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Purpose: The purpose of this study was to construct a model based on the prognostic features associated with epithelial-mesenchymal transition (EMT) so as to provide generate new ideas for exploring the mechanism and treatment of metastasis and invasion of hepatocellular carcinoma(carcinoma (HCC) metastasis and invasion.
Methods: Consistent clustering analysis was used to identify EMT-associated genes were acquired and molecular subtypes were obtained by consistent clustering analysis. Differentially expressed genes (DEGs) between molecular subtypes were calculated using the limma package and then subjected to functional enrichment analysis. The immune cell scores were compared amongst between the molecular subtypes were evaluated using the ESTIMATE, MCP counter, and GSCA of R package, respectively. A mMulti-gene prognostic model was constructed using lasso regression, and immunotherapy effects of the model were analyzed using the Imvigor210 cohort. In addition, to validate gene expression, immunohistochemicalImmunohistochemical analysis was performed using aon a real hepatocellular carcinoma cohort. to validate gene expression.

Results: Based on 59 EMT-associated genes, 365 LIHC samples were divided classified into two subtypes, of which thewith the C1 subtype with having a poorer prognosis generally and had having higher immune scores than the C2 subtype,  with and was more associated with the pathways of tumor progression pathways. Based on 1130 DEGs between subtypes, aA 4-gene signature was constructed based on 1130 DEGs between subtypes, which that had strong robustness and was able to performed stable predictive efficacy in different platform datasets (HCCDB18 and GSE14520). Comparing with other existing models, our this model hads better performance. The immunotherapy cohort Imvigor210 was used to validate the ability potential of gene signature so as to predict immunotherapy response, which showed revealed that the FTCD, PON1, and TMEM45A genes were all significantly highly expressedoverexpressed in cancerous tissues, while whereas the G6PD gene expression was significantly low.lowly expressed in cancerous tissues.	Comment by Editor: Rephrased to improve logical flow	Comment by Editor: This term is a little redundant. Consider deleting.

Conclusion: The 4-genes signature based on the EMT-associated genes provideds valuable information for further studyfuture research of the pathogenesis and clinical management of HCC.
Keywords: ??? 	Comment by Editor: Keywords should be added to represent the content of the manuscript.
I. Introduction
Liver cancer is the sixth most common type of cancer in the world and the third leading cause of cancer-related deaths worldwide, with high morbidity and mortality as well as an extremely poor prognosis [1]. HCC is a major predominant histologic type form of liver cancer, accounting for 85-90% of all primary liver cancers and causing 700,000 deaths worldwide each year, which is more prevalent and fatal in developing countries [2-4]. For individuals with advanced HCC, sorafenib has been the sole systemic therapeutic choice. Sorafenib has been the only systemic treatment option for patients with advanced HCC. In 2020,Combination therapy with atezolizumab and bevacizumab combination therapy became a new frontline standard of care for unresectable or metastatic HCC in 2020 [5]. Despite advances in treatment in recent decades,recent advancements in treatment, the overall 5-year survival rate is now less than 12%, mainly associated with high recurrence rates, and associated intra- or extrahepatic metastases. Most The patients with HCC aremajorities of patients with HCC are mostly advanced at diagnosis and have limited clinical benefit from treatment [6-9]. Since HCC has a rather poor prognosis and is highly resistant to most anticancer therapies, efforts research have has been made undertaken to unravel the complex molecular mechanisms of hepatocarcinogenesis and progression, including such as EMT, tumor-stromal interactions, tumor microenvironment, tumor stem cells, and senescence bypass[bypass [10]. A better understanding of these mechanisms may have implications for the development of new novel and more effective therapeutic and prognostic strategies that are urgently needed.	Comment by Editor: Writing too many nouns together affects the readability of the sentence. 
