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Investigating the Hormonal and Metabolic Pathways in Dry Eye Syndrome and Sjögren's Syndrome: A Comparative Analysis of Infection Exposure and Control Group

בחינת המסלולים ההורמונליים והמטבוליים בתסמונת העין היבשה ותסמונת סיוגרן: ניתוח השוואתי של חשיפה לזיהומים ולקבוצת ביקורת

A. Scientific Background: 	Comment by Hadas Ben Eli: גודי - לפי מטרות ספציפיות אבל שיהיה קשר בין הכל - כמו סיפור לוגי. לדבר על הprevalence של DES ולכן חשוב להבין פתופיזיולוגיה של המכללה. להכניס את שימוש במסכים כמבלבל או מתווך. 	Comment by Hadas Ben Eli: ולהכניס על הקשר בין EBV ל-DES	Comment by Hadas Ben Eli: ועל מטבולומיקה במחלות אלו


בשאלת המחקר על מטבולומיקה: 
1. אפשרות ראשונה: חיפוש ביומרקרים שגרמו למחלה וייתכן ומשתתפים בפתוגנזה של המחלה (חתך). 
2. אפשרות שנייה: אם יש בספרות מטבוליטים שנמצאו כקשורים לאחת מהמחלות האלו אז אפשר לציין זאת ואז אנחנו מתקפים מטבולטים ידועים, או אנו מחפשים גורמים ספיציפיים שגורמים לדלקת כיוון שידוע שדלקת היא שחקן חשוב. 
3. ואפשרות שלישית: גישה אגנוסטית של להתאים קשרים בין ביומרקרים שימצאו לבין המחלה – אפשר בעזרת ML. זה טוב אם אין השערה ברורה בין ביומרקר ספציפי. אך אם רוצים לבחון מסלול ביולוגי אז עדיף גישה סטטיסטית ולבחון למי מהביומרקרים יש קשר למחלה. 
הצדקה למחקר: אם ניתן יהיה לאבחן מחלה בקלות ע"ס בדיקה ביתית ויש תשובה אבחנית, וכן לראות גורמים סיסטמיים

B. Research objectives & expected significance:
Study Aims:
To elucidate the hormonal, metabolic, and infectious mechanisms underlying dry eye syndrome and Sjögren's syndrome by examining hormonal fluctuations, metabolic profiles, and viral associations. The study will assess these factors in comparison to healthy controls, providing a comprehensive understanding of their role in disease pathology.

Specific Aims:
1. To assess the Impact of Hormonal Changes on Dry Eye Syndrome Across Different Life Stages in Women
2. To analyze the metabolomic profiling in Dry Eye Syndrome, Sjögren's syndrome compared to controls in their serum, tears and saliva  
3. To explore the association of exposure Epstein-Barr Virus (EBV) with Dry Eye Syndrome and Sjögren's Syndrome as a risk factor for the development of these diseases 
Expected Significance:
This research is expected to provide key insights into the hormonal, metabolic, and infectious factors contributing to dry eye syndrome and Sjögren's syndrome. By elucidating the role of hormonal fluctuations during pregnancy and menopause, it may inform hormone-based treatment strategies. The metabolomic analysis could identify novel biomarkers that play a role in the pathogenesis of these diseases, for early diagnosis, possibility of self-diagnosis by these markers and personalized therapy. The investigation of Epstein-Barr Virus (EBV) associations may reveal viral contributions to disease pathogenesis, offering new avenues for prevention or immune-modulating treatments. Overall, the findings could significantly enhance diagnostic and therapeutic approaches for these common conditions.

C. Detailed description of the proposed research:
C.1 Working hypothesis:
We hypothesize that hormonal fluctuations, particularly those related to pregnancy, influence the severity and progression of dry eye syndrome. Additionally, distinct metabolomic profiles will be identifiable in patients with dry eye syndrome, offering insight into underlying metabolic dysfunctions and the pathogenesis of this disease. Lastly, we propose EBV exposure contributes to the pathogenesis of dry eye syndrome and Sjögren's syndrome through immunological or inflammatory mechanisms, resulting in higher viral seropositivity in affected patients compared to controls.


