yukio Tanizawa.

(32) I then participated in a study into Wfs1, a gene causing Wolframin’s Syndrome, a

disease which Tanizawa et al. discovered.

(33) In the islets of Langerhans of wfs1 gene disrupted mice, it was found that dysfunction in
glucose stimulated insulin secretion developed and that that process is connected to a

dysfunction in calcium movement within beta cellse.

(34) Moreover, at the same time, it has been observed that there is acceleration of the
endoplasmic reticulum stress response in conditions in which there is a lack of WFS1

proteins.

(35) It has become evident that in these conditions it becomes likely that beta cell apoptosis

will be incurredss.
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(36) It is believed that one of the causes of acceleration in the endoplasmic reticulum stress

response is dysfunction of calcium movement within beta cells.

(37) In other words, in the islets of Langerhans of Wfs1 gene deleted mice, as well as decline
in the functionality of insulin secretion, there is a decrease in pancreatic beta cell mass due

to accelerated apoptosis.

(38) It is thought that this leads to hyposecretion of insulin which in turn results in the

pathogenesis of diabetes.
(39) 2. The Beta Cell Stress Response and Translation Regulation

(40) Whilst analysing the molecular mechanism of endoplasmic reticulum stress induced
apoptosis in the islets of Langerhans of wfs1 gene deleted mice, it was discovered that the

expression of translation initiation factor elF4E-binding proteinl: 4e-bp1) increaseds.

(41) The increase in 4E-BP1 was not only observed in the islets of Langerhans of Wfs1 gene
deleted mice but was also observed in the islets of Langerhans of Akita mice where
pathogenesis of diabetes was generated through endoplasmic reticulum stress caused by

insulin secretion dysfunction.

(42) Evidence that the increased expression of 4E-BP1 that occurs as an endoplasmic
reticulum stress response is caused by the transcription activation of 4E-BP1 by the master

transcription factor for the stress response, ATF4.
(43) The binding region of ATF4 was found within intron 1 of the 4E-BP1 gene.

(44) In order to analyse the significance of 4EBP1 induction in WFS1 gene deleted mice and
Akita mice, a second generation cross was created by cross-breeding either the Akita mice

or Wfs1 deleted mice with the 4E-BP1 gene deleted mice.
(45) The F2 mice were then analysed.

(46) It was observed that in either case, whether crossbred with an Akita mouse or WFS1
gene deletion mouse, the lack of 4E-BP1 caused advancing beta cell damage and worsened

glucose intolerance.

(47) The regulation of protein synthesis in beta cells under endoplasmic reticulum stress is

beneficial to long-term survival and it is thought that 4E-BP1 fulfils this role.
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(48) Conclusion
(49) There is no doubt that beta cell damage is essential to Type 2 diabetes pathogenesis.

(50) However, it is thought that there are two factors contributing to this: a decrease in beta

cell mass as well as beta cell dysfunction.

(51) Dysfunction in calcium movement within the cell due to Wsfl gene mutation causes a

decrease in insulin secretion alongside an acceleration of apoptosis.

(52) It is thought that just one type of cell dysfunction will have an effect on both cell
survival and also the highly specialised function of insulin secretion to a greater or lesser

extent.

(53) For future research, | would like to endeavour to elucidate a comprehensive view of the
mechanisms of insulin secretion and cell death in beta cells, further the understanding of

the disorder of type 2 diabetes in order to use this knowledge to treat diabetes.
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Text 3: Watada, Hirotaka (2009) ‘4 b 4 Jitd 25 f& 0 B A4 (2 BY & 2 #/F 5T [The Clinical
Application of the Mechanism for Regulating Beta Cell Mass in the Treatment of Type 2
Diabetes], ##/& /% [Diabetes] 52(11): 881-883.

(1)The Lilly Research Award

(2)The Mechanism for Regulating B-Cell Mass

(3) Hirotaka Watada

(4) IPF-1

(5) Our initial research question was whether insulin expression was confined to pancreatic
b-cells.

(6) The first step to answer this question was to investigate the mechanism for the
regulation of insulin gene transcription.

(7) Accordingly, we decided to focus the investigation on Insulin Promoter Factor-1 (IPF-1), a
transcription factor which binds to the insulin gene promoter region.

(8) We found that IPF-1 binds to the glucose sensor of the b-cells, the pancreatic beta cell
glucokinase gene or the IAPP gene promoter region and activates the transcription of the
respective genes 1),

(9) However, the investigation into the mechanisms of regulating gene expression at the
time was carried out mainly using reporter gene assays and gel shift assays.

(10) However, in order to investigate whether IPF-1 actually does bind to the respective
gene promoters which are present on the genome and cause this activation of the gene

expression further data was necessary.

(11) Therefore, we forced the IPF-1 gene to be expressed exogenously in a pancreatic a cell
line: aTC1.

(12) Once expressed, we discovered that, albeit in the presence of extremely low levels of
Betacellulin, this induced the expression of genes specific to pancreatic b cells: insulin,

glucokinase and IAPPy).
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(13) This means that, in accordance with our initial research objectives, this provides strong
evidence that IPF-1 directly activates the expression of each type of pancreatic b cell specific
genes.

(14) For example, if endogenous cells which express the insulin gene can be called to be
varieties of pancreatic b cells, then in addition, in consideration of the result of this
experiment it could be interpreted that the expression of IPF-1 causes non-pancreatic b cells
to become a variety of pancreatic b cells.

(15) If we assume the aforementioned, then in the near future, the method of inducing
differentiation using transcription factors to change the endogenous gene expression could
be used in a trailblazing new method to treat diabetes sufferers with insufficient levels of b
cells by replenishing the b cells.

(16) In order to achieve this, it is necessary to approximate the intracellular gene expression
patterns of pancreatic B cells as closely as possible.

(17) To achieve this objective, it can be considered imperative to elucidate the physiological
developmental process of pancreatic B cells and then imitate this process in order to devise
a method of inducing pancreatic B cell differentiation.

(18) Furthermore, at around the same time that these research results were announced, the
term IPF-1 was consolidated into being synonymous with the term Pdx1 and it was

announced that Pdx1 is a causative gene of MODY.