EMT is an important biological process in that occurs throughout embryonic development, cell differentiation and reprogramming, and cancer progression [11, 12]. A growing body of evidenceSeveral studies have reported that suggests that  EMT confers tumor stem cell-like features that enable treatment resistance and tumor recurrence [13].  and isIt is considered one of the main mechanisms determining cancer cell invasion and metastasis [14]. Much evidenceMany studies have also foundsuggests that EMT is associated with the invasion and progression of various malignancies, including HCC [15, 16]. Similar to other tumors, EMT in HCC cells appears to be driven mediated by aberrant activation of the Wnt/β-catenin signaling pathway [17-20], that which increases promotes hypoxia-induced EMT in HCC [21]. There is growing evidence that EMT has been found to aids cell proliferation, invasion, and metastasis during HCC progression, as well as and c ontributes tocontribute to HCC metastasis and chemotherapy resistance. For example, EMT leads to HCC metastasis and poor patient prognosis [22-24]. EMT also positively correlates with sorafenib, cis-platin, and adriamycinAdriamycin resistance [25-27], and has a significant negative impact on the survival of HCC patients by inducing metastasis and resistance, which ultimately leads to poor prognosis. Interestingly, sorafenibSorafenib has an inhibitory effect on the migration ofinhibits HCC cells migration by inhibiting suppressing EMT, which is one of the potential mechanisms for the antitumor effect of sorafenib in HCC [28]. Despite extensive research into the mechanism of action of EMT in HCC, the prognostic value and biological relevance of EMT-associated genes remain unknown. Although the mechanism of action regarding EMT in HCC has been extensively studied, the prognostic value and the biological role of EMT-associated genes have not been elucidated. Therefore, studying the molecular subtyping of HCC associated with EMT and the its prognostic relevance is of great importancecritical for identifying therapeutic targets and improving the prognosis of HCC patients.	Comment by Editor: I have separated the sentences here because it became too convoluted. To present a complex idea, it is better to split the sentences to maintain good sentence-to-sentence flow.	Comment by Editor: To express clarity, I suggested this alternative.	Comment by Editor: Naturalness of phrasing improved.

IV.Discussion
Patients with HCC usually lack clinicallytypically have no clinically significant symptoms in the early stages, and it remains a major public health challenge worldwide due to its high morbidity and mortality [33]. Given the enormous heterogeneity of HCC, the identification of new prognostic markers and the construction of more accurate prognostic models are urgently needed. 
inIn this study, 365 LIHC samples from  The Cancer Genome Atlas (TCGA) were divided classified into two molecular subtypes based on 59 EMT-associated genes, which had differentwith distinct clinical features and prognostic outcomes. GenerallyIn general, the C1 group with a poorer prognosis had a higher proportion of deaths, a higher T-stage, a higher differentiation degree of differentiation, more advanced staging, and higher immune scores. Based on this, a prognostic evaluation model was constructed, which can not only distinguishesdistinguish the different molecular subtypes, but can alsoas well as can  better evaluate the prognosis of patients with HCC better than previously developed methods.	Comment by Editor: Mention in full-form while introducing a word for the first time in the text. Later on abbreviations can be used.	Comment by Editor: I have edited this page to clarify and strengthen the text’s meaning, creating a better flow for the reader, as well as correcting punctuation throughout.