C.2 Specific Aims (SA):
SA1 To assess the Impact of Hormonal Changes on Dry Eye Syndrome Across Different Life Stages in Women: This aim involves a prospective study to investigate how hormonal fluctuations at key life stages—pre-pregnancy, during pregnancy, postpartum, and menopause—affect the development and severity of dry eye syndrome. We will recruit 30-50 women prior to pregnancy and follow them throughout the pregnancy and postpartum periods, collecting data on hormonal levels, dry eye symptoms (using the Ocular Surface Disease Index, OSDI), and objective clinical measures (Schirmer’s test, Tear Break-Up Time, TBUT). Additionally, a cohort of post-menopausal women will be included for comparison. By controlling for potential confounders such as screen exposure time, assessed through detailed questionnaires, the study aims to provide critical insights into how hormonal changes across different life stages influence the onset and progression of dry eye syndrome. This research will inform the development of hormone-based or stage-specific interventions for managing dry eye symptoms in women.
SA2 To analyze the metabolomic profiling in Dry Eye Syndrome and Sjögren's Syndrome compared to controls in their serum, tears, and saliva: This aim seeks to investigate the metabolomic profiles of patients with dry eye syndrome (DES) and Sjögren's syndrome (SS) compared to healthy controls. We have already collected serum samples from 91 SS patients, 105 DES patients, and 211 controls, which will be analyzed using metabolomic techniques to identify potential biomarkers and metabolic pathways associated with these conditions. In addition, we will recruit 20-30 new DES patients and collect serum, saliva, and tear samples to further investigate metabolomic signatures across different biological fluids. By employing advanced metabolomic analyses, such as mass spectrometry, this study aims to uncover unique metabolic markers and pathways that could provide new diagnostic tools and personalized treatment strategies for managing dry eye and Sjögren’s syndrome.	Comment by Hadas Ben Eli: אורה האם זמינות לנו הדגימות של הקונטרולות לשליחה למטבולומיקה? אצלי יש רק SS +DES אך לא בטוח שיש לכל ה-SS + DES סרום במצב לשליחה. אצטרך לבדוק. האם להתחייב על מספרים?  	Comment by Hadas Ben Eli: אצל טים יש דגימות של 91 SS, 102 DES, 190 Controls

SA3 To explore the association of exposure to Epstein-Barr Virus (EBV) with Dry Eye Syndrome and Sjögren's Syndrome as a risk factor for the development of these diseases: This aim will investigate the potential link between Epstein-Barr Virus (EBV) exposure and the risk of developing dry eye syndrome (DES) and Sjögren's syndrome (SS). We will assess serum samples from 91 SS patients, 105 DES patients, and 211 healthy controls for EBV exposure using a multiplex serology technique to detect EBV-specific antibodies. By comparing the prevalence of EBV seropositivity across these groups, we aim to determine whether prior EBV infection contributes to the development or exacerbation of these conditions. Establishing an association between EBV and these diseases could provide new insights into their etiology and open avenues for targeted antiviral or immunomodulatory therapies aimed at preventing or mitigating disease progression.
C.3 Research design & methods:
Research Design
This study is designed to explore the hormonal, metabolic, and viral factors associated with dry eye syndrome (DES) and Sjögren’s syndrome (SS) across three specific aims. We will utilize a prospective cohort approach, case-control design, and advanced laboratory techniques such as metabolomics and multiplex serology. The research will be divided into the following sections based on the specific aims:
· Specific Aim 1 (SA1): A prospective study will assess the effects of hormonal fluctuations on dry eye symptoms across different life stages in women.
· Specific Aim 2 (SA2): A case-control study will analyze the metabolomic profiles of DES and SS patients compared to controls in serum, tears, and saliva.
· Specific Aim 3 (SA3): A case-control study will explore the association between Epstein-Barr Virus (EBV) exposure and the development of DES and SS using multiplex serology.
All samples will be de-identified, and data will be analyzed anonymously to ensure participant privacy and compliance with ethical standards. Approval from relevant ethics committees and informed consent from all participants will be obtained.