(19) The pancreatic B cell development and differentiation process and the transcription
factor cascade

(20) Next, the author came to be involved in research into the elucidation of the
transcription factor cascade which regulates that pancreatic B cell developmental process.
(21) The pancreas is derived from one embryological germ layer, namely the epithelial cells
of the endoderm.

(22) This section of cells become pancreatic endocrine precursor cells.

(23) These pancreatic endocrine precursor cells then goes through numerous steps of
differentiation to become a mature pancreatic B cell.

(24) 1t is thought that the expression of Pdx1 fulfils a considerable role in the development
of pancreatic precursor cells through the differentiation of the pancreatic endoderm

epithelial cells into pancreatic precursor cells.
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(25) One of the transcription factors which is involved in the differentiation of pancreatic
precursor cells into endocrine cells is Neurogenin-3 (Ngn3).

(26) Our team elucidated the mechanism for regulating the expression of theNgn3 gene.
(27) It was discovered that transcription factors which are expressed in the endoderm such
as HNF3B and HNF6 as well numerous signalling pathways such as Notch signalling, Activin
signalling and HGF signalling have an extremely complex involvement in the gene expression
of Ngn3s.

(28) On the other hand, upon the examination of the mechanism for regulating the gene
expression of the pancreatic B cell differentiation factors Pax4 and Nkx2.2 it seemed that
when Ngn3 was expressed these transcription factors were also automatically expressed.
(29) It was thus shown that the Ngn3 and HNF groups of transcription factors regulate gene
expression through synergistic actiona,

(30) On the other hand, it was discovered that the mechanism for gene regulation, including
the mechanism of post transcriptional regulation of the transcription factor Nkx6.1, which
lies downstream from transcription factor Nkx2.2, is extremely intricately regulatedsg.

(31) Furthermore, it was disclosed that the potent insulin gene transcription activator MafA
lies downstream of Nkx6.1.

(32) Thereupon, we attempted to induce differentiation of non-pancreatic B cells into
pancreatic B cells through this complex mechanism for regulating gene expression and by
classifying the crucial transcription factors in pancreatic B cell differentiation Pdx1, Ngn3
and Nkx6.1.

(33) The cell line model for pancreatic precursor cells AR42J-B13 cells expressed Pdx1 from
the offset.

(34) The expression of Nkx2.2 and Pax4 was observed when the AR42J-B13 cells were forced
to express Ngn3.

(35) Insulin expression was not observed when there was forced expression of Nkx6.1.

(36) Instead, it was when there was forced expression of MafA that insulin expression was
clearly observeds.

(37) At precisely the same time as the publication of this paper, Melton et al. published a
paper in Nature that they succeeded in inducing differentiation into pancreatic 8 cells by
forcing the expression of Pdx1, Ngn3 and MafA in exocrine cells.

(38) From these results it is strongly suggested that the elucidation of the mechanism for
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the development and differentiation of pancreatic B cells and the gathering of extensive
information on this mechanism could be useful in the establishment of a new future

technique to induce differentiation into pancreatic {3 cells.

(39) Increasing the cell mass of existing pancreatic 8 cells

(40) - Explanation of the factors influencing pancreatic  cell mass-

(41) Methods of inducing pancreatic B cell differentiation such as the above are valuable in
the development of a future therapy to treat cases of diabetes where the pancreatic 8 cell
mass is in decline.

(42) Another strategy is increasing pancreatic B cell mass involves elucidating of the factors
which influence pancreatic  cell mass.

(43) Then, if these factors act as an agent to decrease the diabetic state then it is thought
that it would be possible to establish a new therapeutic technique for type 2 diabetes
through supplementing these factors.

(44) Accordingly the first thing that attracted research attention was the vasculature of the
pancreatic islets of Langerhans.

(45) It is established that when pancreatic B cell mass increases in healthy individuals then
the vascular density of the islets of Langerhans increases, whilst under the same conditions,
the vascular density of the islets of Langerhans decreases in individuals with type 2 diabetes.
(46) In other words, although there is an evident correlation between the islets of
Langerhans vasculature and pancreatic B cell function, it is not clear whether this pertains to
a causative relationship or whether it is just mere correlation.

(47) Thus, using a model of vascular insufficient islets of Langerhans we investigated
pancreatic B cell function through the use of pancreatic B cell specific vascular endothelial
growth factor (VEGF)-A knockout mice.

(48) As a result it was shown that although the vasculature of the pancreatic B cells is crucial
in normal pancreatic B cell function, it is unrelated to pancreatic B cell mass in a steady
state.

(49) Moreover, although essential for an increase in the function of bone marrow
transplanted pancreatic  cell mass normal vasculature was not required for the mechanism
of increasing pancreatic B cell mass because of insulin resistancess.

(50) The next focus of research was the mechanism of autophagy.
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(51) Autophagy has an important function in the process of intracellular cleaning by
removing unnecessary proteins.

(52) Although, insulin resistance induces autophagy, in analysing the state of autophagy
within pancreatic B cells, results were obtained that suggested that there was an autophagy
deficiency in the pancreatic B cells of diabetic mouse models including db/db mice.
(53)Next, in order to investigate the significance of autophagy in pancreatic 8 cells,
pancreatic B cell specific autophagy-specific gene 7 (ATG7) knockout mice were created by
knocking out the pancreatic B cell specific form of ATG7, which is essential in the mechanism
of autophagy.

(54) As a result, it was suggested that a deficiency of constitutive autophagy causes a
reduction in glucose stimulated insulin secretion through a reduction in mitochondrial
adenosine-5-triphosphate (ATP) productivity.

(55) Moreover, it was found that induction of autophagy triggered by insulin resistance is a
necessary mechanism for increasing pancreatic B cell mass through the promotion of the
proliferation of pancreatic B cells and the suppression of apoptosisio.

(56) To summarise the above, it was proven that the autophagy deficiency observed in the
pancreatic B cells of type 2 diabetic mouse models causes the reduction in insulin secretion
in response to glucose.

(57) It was also proven that an autophagy deficiency could also cause the insulin resistance-
induced impairment in increasing pancreatic B cell mass.