In recent years, thereThere hashas been an increasing number of studies on tumor prognostic models, but there are no clear studies findings on predicting prognosis based on EMT-associated markers in HCC. In this study, a novel 4-gene marker (including PON1, FTCD, G6PD, TMEM45Aand TMEM45A) with strong robustness was established developed for HCC prognosis prediction based on EMT-associated molecules and validated in two other independent cohorts. Paraoxonase-1 (PON1), a Ca2+-dependent high-density lipoprotein (HDL)-associated endostatin, is the first member of the paraoxonase (PON) multigene family, which is involved in the antioxidant function of HDL with atheroprotective effects and is associated with the pathogenesis of many diseases, including cardiovascular disease and cancer[cancer [34-36]. A number ofSeveral studies have shown that PON1 activity is associated with the progression of many cancers [37, 38]. For example, PON1 gene polymorphism is associated with breast cancer susceptibility [39], while PON1 concentration is positively correlated with the degree of bone destruction in multiple myeloma [40]. PON1 activity is elevated increased in the serum of patients with colorectal cancer and is also higher in colon cancer tissues [41]. Serum PON1 concentration is considerably decreased after radiotherapy and may be utilized as a marker of radiotherapy efficacy [42, 43]...Serum PON1 concentration is significantly reduced after radiotherapy and may be used as an indicator of radiotherapy efficacy [42, 43]. In fact, PON1 has also been extensively studied researched in the field of HCC [44-48], and serum PON1 is now used as a biomarker to assess evaluate microvascularmicro-vascular infiltration in HCC[HCC [49, 50]. In addition to its role in metabolism, tThe FTCD (formiminotransferase cyclodeaminase formimidoyltransferasecyclodeaminase) catalyzes the degradation of histidine during folate metabolism and is also associated with the Golgi complex in addition to its involvement in metabolism [51]. The FTCD gene is a candidatepotential tumor suppressor gene for HCC) [52] , which isis significantly downregulated in HCC tumor tissues and can be a useful used as a diagnostic biomarker to distinguish early early-stage HCC from benign tumors [53]. The combined expression of arginase 1 + FTCD + MOC 31 contributes to the diagnosis of most hepatocellular and metastatic cancers [54]. In addition to thisFurthermore, FTCD was found to correlate with methotrexate chemotherapy drug sensitivity [55]. Reduced NADPH produced by glucose-6-phosphate dehydrogenase(dehydrogenase (G6PD) is essential for the maintenance of intracellular redox homeostasis and reductive biosynthesis, and G6PD deficiency is one of the most common inherited enzyme deficiency disorders [56]. G6PD, the rate-limiting enzyme of the pentose phosphate pathway, is frequently commonly activated in human malignancies to produce precursors for nucleotide and lipid synthesis, and abnormal activation of G6PD leads to the proliferation of a variety of cancer cells [57]. G6PD activity is increased in several cancer types, including esophageal, gastric, colorectal, bladder, breast, and lung cancers [58-60]. Increased levels of G6PD mRNA expression predict indicate poor clinical outcomes in cancer patients, including such as increased drug resistance, tumor cell migration, or proliferation. Therefore,  it, it is expected that G6PD will become a valuable viable target for oncology therapy in the near futuresoon  [61]. One study identified G6PD was found to beas  an important miR-122 target that may regulate glucose metabolism in HCC, and upregulation of G6PD, and was observed to be associated with higher tumor grade, increased tumor recurrence, and poorer patient survival in HCC[[62]. TMEM45A is a member ofbelongs to the family of transmembrane proteins (TMEM), that arewhich is predicted to be components of various cell membranes, such as the mitochondrial membrane, the endoplasmic reticulum membranes, and Golgi membranes[membranes [63]. Under hypoxic conditions, Cchemotherapy resistance in human breast cancer cells and HCC cells under hypoxic conditions is associatedrelated, which also affects the proliferation and invasion of human ovarian cancer cells and human glioma cells [64-67]. By blocking the TGF-signaling pathway in human colorectal cancer cells, TMEM45A gene knockdown was proved efficienteffective in inhibiting multidrug resistance and suppressing EMT by inhibiting the TGF-ug resistance and suppressing EMT l cancer cells, cer[68]. These studies suggest that TMEM45A may be a potential biomarker. The 4-gene marker identified in this study is involved in a wide rangevariety of tumorigenictumorigenicity processes and is closely associated with HCC tumor cell growthproliferation, metastasis, or invasion. This, which may explain why our  4-gene signature could be a powerful biomarker for predicting the prognosis of HCC.	Comment by Editor: Words like “recently, current” should not be used in a manuscript. The study is not "present" or "current" in 10 years, when the paper may still be read...
	Comment by Editor: Rephrased to make the sentence concise.	Comment by Editor: Sentences rephrase for better clarity. Also, the sentences are separated to make it readable. Too long sentence might confuse the readers.	Comment by Editor: The edits here were suggested to streamline the flow of text for the reader, and insert missing punctuation. Redundant sentences have been rephrased.	Comment by Editor: This term is a little redundant. Consider deleting.	Comment by Editor: I have separated the sentences to maintain good sentence-to-sentence flow and make it readable.