Methods and Plan
SA1: Assessing the Impact of Hormonal Changes on Dry Eye Syndrome
Study Population and Recruitment: We will recruit 30-50 women pre-pregnancy from the general population. In addition, a cohort of post-menopausal women will be recruited. Recruitment will include young women from the Ultra-Orthodox campus at Hadassah Academic College, as we plan to apply for Institutional Review Board (IRB) approval to recruit from this population.
Study Timeline: Participants will be followed before, during, and after pregnancy, as well as during menopause. Hormonal profiles will be monitored at each stage.
Data Collection: Dry eye symptoms will be assessed using the Ocular Surface Disease Index (OSDI), and objective clinical measures will include Schirmer’s test and Tear Break-Up Time (TBUT). Hormone levels will be analyzed through blood samples at different time points.
Confounders and Mediators: Screen exposure time will be assessed using detailed questionnaires to account for its potential confounding effects.
Analysis: Hormonal changes will be statistically correlated with dry eye severity and progression, controlling for confounding factors.
SA2: Metabolomic Profiling in Dry Eye Syndrome and Sjögren’s Syndrome
Study Population and Recruitment: Serum samples from 91 SS patients, 105 DES patients, and 211 healthy controls have already been collected and their serum samples are kept at -80°. We will further recruit an additional 20-30 DES patients at Ophthalmology department of Hadassah Medical Center with diagnosis of moderate-severe DES to collect 100 µL of serum, 250 µL saliva, and 10-30 µL tear samples. These fluids will be allocated from the patients on the same day by an acceptable protocol (Appendix ?). The blood samples will be separated to serum and cells at ophthalmology department lab, and fluids of tears and saliva will be kept on -80° until shipping to the metabolomics lab.   	Comment by Hadas Ben Eli: להוסיף נספח עם פרוטוקול ללקיחת דם (מבחנה אדומה, סרכוז והקפאה), לקיחת רוק ולקיחת דמעות	Comment by Hadas Ben Eli: אופן לקיחת הדגימות: 
סרום: מבחנה אדומה, להפריד סרום ותאים ולהקפיא 80-. מינימום: 100 מיקל' 
רוק: יש פרוטוקול ללקיחת רוק (לא לאחר אוכל לפחות שעתיים), יורקים לתוך מבחנה ייעודית, להפריד ל500 מיקרוליטר או 1 מ"ל ולהקפיא. צריך לפחות 250 מיקרל'. 
דמעות: יש פרוטוקול – יש 2 דרכים עם מעין צינורית שנוגעים בנפח הדמעות ושואבים. ייתכן ומספיק 10-30 מיקל'	Comment by Hadas Ben Eli: יבוצע במעבדה של פרופ איתי חוברס או פרופ דרור שרון. האם צריך מכתב שת"פ מהם?
Data Collection: Biological samples (serum, saliva, and tears) will be analyzed using advanced metabolomic techniques, including mass spectrometry, to identify metabolic biomarkers.
Analysis: Metabolomic profiles of DES and SS patients will be compared to controls. Multivariate statistical methods will be used to identify biomarkers and pathways involved in disease pathology.
Outcome: The goal is to identify specific metabolic signatures that could serve as diagnostic biomarkers or therapeutic targets for DES and SS.
SA3: Exploring the Association Between Epstein-Barr Virus (EBV) and Dry Eye Syndrome/Sjögren’s Syndrome
Study Population: Serum samples from the previously mentioned cohorts (91 SS patients, 105 DES patients, and 211 controls) will be analyzed.
Data Collection: Multiplex serology will be used to measure EBV-specific antibodies and assess prior EBV exposure.
Analysis: We will compare EBV seropositivity rates between SS, DES patients, and controls. Statistical tests, such as logistic regression, will assess whether EBV exposure is a significant risk factor for DES and SS development.
Outcome: Establishing a potential viral link could lead to new avenues for preventive measures or targeted therapies.

Data Management and Long-Term Preservation Plan
All collected data and biological samples will be anonymized and securely stored. For the long-term preservation of the database, we will adhere to institutional policies and international standards for data management and protection. The data will be stored in secured, password-protected databases, accessible only to authorized research personnel.