(58) If it is possible to improve pancreatic B cell autophagy deficiencies then this research

could be applied to a radical cure for type 2 diabetes in future.

(59) Conclusion
(60) Under the encouragement offered to me by the award of the Lilly prize, | will continue
to engage in research related to finding a cure for diabetes and the elucidation of the

pathology of pancreatic B cells in individuals with diabetes.
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Appendix C: Restructured texts including original sentence numbers and
additions/editing in red

Text 1: Yamamoto, Hiroshi (2014) ‘¥ JRI5 & HHAE D ekl « SR EE « e iR B 4 2 FEmE it
%%’ [Fundamental Research on the Causes, Pathology and Subjugation of Diabetes

Complications], ##/K % [Diabetes] 57(10): 765-711.
(2) Winner of the Hagedorn Prize: Hiroshi Yamamoto

(1) Fundamental Research on the Causes, Pathology and Subjugation of Diabetes

Complications

Abstract

The decline in B cell mass and vascular complications associated with Type 2 diabetes is well
established. Although no viable therapies are currently available, a primary factor associated
with these changes, the AGE-RAGE pathway, has become a promising therapeutic target. In
this paper we use transgenic mice that overexpress or lack the RAGE gene to investigate the
relationship between the AGE-RAGE interaction and diabetic complications. We explore two
potential therapies through the creation of a decoy RAGE protein and a RAGE antagonist. Our
results show a definite relationship between the AGE-RAGE interaction and diabetic
complications with RAGE contributing to the apoptotic-induced reduction in 8 cell mass and
impaired glucose tolerance associated with Type 2 diabetes. In identifying a potential therapy,
we successfully promoted the solubilisation of membrane-bound RAGE by increasing cAMP
concentration. We also successfully identified potential RAGE antagonists in the form of low-
molecular weight RAGE, using this information to assess the agonist/antagonist activity of
AGE-derived food products. The results presented in this paper offer highlights the viability
of using AGE-RAGE as a therapeutic target to develop a potential therapy to treat Type 2

diabetes and its complications.

(3) Introduction

(10) In the 1990s(11) the co-cultivation of constituent vascular cell types was established

within vascular biology. Using this technique, it was found that pericytes inhibit the
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proliferation of endothelial cells while preserving the production of prostacyclin and
preventing endothelial cell damage by lipid peroxidesa. (12) This discovery gave an insight into
why neovascularization and pericyte loss are observed simulatenously in cases of diabetic
retinopathy. However, the primary factor (13) that induces the characteristic changes
observed in every type of vascular cell in those with diabetes had not been identified. (14) In
order to determine this instigator, an axenic culture of endothelial cells and pericytes was
used to test the effect of a variety of environmental factors. This investigation identified the

factor as advanced glycation end products (AGE)s,I. (Figure 1)

(15) AGE is the term used to describe the product formed following an irreversible non-
enzymatic reaction between the carbonyl group on a sugar and the amino group on a protein
impairing its functionality. (17) Glucose despite being an efficacious source of respiratory
derived energy still has the issue of glycation. (16) Accordingly, the process of AGE formation
and accumulation is accelerated by a chronic hyperglycaemic state. (18 replaced) As diabetes
sufferers are characterised by a hyperglycaemic state it is not surprising to find that AGE

formation is associated with diabetes and is an evitable complication of the disease.

(20) It is thought that a degree of AGE derived complications associated with vascular cells is
caused by interaction with the specific receptor for AGE (RAGE). (21) RAGE is classified as a
pattern recognition receptor which is recognised as a ligand by various pathogen-associated
molecular patterns (PAMP) and damage- associated molecular patterns (DAMP) (Figure 2a).
The AGE-RAGE interaction is considered to be a potential contributor to (33) the established
cell dysfunction in pancreatic B cells within the islets of Langerhans and the decline in B cell
mass which accompanies the progression of Type 2 diabetes. Thus firstly, this paper seeks to
further clarify the relationship between AGE-RAGE, decline in beta cell mass and consequent

diabetes complications.

Despite the hypothesis that AGE-RAGE interaction is a potential therapeutic target in the
treatment of Type 2 diabetes there have been no viable therapies developed as of yet. It is
proposed that the first theoretically conceivable strategy is to inhibit (48) the formation of
AGE. (51) Interestingly, it has been reported that angiotensin receptor blocker (ARB) has AGE
inhibiting activityl. (49) However, the mechanism of action for the majority of currently
developed AGE inhibitors is to target the covalent bonds of intermediate compounds

generated during AGE formation. (50) These intermediate compounds requires therapeutic
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concentrations close to an equimolar which results in stoichiometric issues. Another option
that has been explored is the development of (52) a drug to break down already formed AGE.
(53) This type of drug belongs to a category of drugs called AGE breakers. (54) However, an

AGE breaker which is sufficiently efficacious at breaking down AGE is yet to be developed.

Two promising forms of targeting the AGE-RAGE interaction are firstly, the addition of (58) an
extracellular decoy receptor for AGE that protects the vascular cells and secondly (62) the

invention of a RAGE antagonist.

The current paper will firstly further analyse and investigate the role of the AGE-RAGE
interaction and its associated pathways in the decline of beta cell mass and the appearance
of diabetes complications. Secondly, this paper will investigate and critically analyse the
potential of proposed therapeutic targets for disrupting the AGE-RAGE interaction including

decoy RAGE targets and RAGE antagonists.

Method
2.1

(22) Transgenic mice that over-expressed RAGE within their vascular cells and mice that
endogenously lacked the RAGE gene were created in order to investigate the relationship
between AGE-RAGE and diabetic complications. (23) Diabetes was then induced within the
mice and the resulting complications analysed.(28) Next, the transcriptional regulatory

mechanism for the human RAGE gene was investigatedl.