Notably, GSEA showed some significantlyhighly enhanced enriched  tumor features characteristics and as well as various metabolic features. The findings revealed that a large number of tumor-related pathways were significantly overexpressed in the poor prognosis subtype C1, suggesting implying that C1 subtype tumors are more aggressive. ,These findings are which is  also consistent with the clinical features of C1 subtype tumors such as late late-stage, high differentiation degree, and high mortality. On the other hand, the expression levels of metabolism-related pathways were higher in C2 subtypes with better prognosis., and most Most of these metabolic pathways were related to physiological hepatocyte metabolic functions, such as fatty acids, PPAR signaling pathway, and drug metabolic processes, indicating a more intact hepatocyte function, thus contributing to the clinical outcome. 	Comment by Editor: Separated the sentences
BesidesFurthermore, tumor-related pathways increased with increasing RiskScoreRisk Scores, while metabolism-related pathways decreased with increasing RiskScoreRisk Scores. This, which also indicated that RiskScoresRisk Scores can predict the prognosis of HCC and help us better understand the underlying molecular mechanisms of hepatocellular carcinogenesis and progression.	Comment by Editor: Sentence was too long, so I have separated it.
Three published gene signatures for HCC were compared to demonstrate the superiority of our this model. In a previous study, 1494-gene signature(Zheng)[30] obtained 149 pairs of HCC specimens were obtained from GEO, screened 98 DEGs were screened between HCC and normal hepatic tissue, established and validated a 4-gene subset of prognostic gene expression signature for HCC ( SPINK1(SPINK1, TXNRD1, LCAT, and PZP) was validated. The and found tresults indicated that the expression panel of these four genes was strongly correlated with methylation status [30]. A 6-gene signature (Ke) [31] identified two prognostic molecular subtypes of HCC with different expression profiles and clinical outcomes, and established a prognostic evaluation model that can not only distinguishesdistinguished  different subtypes of HCC, but canand also provided a good evaluation of patient prognosis. Another 6-gene signature (Liu)[[32] established a new 6-gene marker (including CSE1L, CSTB, MTHFR, DAGLA, MMP10, and GYS2) that can classifyclassified the HCC patients into high-and low-risk groups with significant differences in survival rates. There Their were significant differences in survival rates of survival differed significantly. The ROC analysis of the four models showed that the 5-year AUC values of the previously developed 4-gene signature [30], (Zheng), 6-gene signature (Ke)[31], and 6-gene signature (Liu)[32] were lower than our this newly developed model in this study,, which indicating indicated that our this model was is more reasonable and effective with a reasonable number of genes. BesidesMoreover, the C-index values of our RiskScoreRisk Score model were higher than those of the other three models, proving the good performance of our model.demonstrating the new model’s superior performance.	Comment by Editor: Author names not needed to mention in the text. Citation no. is enough.	Comment by Editor: In American English, a comma (called as serial comma) is generally added before “and” in a series.

PD-L1 expression, tumor mutation burden (TMB), and DNA mismatch repair defects have all been identified as genetic markers associated with cancer immunotherapy response [69-71].Researchers have identified several genetic markers associated with cancer immunotherapy responsiveness, such as PD-L1 expression, tumor mutation burden (TMB), and DNA mismatch repair defects [69-71]. In 2020, the NCCN guidelines prioritized emphasized the use of atezolizumab and bevacizumab combination therapy [5], but although the current use of immunotherapy for HCC are is limited in terms of effective predictive markers [72, 73]. The prediction of immunotherapy efficacy by the 4-genes model was explored by the immunotherapy dataset (Imvigor210), showing which revealed that patients in the CR group had a significantly lower RiskScoreRisk Score than the PD group. , that higherThe higher RiskScoreRisk Score values were associated with poorer survival. , and thatMoreover,  the proportion of samples with immunotherapy response (CR+PR) was smaller in the high-risk group than in the low-risk group (18% vsvs. 26%), which collectively suggested that HCC patients from the high- RiskScoreRisk Score group may not respond worse effectively to immunotherapy;, which this needs to be investigated in future clinical trials.will need to be tested in future clinical trials.	Comment by Editor: I have made these edits to streamline the flow of text for the reader.