Ethical Considerations and Approvals
We have received approval from the institutional Helsinki committee for this research (study #: HMO-0385-12), and informed consent has been obtained from participants whose serum samples have already been collected. For patients to be recruited in SA1 and SA2, we will submit an application for a modified protocol to the same Helsinki committee to obtain approval for additional recruitment. All newly recruited participants will sign informed consent prior to participation.
For SA1, we will also apply to the Institutional Review Board (IRB) committee of Hadassah Academic College for approval to recruit young women from the Ultra-Orthodox (Charedi) community, specifically from the college's Ultra-Orthodox campus. All procedures will comply with ethical guidelines, ensuring that participants are fully informed about the study, and their data and samples are handled with the utmost confidentiality.
This multi-faceted research plan, combining prospective cohort data, metabolomics, and virology, is designed to provide comprehensive insights into the hormonal, metabolic, and infectious mechanisms underlying dry eye and Sjögren’s syndrome.

C.4 Preliminary Data:
This study group has already established the majority of the methodologies required for Specific Aims 1, 2, and 3. Our previous research has laid a strong foundation for understanding the complex interactions between genetic, environmental, and immune factors in DES and SS. We have successfully employed advanced techniques such as multiplex serology, and our work has demonstrated the critical role of immune and viral factors in the pathogenesis of these conditions. For instance, we have previously recruited large cohorts of DES and SS patients and healthy controls, and conducted comprehensive analyses of their genetic profiles, metabolic biomarkers, immune responses and extensive epidemiological data of self-reported exposures and risk factors. 
In our earlier studies, we collected serum samples from 91 SS patients, 120 DES patients, and 211 controls to investigate genetic variations in inflammatory pathways and their associations with disease severity and exposure to risk factors gained by an extensive questionnaire. These samples were analyzed for single nucleotide polymorphisms (SNPs) in key cytokine-related genes such as TNFα and IL-10, revealing that TNFα risk alleles are significantly associated with DES and SS (REF our 3 papers). Additionally, we explored shared risk factors among SS, DES, and B-cell non-Hodgkin lymphoma (NHL), identifying a significant association between past infections and these conditions, suggesting potential immunological links between viral infections and disease onset (REF our paper). These findings will directly support our investigation into the role of EBV in Specific Aim 3 and the analysis of metabolic biomarkers in Specific Aim 2.
Furthermore, we have experience in recruiting and managing large study populations, ensuring rigorous data collection and analysis, as demonstrated in previous work. The prospective design of Specific Aim 1 will build upon our existing expertise in patient recruitment and longitudinal follow-up, ensuring robust data to assess the impact of hormonal changes on DES across different life stages. The methodologies employed in these previous studies, including advanced multiplex serology and metabolomic analysis, have been validated and are fully applicable to the proposed research project.
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C.5 Figures:
With explanations

ADD Flowchart
C.6 Available resources:
The proposed study is supported by substantial institutional resources, experienced personnel, and strong collaborative networks. The PI, who will dedicate 20% of her time to this study, is qualified and experienced, serving as the Chair of the Optometry Department at Hadassah Academic College and the Head of the Optometry Service at Hadassah Medical Center. This dual role allows for direct access to a large and diverse patient population, facilitating patient recruitment and fostering collaboration between the two institutions. Additionally, we have already recruited a significant number of patients and collected serum samples from previous studies, providing a well-structured foundation for SA2 and 3.
The Co-PI is a world-renowned Hematologist and a public health specialist who was part of the establishment of the serological and epidemiological data of the DES, SS and control patients. Her experience un the field of biomarkers and epidemiological studies will facilitate this research. 
Personnel assigned to this study include a PhD student, supervised by the PI, who will be responsible for recruiting women for SA1 and managing the data collection process. Additionally, two dedicated research assistants will support patient recruitment for SA2, manage study logistics, and oversee the administrative aspects of the project. This experienced team will ensure the efficient coordination and execution of the study.
In terms of infrastructure, the project benefits from state-of-the-art clinical and laboratory facilities of the Ophthalmology department of Hadassah Medical Center (a letter of agreement and support from the department chair, Prof. Itay Chowers, is attached in the appendix) . For SA2, we have established a service collaboration with a renowned researcher in metabolomics, providing access to advanced metabolomics analysis (a letter of service collaboration from Prof. Lauren Petrik is attached in the appendix). For SA3, we are collaborating with a leading expert in multiplex serology, whose lab has already successfully conducted multiplex serology for our team, as reported in our previous publication (also included in the appendix is a letter of service collaboration from Prof. Tim Waterboer). Together with the large patient base, the research experience of the team, and access to advanced analytical tools, we are well-positioned to successfully complete the proposed study.