Following the investigation of the transcriptional regulatory mechanism for the human RAGE
gene, an (34) investigation was carried out to find out whether there is a connection between
the AGE-RAGE interaction and Type 2 diabetes pathogenesis. The cell surface of normal
pancreatic B cells were analysed in animal models of type 2 diabetic mice including ob/ob
mice and db/db mice for RAGE proteins. An age variable was also introduced. The db/db RAGE
deficient mice were then crossbred. (39) Non-esterified fatty acids and leptin receptor
antagonists were then administered to MIN-6 cells, causing them to induce the expression of
RAGE proteins on the cells’ surface. This was followed by a study into the relation of RAGE to

other pathologies using a subacute inflammation mechanism.
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2.2 Next ways of targeting AGE-RAGE interaction were investigated. The first therapeutic
target investigated was the invention of a decoy RAGE protein. A (59) decoy RAGE protein
was identified and named endogenous secretory RAGE (esRAGE) by screening of human
vascular cell polysomes. It was then formed through alternative RNA splicingaz. Next, the
feasibility of creating soluble RAGE was investigated. This was achieved through (60) MM9
induced ectodomain shedding by increasing the concentration of intracellular cyclic AMPjg.

This process induced membrane-bound RAGE proteins to convert into soluble RAGE proteins

The next option explored was (62) the invention of a RAGE antagonist. (63) Analysis of
fluorescence resonance energy transfer (FRET) was carried out using RAGE antibodies, whilst
undergoing ligand stimulation. Then, (65) a pharmacological assessment was carried out in
which low-molecular weight AGE of a maximum molecular weight of 300 was prepared and
investigated for signs of antagonist activityas. Following this analysis (65) using the three-
dimensional structure of the human RAGE protein established in earlier researchag. (66) low-
molecular weight compounds were screened in silico by their structural information. A
pharmacological assessment ensued in order to identify potential agents. Finally, (72) an
assessment of RAGE as an agonist/antagonist was carried out using the aforementioned

screening method. Soy sauce, coffee, red wine and cola were used within this assessment.

Results

3.1 Analysis of the transgenic mice for diabetic complications (24) revealed that both the
indexes for diabetic nephropathyg and diabetic retinopathyig increased in species that
overexpress RAGE (Figure 2B and 2C) (25) whilst RAGE deficient mice did not develop any
symptoms (Figure 2D). (26) These results indicate that there is a functional interaction

between the pathogenesis of diabetes complications and the AGE- RAGE interaction.

Investigations into (28) the transcriptional regulatory mechanism of the human RAGE gene
(29) showed that AGE activates the transcription factor nuclear factor-kB (NF-k B) as well

as promoting the transcription of the RAGE gene establishing a positive feedback loop. (30)
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This research forms the molecular basis for the apparent constitutive RAGE expression and
AGE-RAGE colocalization in the observed diabetic state. (31) The NF-k B intermediary pathway
is considered to be particularly important in regard to diabetes among the numerous RAGE-

flanking signalling pathways.

In analysing (34) the connection between AGE-RAGE and the aforementioned aspects of Type
2 diabetes pathogenesis, (35) the surprising discovery was that the RAGE protein was not
detected on the cell surface of normal B cells 12. (36) However, in animal models of type 2
diabetic mice, the ratio of RAGE protein positive pancreatic@p cells within ob/ob mice and
db/db mice was observed and increased with age. (37) It was discovered that when the db/db
RAGE deficient mice were crossbred, the apoptosis induced reduction in B cell mass and

impaired glucose tolerance associated with diabetes improved (Figure 4).

(38) However, the most remarkable observation was cell death due to AGE exposure. (39) In
this analysis, free fatty acids and leptin receptor antagonists were administered to MIN-6 cells
which caused the MIN-6 cells to induce the expression of RAGE proteins on the cells’ surface,

and promoted cell death when exposed to AGE.

(42) There were various discoveries concerning RAGE and its relationship to the epithelial-
mesenchymal transition using a subacute inflammation modelizia (43) in addition to
discoveries concerning RAGE specifically recognising phosphatidylserine and its involvement
in the phagocytosis of apoptotic cells. (44) Moreover, interdisciplinary research demonstrated
that both RAGE deficiency and soluble RAGE overexpression significantly suppresses the

uptake of amyloid B 1-42 peptide into the brainjs.

(46) This supports the hypothesis that AGE-RAGE can be considered as a possible target for
treatment for all kinds of human diseases including diabetes and the complications associated

with diabetes.

3.2 Initial efforts to identify potential AGE-RAGE therapeutic treatments (59) focused on
establishing a decoy RAGE protein. An endogenous secretory RAGE (esRAGE) was created by
screening the polysomes for human vascular cells and splicing it with alternative RNA. (60) It

demonstrated that it possible to cause membrane-bound RAGE proteins to become soluble
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through ectodomain shedding by MMP9 when the concentration of intracellular cyclic AMP

is increased.

The second method investigated was (62) the invention of a RAGE antagonist. (63) Analysis
of fluorescence resonance energy transfer (FRET) was carried out using RAGE antibodies.
There was no change in fluorescence intensity originating from what is believed to be a RAGE
monomer. However, at the same approximate time of ligand stimulation, the fluorescence
intensity, which is believed to originate from an oligomer, increased. (64) It is thought that
the intracellular signals sent from agonist ligands make the RAGE receptors oligimerize. (65)
So, when a subsequent pharmacological assessment was carried out in which low-molecular
weight AGE of a maximum molecular weight of 300 was prepared, it was discovered that low-
molecular weight AGE showed signs of RAGE antagonist activityig. Next, (65) the three-
dimensional structure of the human RAGE protein established in earlier collaborative
research, was used in order to screen low-molecular weight compounds in silico based on
their structural informationpg. Through subsequent pharmacological assessment, (66) several

potential agents which showed RAGE antagonist activity were obtained.

Finally, using the previous research as a basis, (72) an assessment of RAGE as an
agonist/antagonist was carried out. (73) It was found that soy sauce, coffee and red wine
neutralised the RAGE agonist activity of the high molecular weight AGE and that it was low-

molecular weight fractions that reversed the activity into becoming that of a RAGE antagonist.

Discussion

4.1 Our investigations found that (36) the ratio of RAGE protein positive pancreaticBp cells
within ob/ob mice and db/db mice increased with age. Moreover we found that (37) when
the db/db RAGE deficient mice were crossbred, the apoptosis induced reduction in B cell
mass and impaired glucose tolerance that is associated with advancement of diabetes

showed signs of improvement (Figure 4).