C.7 Expected results:
The study is expected to reveal important insights into the hormonal, metabolic, and viral factors contributing to DES and SS. For SA1, we anticipate that hormonal fluctuations during life stages such as pregnancy and menopause will significantly impact dry eye symptoms. Increased severity of dry eye is expected during pregnancy and post-menopause, correlated with hormonal changes in estrogen and progesterone levels. Controlling for screen exposure time may reveal it as an additional factor influencing symptom severity.
In SA2, we expect distinct metabolomic profiles to emerge from the analysis of serum, saliva, and tear samples from DES and SS patients compared to controls. These profiles will likely reveal metabolic pathways related to inflammation, oxidative stress, and lipid metabolism, providing potential biomarkers for early diagnosis or treatment targets.

For SA3, we expect to find a higher prevalence of EBV seropositivity in DES and SS patients compared to controls. EBV exposure may be linked to more severe disease, supporting the hypothesis that viral infections play a role in autoimmune mechanisms. Overall, the findings will contribute to improved diagnostic tools and personalized treatments for these conditions, with potential therapeutic implications in hormonal modulation, metabolomic-based biomarkers, and antiviral strategies.

C.8 Pitfalls: Risks and mitigation:
· One potential pitfall in SA1 is the variability in hormonal responses among individual women, which could obscure the relationship between hormonal changes and dry eye severity. Additionally, compliance with follow-up assessments over different life stages (pre-pregnancy, pregnancy, postpartum, and menopause) might pose a challenge. To mitigate this, we will implement strict follow-up protocols and use appropriate statistical methods to adjust for individual variability and confounding factors, such as screen exposure time. If hormonal fluctuations do not show the expected effects, we will expand the cohort size to increase statistical power or explore alternative hormonal markers, such as androgens, which may also play a role in dry eye pathophysiology.
· For SA2, metabolomic profiling poses the risk of generating a large amount of data with complex patterns, which may be difficult to interpret or may not reveal clear biomarkers. To mitigate this risk, we will employ advanced bioinformatics tools for data analysis and validation using independent cohorts. Additionally, if distinct metabolomic profiles are not identified, we will apply targeted metabolomics, focusing on specific pathways already known to be associated with inflammation and oxidative stress in dry eye diseases.
· In SA3, the main risk is that no significant association between EBV exposure and DES or SS is found. If this occurs, we will explore other viral pathogens or immune markers, such as cytomegalovirus (CMV) or herpes simplex virus (HSV), which have also been implicated in autoimmune diseases (REF). We will also consider expanding the sample size or conducting subgroup analyses to account for variability in EBV exposure levels across different patient populations. These alternative approaches will ensure that the study remains comprehensive and can still yield valuable insights even if the original hypothesis is not fully supported.

D. Bibliography: (Up to 5 pages)













E. Time Schedule:
Here is a 3-year timetable for the project, where SA1, SA2 and SA3 are conducted in parallel. The table breaks down the tasks by quarters (Q1-Q4) for each year.
	Tasks
	Year 1 (Q1-Q4)
	Year 2 (Q1-Q4)
	Year 3 (Q1-Q4)

	Study Design & Setup
	Q1-Q2: Finalize protocols, IRB submissions, and obtain ethics approvals for modified protocols. Develop recruitment materials. Collaborations finalized (Metabolomics & Multiplex Serology Labs)
	-
	-

	Patient Recruitment
	SA1: Recruit 30-50 women pre-pregnancy and post-menopause.
	Continue recruiting pre-pregnancy, pregnancy, and menopause women.
	Conclude patient recruitment.