(40) The above results are in line with prevailing theories on the mechanism behind pancreatic
B cell deficiency which is associated with Type 2 diabetes. These theories postulate that free

fatty acids and AGE at least play a part in the lipotoxicity and glucotoxicity contributing to the
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mechanism of B cell deficiency. Thus these results also support the targeting of AGE-RAGE in

order to treat type 2 diabetes.

4.2 (75) The interaction between RAGE and its ligands, including AGE is now considered to be
one of the causes of diabetic angiopathy and B cell failure in diabetes. (76) Accordingly they
are considered to be the primary, secondary and tertiary targets for prevention of these

disorders.

In our study, several potential agents which showed RAGE antagonist activity were obtained.
This could represent an important step in the development of an AGE-RAGE therapeutic

target.

(70) Conventionally, the dominant view has been that food derived AGE is regarded as
harmful to health. (67-68) The taste of varieties of food products which are rich in AGE
partially originates from AGE itself. This includes the colour, aroma and flavour of AGE rich
food. (69) Of the intake of food derived AGE, approximately 10% is absorbed into the blood
stream. Yet after 48 hours 70% of the AGE consumed remains within the bodyl. (71) Thus, it
is also thought that further investigation into the biological effects of AGE in food products is

required before the development of an RAGE antagonist.

However, to conclude, (77) there is great reason to hope that the development of a RAGE
antagonist drug or a method of inducing the production of a decoy variant of the RAGE protein
will soon become a reality. These developments could mean the elimination of diabetes

complications in the near future.
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(1b) The molecular mechanism of pancreatic beta cell damage in the pathogenesis of Type

2 diabetes
Abstract

Type 2 diabetes is a complex disease caused by impaired insulin secretion by the pancreatic
beta cells, complicated by insulin resistance in the skeletal muscle, adipose tissue and liver.
There has been mounting academic interest into insulin resistance. However, there is still not
a comprehensive view of the mechanism of insulin secretion in response to glucose, or the
mechanism of beta cell apoptosis and its association with endoplasmic stress. We analysed
the insulin secretion response upon the introduction of different genes using genetically
engineered MING cells. wfs1 disrupted mice were analysed and crossbred to investigate the
beta cell stress response. We found that the forced expression of necessary transporter
proteins resulted in insulin secretion in response to nutrients other than glucose. Pyruvic acid
was also found to be intertwined within the explanation of the mechanism of insulin secretion
and its glucose specificity. We found that expression of elF4E-binding protein 1: 4e-bpl
increased under endoplasmic reticulum stress-induced apoptosis and a lack of 4E-BP1 caused
advancing beta cell damage and worsened glucose intolerance. This indicated that 4E-BP1 is
beneficial to long-term survival of beta cells, as it regulates protein synthesis in beta cells
under endoplasmic reticulum stress. Our research provides new perspectives on the
mechanisms of insulin secretion and cell death in beta cells and how these factors contribute

to diabetes pathogenesis, thereby offering potential new therapeutic targets.
1. (3) Introduction

1.1

(4) Type 2 diabetes is a complex disease in which insulin secretion from the pancreatic beta

cells is impaired. It is complicated by insulin resistance in the skeletal muscle, adipose tissue
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and liver which results in the pathogenesis and progression of the disease. (5) Since the 1990s
there has been mounting academic interest into insulin resistance. In order to research
insulin resistance islets of Langerhans need to be isolated. However the process of (6) isolating
the islets of Langerhans or pancreatic beta cells is extremely complicated. (7) A lack of these
resources in large quantities can become a major stumbling block for the progression of
diabetic research. (9) Fortunately, in 1990 the MING6 cell, which is still currently used globally
and considered the most typical insulin-secreting cell line, was created. (10) This solved the
issue of obtaining sources of research materials for investigation into beta cell function and

insulin resistance.

(112) It has been noted that at the stage of initial pathogenesis of Type 2 diabetes, or at the
stage of impaired glucose tolerance, there is frequent latent excessive response to insulin
secretion. This has meant that it is not possible to observe the absolute amount of beta cell
decline. (12) Thus, since the first half of the 1990s, there has been a shift in research interest.
The prevailing view became to make the research target the abnormalities in the mechanism
for recognising glucose concentration, rather than researching the decline in amount of beta

cells resulting in abnormalities.

Despite this shift in research interest, there is still not a comprehensive view of the
mechanism of insulin secretion in response to glucose. (13) The present study seeks not only
to assist in elucidating the details of the mechanism for glucose concentration recognition in
beta cells but also assist in the treatment of type 2 diabetes through the treatment of insulin

secretion disorders.
1.2

(32) Wolframin’s Syndrome, a disease which Tanizawa et al. discovered, is caused by a
mutation in the wfsl gene. It is linked with defects in the endoplasmic reticulum stress
response and a reduction in beta cell mass. A study which analysed (33) the islets of
Langerhans of wfs1 disrupted mice found that glucose stimulated insulin secretion became
dysfunctional and that the process of insulin secretion is connected to a dysfunction in
calcium movement within beta cellss. (34) Moreover, it was also observed that there is
acceleration of the endoplasmic reticulum stress response in conditions in which there is a

lack of the wfsl protein. (35) From this, it has become evident that under wfsl deficient
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conditions, it is likely that beta cell apoptosis will be induced ;. (36) It is now hypothesised
that one of the causes of this acceleration in the endoplasmic reticulum stress response is the
dysfunction of calcium movement within the beta cells of wfs1 disrupted mice. (37) In other
words, as well as a decline in the functionality of insulin secretion in the islets of Langerhans
of wfs1 disrupted mice, there is also a decrease in pancreatic beta cell mass due to accelerated
apoptosis. (38) It is thought that these two factors lead to hyposecretion of insulin, which in
turn results in the pathogenesis of diabetes. The current study seeks to further elucidate the
details of the mechanism of beta cell endoplasmic reticulum stress induced apoptosis in order

to attempt to prevent hyposecretion of insulin.