	
	SA2: Recruit 20-30 DES patients for metabolomics samples
	Finalize recruitment for DES patients (SA2)
	Final cohort assessments for SA1

	
	SA3: Utilize existing samples from 91 SS, 105 DES, 211 controls
	
	

	Sample Collection
	SA1: Baseline data collection (OSDI, Schirmer’s, TBUT, hormone levels) for pre-pregnancy women
	SA1: Continue sample collection through pregnancy and post-pregnancy stages
	SA1: Complete sample collection for post-menopausal women

	
	SA2: Begin saliva, tear, and serum sample collection for metabolomics
	SA2: Complete sample collection (serum, saliva, tears)
	

	Data Collection & Clinical Assessments
	SA1: Begin OSDI, Schirmer’s, TBUT, and hormone-level monitoring at baseline for pre-pregnancy
	SA1: Continue clinical assessments for pregnancy and post-pregnancy stages
	SA1: Complete assessments for post-menopausal women

	
	SA3: Begin multiplex serology for EBV on collected serum samples (existing cohort)
	SA2: Perform metabolomic profiling on samples
	

	Laboratory Work
	SA2: Start metabolomic analysis on tears, saliva, serum samples
	SA2: Continue metabolomic analysis on collected samples
	SA2: Final analysis of all samples

	
	SA3: Begin multiplex serology assays (EBV) for existing serum samples.
	SA3: Conclude multiplex serology assays (EBV)
	

	Data Analysis
	-
	SA1: Begin preliminary data analysis on hormonal changes and DES severity
	SA1, SA2, SA3: Complete data analysis across all specific aims

	
	
	SA2: Begin analysis of metabolomic data
	

	
	
	SA3: Analyze multiplex serology (EBV) data
	

	Interpretation & Reporting
	-
	SA2, SA3: Draft preliminary findings and reports
	Finalize manuscripts, presentations, and reports across all specific aims

	Publication & Dissemination
	-
	Begin preparing preliminary publications based on initial results (SA2, SA3)
	Finalize publications and disseminate findings

	Long-term Data Preservation
	-
	Start setting up data preservation infrastructure for long-term use
	Complete long-term data storage for all collected data and samples



Summary
Year 1: Initial setup, patient recruitment, sample collection, and the start of metabolomic and multiplex serology laboratory work.
Year 2: Continued sample collection and follow-up for SA1, ongoing metabolomic and serology analysis, and preliminary data analysis.
Year 3: Conclude data collection, finalize lab work, complete data analysis, and prepare final publications and reports.
This timeline ensures that SA1, SA2, and SA3 are conducted efficiently in parallel, with clear milestones for data collection, analysis, and publication throughout the three-year study.
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	SA2: Recruit 20-30 DES patients for metabolomics samples

	
	
	
	
	
	
	
	
	
	
	
	
	SA3: Utilize existing samples from 91 SS, 105 DES, 211 controls

	
	
	
	
	
	
	
	
	
	
	
	
	Sample Collection

	
	
	
	
	
	
	
	
	
	
	
	
	SA1: Baseline data collection (OSDI, Schirmer’s, TBUT, hormone levels) for pre-pregnancy women; Continue sample collection through pregnancy and post-pregnancy stages and Complete sample collection for post-menopausal women

	
	
	
	
	
	
	
	
	
	
	
	
	SA2: Begin saliva, tear, and serum sample collection for metabolomics; Complete sample collection (serum, saliva, tears)

	
	
	
	
	
	
	
	
	
	
	
	
	Data Collection & Clinical Assessments
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	SA3: Begin multiplex serology for EBV on collected serum samples (existing cohort); Perform metabolomic profiling on samples
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	SA2: Metabolomic analysis on tears, saliva, serum samples

	
	
	
	
	
	
	
	
	
	
	
	
	SA3: Multiplex serology assays (EBV) for existing serum samples.