Method
2.1

(15) In order to investigate the mechanisms of insulin secretion in response to a variety of
nutrients including glucose, techniques of genetic engineering were applied. (14) Analysis
using MING6 cells which incorporate genetic engineering technology was carried out. This
analysis tested how the insulin secretion response changed upon introduction of different
kinds of genes. (17) First, research efforts were focused on the enzymes in the glycolytic
pathway before (18) the efficacy of over expressing the glucose transporter GLUT1 which
uptakes glucose was analysed. Subsequently the overexpression of hexokinase |, which
carries out glucose phosphorylation, was testeds. (19) Finally, taking into account the link
between the glycolytic pathway and mitochondrial metabolism, the effect of forcing
uncoupling protein 14 (UCP1) expression, (20) which has a suppressive role in the production
of glycerol-3-phosphate dehydrogenase;, lactic dehydrogenases and adenosine 5'-

triphosphate (ATP), was analysed.
2.2

In order to examine (39) the beta cell stress response and the regulation of translation, (40)
the molecular mechanism of endoplasmic reticulum stress induced apoptosis in the islets of
Langerhans of wfs1 disrupted mice was analysed. Upon increased expression of translation

initiation factor elF4E-binding proteinl: 4e-bp1), (44) a second generation cross was created
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by cross-breeding either the Akita mice or wfs1 disrupted mice with the 4e-bp1 deleted mice,
(45) the F2 mice were then analysed (44) in order to ascertain the significance of 4e-bpl

induction.

Results
3.1

Investigations into the mechanisms of insulin secretions using the forced expression of UCP1
discovered that (21) the rate-determining step of the glycolytic pathway in pancreatic beta
cells was determined as the glucose phosphorylation process. It also determined the role of
the glucose sensor as regulating glycolytic flux. Furthermore, (22) it was found that there is a
highly functional association between the glycolytic pathway and mitochondrial metabolism.
(23) It was clarified that mitochondrial metabolism not only fulfils an important role for ATP,
but it also plays a pivotal position in the formation of insulin secretion signalling. (25) In the
process of engineering a nutrient-stimulated insulin secretion mechanism, it became clear
that in order to ensure that beta cells only responded to glucose, beta cells possess different
characteristics to other cells types within the islets of Langerhans. (26) Namely, it became
apparent that there were no transporters on the cell membranes of beta cells for types of
nutrients other than glucose in order to ensure that beta cells do not secrete insulin in
response to nutrients other than glucose. (27) In fact, dicarboxylic acid, an intermediary
product of the TCA cycle, forced the expression of dicarboxylic acid transporters. Upon
expression of the transporters, insulin secretion was observed in response to dicarboxylic
acids. (28) Pyruvic acid-stimulated insulin secretion was also observed in the islets of
Langerhans due to the forced expression of a transporter for pyruvic acids. This was an

interesting result which has tied pyruvic acid to the mechanism of insulin secretion.
3.2

(40) Upon analysing the molecular mechanism of endoplasmic reticulum stress induced
apoptosis in the islets of Langerhans of wfs1 disrupted mice, it was discovered that the
expression of translation initiation factor elF4E-binding protein 1: 4e-bp1 increaseds. (41) The

increase in 4e-bpl was not only observed in the islets of Langerhans of wfs1 disrupted mice
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but was also observed in the islets of Langerhans of Akita mice. Pathogenesis of diabetes was
generated in the Akita mice through endoplasmic reticulum stress caused by insulin secretion

dysfunction.

(42) Evidence was found that the increased expression of 4e-bpl, which occurs in the
endoplasmic reticulum stress response, is caused by the transcription activation of 4e-bp1 by
ATF4, the master transcription factor for the stress response. Moreover, (43) the binding site

for ATF4 was discovered within intron 1 of 4e-bp1.

After creating two second generation mice crosses by cross-breeding either the Akita mice or
wfs1 disrupted mice with the 4E-BP1 gene deleted mice in order to analyse the significance
of 4e-bp1 induction, (46) it was observed that the lack of 4e-bp1 caused advancing beta cell
damage and worsened glucose intolerance in the F2 mice of both crosses. This is indicative
that (47) 4e-bp1 fulfils a role in the regulation of protein synthesis in beta cells under
endoplasmic reticulum stress. This regulation of protein synthesis is significant as it is
beneficial to the long-term survival of beta cells and therefore beneficial in the prevention of

beta cell apoptosis.

Discussion
4.1

(25-26) From our results it is clear that beta cells possess different characteristics to other
cells within the islets of Langerhans, due to their lack of transporters in the cell membrane.
The resulting insulin secretion from forced expression of membrane transporters offers
further insight into mechanisms of inducing insulin secretion and suggests that cells which are
normally unresponsive to certain nutrients could be activated by expressing the protein
needed for the metabolism of that nutrient. (28) This result is further compounded by the
unexpected observation that the forced expression of a carrier for pyruvic acid caused the
islets of Langerhans to secrete insulin in response to pyruvic acid. This is a result which has
paradoxically tied pyruvic acid to an explanation of the mechanism of insulin secretion (24)

and its glucose specificity.

4.2
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(49) There is no longer any doubt that beta cell damage is essential to Type 2 diabetes
pathogenesis. (50) However, it is now thought that there are in fact two factors contributing
to this: a decrease in beta cell mass as well as beta cell dysfunction. As discussed, (51)
dysfunction in calcium movement within the cell due to wsfl gene mutation causes a
decrease in insulin secretion, in addition to an acceleration of apoptosis caused by a lack of
4e-bpl. From these results, (52) it is now thought that just one type of cell dysfunction will
have an effect to a greater or lesser extent on not only cell survival but also on the highly
specialised function of insulin secretion. These results thus provide a potential therapeutic

target for treating type 2 diabetes in 4e-bp1.