	
	
	
	
	
	
	
	
	
	
	
	
	Data Analysis

	
	
	
	
	
	
	
	
	
	
	
	
	SA1, SA2, SA3: Data analysis across all specific aims
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F. Budget:

	A. Personnel
	
	
	Year 1
	Year 2
	Year 3
	Total

	Name
	Role in the project
	% Time devoted
	Salaries 

	Hadas Ben-Eli
	PI
	20
	0
	0
	0
	0

	Ora Paltiel
	Co-PI
	15
	0
	0
	0
	0

	Judy Willks
	PhD Student
	100
	$12,000
	$12,000
	$12,000
	$36,000

	To be named
	 Research Assistants
	50
	$15,000
	$15,000
	$15,000
	$45,000

	To be named
	Research Assistants
	50
	$15,000
	$15,000
	$15,000
	$45,000

	To be named
	Bioinformatician & Statistician
	75
	$0
	$20,000
	$20,000
	$40,000

	Total Personnel
	 
	 
	$42,000
	$62,000
	$62,000
	$166,000

	
	
	
	
	
	
	

	B. Research Tools & Materials
	 
	 
	Requested Sums

	Laboratory Supplies (blood collection kits, testing materials)
	
	
	$5,000
	$5,000
	$5,000
	$15,000

	Tear, Saliva, and Serum Collection and storing (30 patients)
	
	
	$5,000
	$5,000
	$5,000
	$15,000

	Total Research Tools & Materials
	 
	 
	$10,000
	$10,000
	$10,000
	$30,000

	
	
	
	
	
	
	

	C. Services
	 
	 
	Requested Sums

	Metabolomics ($220/sample x new 90 samples - 3 types of sample/person X 30 patients)
	
	
	$19,800
	-
	-
	$19,800

	Metabolomics ($220/sample x serum of 91 SS patients, 105 DES patients, and 211 controls) 
	
	
	$89,540
	
	
	 

	Multiplex Serology Assays 
	
	
	?
	-
	-
	$0

	Consulting Services?
	
	
	
	
	
	$0

	Total Services
	 
	 
	$109,340
	$0
	$0
	$109,340

	
	
	
	
	
	
	

	D. Other Expenses
	 
	 
	Requested Sums

	Travel for PhD Student 
	
	
	$1,500
	$1,500
	$1,500
	$4,500

	Total Other Expenses
	 
	 
	$1,500
	$1,500
	$1,500
	$4,500

	
	
	
	
	
	
	

	E. Miscellaneous
	 
	 
	Requested Sums

	Literature & Publishing (editing, translation, journal fees)
	
	
	$3,000
	$3,000
	$3,000
	$9,000

	Office Supplies, Membership Fees
	
	
	$2,000
	$2,000
	$2,000
	$6,000

	Total Miscellaneous
	 
	 
	$5,000
	$5,000
	$5,000
	$15,000

	
	
	
	
	
	
	

	F. Equipment
	 
	 
	Requested Sums

	Small Equipment (blood testing kits, minor lab equipment)
	
	
	$20,000
	$15,000
	$0
	$35,000

	Total Equipment
	 
	 
	$20,000
	$15,000
	$0
	$35,000

	
	
	
	
	
	
	

	G. Summary
	 
	 
	 
	 
	 
	 

	Total Costs (without overhead)
	
	
	$187,840
	$93,500
	$78,500
	$359,840

	Overhead (17%)
	
	
	$31,933
	$15,895
	$13,345
	$61,173

	Grand Total
	 
	 
	$219,773
	$109,395
	$91,845
	$421,013




Budget justification:
The proposed budget primarily supports the personnel, metabolomics analysis, and laboratory tests required for this comprehensive study on dry eye syndrome and Sjögren's syndrome. Key allocations include funding for research assistants, a PhD student, and a bioinformatician to manage data collection and analysis. A significant portion is dedicated to metabolomics analysis of patient samples and multiplex serology assays for viral studies. Additionally, the budget covers essential lab supplies, consulting services, and miscellaneous costs such as publishing and office expenses, ensuring all necessary resources are in place to achieve the study’s goals.

Personnel: Includes the salary for 2 research assistants, 1 PhD student, and a part-time statistician. Principal investigators and faculty members are not included in the salary section.
Research Tools & Materials: Includes all supplies needed for sample collection and testing.
Services: Includes the cost for metabolomics and multiplex serology, along with consulting services for statistical analysis.
Other Expenses: Includes travel expenses for the PhD student to attend conferences or training programs.
Miscellaneous: Covers literature, publishing fees, and minor office expenses.
Equipment: Small equipment required for the study such as blood test kits and lab tools.
Overhead: 17% applied to the total budget.