The aforementioned research has contributed to advancing the understanding of mechanism
of insulin secretion, loss of beta cell mass and the pathogenesis of type 2 diabetes. (53)
Moving forward, | would like to endeavour to elucidate a comprehensive view of the
mechanisms of insulin secretion and cell death in beta cells, to further the understanding of

type 2 diabetes and then apply this knowledge in the treatment of type 2 diabetes.
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Abstract

Diabetes, a disease caused by a lack of insulin secretion, is among the top-ten causes of death
globally. However, a viable method of increasing insulin secretion is yet to be established. In
order to establish this method, the gene expression patterns of pancreatic B cells must be
established by elucidating their developmental process, allowing this process to be imitated
to induce pancreatic B cell differentiation and increased beta cell mass. We analysed AR42)-
B13 cells and various mouse models in order to identify crucial transcription factors which
control pancreatic B cell differentiation and influence cell mass. We found and classified the
mechanism of insulin gene regulation and used it to transform non-pancreatic B cells into
pancreatic B cells. We also established the roles of the vasculature of the pancreatic B cells
and autophagy in increasing B cell mass. The results discussed in this paper provide a method
of inducing pancreatic B cell differentiation which is likely to have clinical applications in the
development of a therapy to treat diabetes and also provide possible therapeutic targets for

increasing B cell mass which could offer a radical cure for type 2 diabetes.

Introduction
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Diabetes is a disease defined by the hypo- or complete impairment of insulin secretion, which
results in hyperglycaemia. This lack of insulin secretion causes various complications, making
diabetes one of the top ten leading causes of death globally. This in turn has resulted in an
influx of research interest into the establishment of a method for increasing insulin secretion.
In order to establish a method of promoting insulin secretion, previous research has
addressed whether (5) insulin expression is confined to pancreatic B cells (6) by investigating
the regulatory mechanism of insulin gene transcription. (7) Accordingly, the focus of
investigation was on Insulin Promoter Factor-1 (IPF-1), a transcription factor which binds to
the insulin gene promoter region. (18) The term IPF-1 has since been replaced by the term
Pancreatic and Duodenal Homeobox 1 (Pdx1). (8) It was found that IPF-1/Pdx1 binds to the
promoter regions of the glucokinase (a glucose sensor in the pancreatic B cells) or the
promoter region of islet amyloid polypeptide (IAPP) genes stimulating their transcription. 1.
However, at the time of this study (9) investigation into the mechanisms of regulating gene
expression was mainly carried out using reporter gene and gel shift assays. (10) However, in
order to investigate whether IPF-1/Pdx1 actually does bind to the respective gene promoters
present on the genome and cause this activation of the gene expression, further data was
necessary. (11) Therefore, the exogenous expression of IPF-1/Pdx1 was forced in a pancreatic
a cell line, aTC1, and examined. (12) It was discovered that, once IPF-1/Pdx1 was expressed,
albeit in the presence of extremely low levels of Betacellulin, this induced the expression of
genes specific to pancreatic B cells: insulin, glucokinase and IAPP;). (13) This research, in
addition to the discovery that (18) IPF-1/Pdx1 is a causative gene of Maturity Onset Diabetes
of the Young (MODY) provided strong evidence that IPF-1/Pdx1 directly activates the
expression of each type of pancreatic B cell specific genes. (14) For example, if endogenous
cells which express the insulin gene can be induced into a type of pancreatic B cell, then in
consideration of the results of the aforementioned research, it could be interpreted that the
expression of IPF-1/Pdx1 can induce non-pancreatic B cells to become a type of pancreatic B
cell. (15) By building upon this research, it is conceivable that in the near future, this method
of inducing differentiation using transcription factors to change the endogenous gene
expression could be used in a trailblazing new method to treat diabetes sufferers with
insufficient levels of B cells by replenishing the B cells. (16) In order to achieve this, it is
necessary to approximate the intracellular gene expression patterns of pancreatic B cells as

closely as possible. However, in order to approximate pancreatic cell gene expression
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patterns (17), it is imperative to elucidate the physiological developmental process of
pancreatic B cells. Then this developmental process would need to be imitated in order to
devise a method of inducing pancreatic  cell differentiation. This paper seeks to first establish
(19) the pancreatic B cell development and differentiation process, identify the associated
transcription factor cascade and then establish the factors which (39) increase the cell mass
of existing pancreatic B cells. These discoveries could then be applied in a novel treatment for

type 2 diabetes where there is a decline in B cell mass.

Methods

(20) Initial research focused on elucidating the transcription factor cascade which regulates
that pancreatic B cell developmental process. Upon (32) classifying the crucial transcription
factors in pancreatic B cell differentiation Pdx1, Neurogenin-3 (Ngn3) and NK6 homeobox 1
(Nkx6.1) differentiation of non-pancreatic B cells into pancreatic B cells was attempted using
this mechanism for regulating gene expression in AR42J-B13 cells (33), the cell line model for

pancreatic precursor cells.

Next, research into (42) the factors which influence pancreatic B cell mass was carried out in
order to increase pancreatic B cell mass. This involved research into (44) the vasculature of
the pancreatic islets of Langerhans. (47) A model of vascular insufficient islets of Langerhans
was used in order to investigate pancreatic B cell function. This model used pancreatic B cell

specific vascular endothelial growth factor (VEGF)-A knockout mice.

Next, (50) the mechanism of autophagy was investigated. (52) The state of autophagy within
pancreatic B cells of diabetic mouse models, including db/db mice, was analysed. Then, (53)
in order to investigate the significance of autophagy in pancreatic B cells, pancreatic B cell
specific autophagy-specific gene 7 (atg7) knockout mice were created. These mice were
created by knocking out the pancreatic B cell specific form of atg7 which is essential in the

mechanism of autophagy.
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Results

(26) The mechanism for regulating the expression of the Ngn3 gene was elucidated. (27) It
was discovered that transcription factors such as HNF3B and HNF6, which are expressed in
the endoderm, as well numerous signalling pathways such as Notch signalling, Activin
signalling and Hepatocyte growth factor (HGF) signalling have an involvement in the gene
expression of Ngn33 which is extremely complex. (28) Upon examination of the mechanism
for regulating the gene expression of the pancreatic B cell differentiation factors Paired box
gene 4 (Pax4) and NK2 Homeobox 2 (Nkx2.2), it was found that Pax4 and Nkx2.2 were
automatically expressed when Ngn3 was expressed. (29) Thus it was shown that the Ngn3
and Hepatocyte nuclear factors (HNF) groups of transcription factors regulate gene

expression through synergistic actiona,

(30) It was also discovered that the mechanism for gene regulation, including the mechanism
of post transcriptional regulation of the transcription factor Nkx6.1 which lies downstream
from transcription factor Nkx2.2, is extremely intricately regulatedse. (31) Furthermore, it was

proven that the potent insulin gene transcription activator MafA lies downstream of Nkx6.1.