G. Appendix:
G.1 Collaborations: 
-Itay
-Lauren
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G.2 Authorities Certificates:
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‘TanLe 2: Environmental exposures and medical history of study population-unadjusted analysis.

Control DES SS B-NHL P
Characteristic (N=211) (N=120) (N=91) (N=280)
NG N N N o

Health behaviour:

Ever smoked 91 (43.2) 52(43.3) 30 (33) 142 (507" 0.01

Alcohol consumption 123 (582) 58 (48.7) 25(27.7) 127 (458) <0.001

Hair dye (ever) 141 (6638) 71(59.2) 72(79.1) 101 (36.1)° <0.001

Physical activity (>3 times per week) 73 (346) 50 (41.7) 39(429) 120 (42.9) 0.008

Art as a hobby 57(27.0) 41(342) 45(495) 64 (229) <0.001
Medical history:

Blood transfusion (ever) 42(19.9) 16 (13.3) 22(247) 51(182) 020

Self-reported hospitalization for infection 44(208) 55 (45.8) 50 (54.9) 91 (325) <0.001

Any hepatitis 27(12.8) 20 (16.6) 11 (12.08) 36 (129) 0.004

Infectious mononucleosis 27(12.8) 21(17.5) 15(165) 28 (100) 0.08

Allergy 58(27.5) 46(38.3) 38(418) 84 (300) 026

Asthma 25(11.8) 21(17.5) 20(220) 26 (9.3) 0.03

Eczema 27(12.8) 25(208) 18(19.8) 42 (150) 014

Inflammatory bowel disease 3(14) 10 (83) 20(220) 11(3.9) <0.001

Personal history of AID 20 (95) 11(92) 91(100) 43 (153) <0.001
Occupation (females only)

Health worker 21(12.5) 29(358) 9(107) 12 8.4)

Teacher 27(16.1) 8(99) 17 (202) 30 (209)

Office worker 91(54.2) 30(37.0) 35 (417) 47 (328)

Agriculture 1(06) 0(0) 2249 4028

Housewife/pensioner 16 (96) 00 7(83) 24 (168)

Other 5(29) 1(13) 10(119) 9(63) <0.001
Other exposures:

Ist-degree relative with AID 19(9) 31(258) 33(362) 1347 <0.001

Ist-degree relative with hematopoietic cancer 13 (6.1) 11.1) 5(5.5) 38 (139) 0.05

Breastfed 124 (588) 72(60.0) 52(57.1) 174 (62.1) 0.009

In-house pets/large animals 135 (640) 80 (66.7) 55 (60.4) 158 (56.4) 022

“Number of NHL women who have ever smoked: 54 (19.2%). "Number of NHL women who have dyed their hair: 94 (33.5%). 1* = chi-square test; DES = dry
eye syndrome; S5 = Sjogren's syndrome; B-NHL = B-cell non-Hodgkin lymphoma; AID = autoimmune disease.
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Tanie 3: Risk factors—multinomial regression model.

i Control DES s NHL
Risk factor OR  OR  95%Cl__OR _ 95%Cl__ OR _ 95%Cl
Ethnicity:
North African 1 069 032146 227 105493 088  049-158
West Asian 1 106 054210 168 079358 097  056-169
Mixed 1 221 100514 319 LI9857 145 068310
Eastern European 1 Ref Ref Ref
Smoking (yes vs. no) 1 090 055147 076 042135 L7 078175
Alcohol consumption (yes vs. no) 1 051 033088 026 014049 047 031071
Hospitalization for infection (yes vs. no) 1 329 197547 474 266844 192 123299
Ist-degree relative with AID (yes vs. no) 1 355 183691 525 2591063 059  027-127
Ist-degree relative with hematopoietic cancer (yes vs. no) 1 131 057-300 065  022-196 193 102367

Reference group: control. Adjusted for age (continuous), gender, and education. AID =autoimmune disease; C!

confidence interval; OR =odds ratio;

DES = dry eye syndrome; S$ = Sjogren’s syndrome; B-NHL = B-cell non-Hodgkin lymphoma; Ref = reference category.
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