(32) After classifying the crucial transcription factors Pdx1, Ngn3 and Nkx6.1 in terms of
pancreatic B cell differentiation, differentiation of non-pancreatic B cells into pancreatic
cells was attempted in (33) the cell line model for pancreatic precursor cells AR42J-B13. It was
found that the AR42J-B13 cells expressed Pdx1 from the offset. (34) The expression of Nkx2.2
and Pax4 was observed when the AR42J-B13 cells were forced to express Ngn3. (35) Insulin
expression was not observed when there was forced expression of Nkx6.1. (36) Instead,

insulin expression was clearly observed when there was forced expression of MafAy.

Through an investigation using (VEGF)-A knockout mice(48) it was shown that although the
pancreatic B cells vasculature is crucial in normal pancreatic B cell function, it is unrelated to
pancreatic B cell mass in a steady state. (49) Moreover, it was found that although normal
vasculature is essential for an increase in the function of pancreatic B cells derived from a
bone marrow transplant, normal vasculature is not required for the mechanism of increasing

pancreatic B cell mass when due to insulin resistancess.
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(52) In analysing the state of autophagy within pancreatic B cells, results were obtained that
suggested that there was an autophagy deficiency in the pancreatic B cells of diabetic mouse
models including db/db mice. (53) In order to investigate the significance of autophagy in
pancreatic B cells, pancreatic B cell specific autophagy-specific gene 7 (ATG7) knockout mice
were analysed. This analysis (54) suggested that a deficiency of constitutive autophagy causes
a reduction in glucose stimulate insulin secretion through a reduction in mitochondrial
adenosine-5-triphosphate (ATP) productivity. (55) Moreover, it was also found that induction
of autophagy triggered by insulin resistance is a necessary mechanism for increasing
pancreatic B cell mass through the promotion of the proliferation of pancreatic B cells and
the suppression of apoptosisio. (57) It was also proven that an autophagy deficiency could
also cause the insulin resistance-induced impairment of the process of generating pancreatic

B cell mass.

Discussion

In order to establish a method of promoting insulin secretion, it is necessary to understand
the pancreatic B cell development and differentiation process and identify the associated
transcription factor cascade. (21) The pancreas is derived from one embryological germ layer,
namely the epithelial cells of the endoderm. (22) This section of cells become pancreatic
endocrine precursor cells. (23) These pancreatic endocrine precursor cells then go through
numerous steps of differentiation involving various transcription factors to become a mature
pancreatic B cell. (24) It has long been thought that the expression of Pdx1 fulfils a
considerable role in the development of pancreatic precursor cells through the differentiation
of the pancreatic endoderm epithelial cells into pancreatic precursor cells. Our research
elucidated both the mechanisms regulating the expression of the Ngn3 gene and its
relationship with Pax4 and Nkx2.2. It also proved that the potent insulin gene transcription
activator MafA lies downstream of Nkx6.1. This classification of the crucial transcription
factors in the pancreatic B cell process meant that differentiation of non-pancreatic B cells
into pancreatic B cells could be attempted. (38) The results of this attempt strongly suggest

that the elucidation of the mechanism for the development and differentiation of pancreatic
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B cells and the gathering of extensive information on this mechanism could be practically
applied in the establishment of a new future technique to induce differentiation into

pancreatic B cells.

Moreover, (37) at precisely the same time as the publication of this paper, Melton et al.
published a paper in Nature that they also succeeded in inducing differentiation into
pancreatic B cells by forcing the expression of Pdx1, Ngn3 and MafA but in exocrine cells.
Therefore (41) methods of inducing pancreatic B cell differentiation, such as those attempted
in this paper, are likely to be valuable in the development of a future therapy to treat cases

of diabetes where pancreatic B cell mass is in decline.

(42) Another strategy for increasing pancreatic B cell mass involves elucidating the factors
which influence pancreatic B cell mass. (44) The first area that attracted research attention
was the vasculature of the pancreatic islets of Langerhans. (45) It is already established that
when pancreatic B cell mass increases in healthy individuals then the vascular density of the
islets of Langerhans also increases. However under the same conditions, the vascular density
of the islets of Langerhans decreases in individuals with type 2 diabetes. (46) In other words,
although there is an evident correlation between the islets of Langerhans vasculature and
pancreatic B cell function, it is not clear whether this pertains to a causative relationship or
whether it is just mere correlation. In this paper it was found that although normal vasculature
is essential for an increase in the function of pancreatic B cells from a bone marrow transplant
it is not required for the mechanism of increasing pancreatic  cell mass when due to insulin

resistance.

(50) Next therefore the focus of research was the mechanism of autophagy. (51) Autophagy
has an important function in the process of intracellular cleaning by removing unnecessary
proteins. (52) Although, insulin resistance induces autophagy, in analysing the state of
autophagy within pancreatic B cells, (54) results were obtained that showed a deficiency of
constitutive autophagy causes a reduction in glucose stimulated insulin secretion through a
reduction in mitochondrial adenosine-5-triphosphate (ATP) productivity. It was therefore

suggested that (55) induction of autophagy triggered by insulin resistance is a necessary
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mechanism for increasing pancreatic B cell mass through the promotion of the proliferation
of pancreatic B cells and the suppression of apoptosis. (56) This means that the autophagy
deficiency observed in the pancreatic B cells of type 2 diabetic mouse models causes a
reduction in glucose stimulated insulin secretion and a reduction in the generation of beta

cell mass.

(43) It is thought that it would be possible to establish a new therapeutic technique for type
2 diabetes through supplementing the factors which influence pancreatic B cell mass. (58)
Therefore this research suggests that if we are able to improve pancreatic B cell autophagy

deficiencies then this could offer a radical new cure for type 2 diabetes in the future.

(60) In consideration of the encouragement offered to me by the award of the Lilly prize and
the promising research outlined above, | will continue to engage in research into finding a
cure for diabetes and into the elucidation of the pathology of pancreatic B cells in individuals

with diabetes.
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