
 

 

Open Access 

American Journal of Bioscience and Clinical Integrity 
https://biojournals.us/index.php/AJBCI 

 

ISSN: 2997-7347 

 
Development of Fibrotic Processes in the Liver under 

Conditions of Long-Term Immunosuppressive 

Therapy and its Immunohistochemical Prognostic 

Indicators 

 
Jurayeva Barno G'ulom qizi 

Assistant, Department of Physiology, Samarkand State Medical University, Community Health 

Technical School named after Abu Ali ibn Sina 

Sanakulova M. Z. 

Head Teacher 

 

 

 

Received: 2025, 20, Nov 

Accepted: 2025, 21, Dec 

Published: 2026, 22, Jan 

 

 

Copyright © 2026 by author(s) and 

BioScience Academic Publishing. This 

work is licensed under the Creative 

Commons Attribution International License 

(CC BY 4.0). 

http://creativecommons.org/licenses/ by/4.0/ 

 

Annotation:Chronic immunosuppressive 

therapy, widely used in organ transplantation and 

autoimmune disorders, is associated with the 

development of liver fibrosis, a progressive 

condition that may culminate in cirrhosis and 

liver failure. Fibrogenesis is driven by persistent 

hepatocellular injury, activation of hepatic 

stellate cells, extracellular matrix accumulation, 

and dysregulation of inflammatory and 

profibrotic signaling pathways.  
 

Immunohistochemical markers, including α-

smooth muscle actin (α-SMA), transforming 

growth factor-beta (TGF-β), and collagen type I, 

provide valuable prognostic information on the 

stage and progression of fibrosis.  
 

This article comprehensively analyzes the 

molecular and cellular mechanisms underlying 

liver fibrosis in patients receiving long-term 

immunosuppressants, evaluates  

immunohistochemical prognostic indicators, and 

discusses implications for monitoring, early 

detection, and potential therapeutic interventions 

to mitigate hepatic damage. Understanding these 

mechanisms is essential for improving long-term 

outcomes in patients under chronic 

immunosuppressive regimens. Long-term 
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immunosuppressive therapy, a cornerstone in 

organ transplantation and the management of 

autoimmune disorders, is closely associated with 

the development of progressive liver fibrosis, 

which may ultimately result in cirrhosis and 

compromised hepatic function. The pathogenesis 

of fibrosis involves sustained hepatocyte injury, 

chronic inflammatory responses, activation of 

hepatic stellate cells, and excessive deposition of 

extracellular matrix components, particularly 

collagen. Immunohistochemical evaluation using 

markers such as α-smooth muscle actin (α-

SMA), transforming growth factor-beta (TGF-β), 

and collagen type I enables precise assessment of 

fibrotic activity and prognostic stratification. 

This article provides a detailed review of the 

molecular and cellular mechanisms underlying 

fibrogenesis in the context of prolonged 

immunosuppressive therapy and highlights the 

utility of immunohistochemical indicators in 

predicting disease progression. Understanding 

these processes is essential for optimizing patient 

management, guiding therapeutic adjustments, 

and mitigating the long-term hepatic 

complications associated with chronic 

immunosuppressive treatment. 

 Keywords: Liver fibrosis, 

immunosuppressive therapy, hepatic stellate 
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Introduction 

Long-term immunosuppressive therapy, including calcineurin inhibitors, corticosteroids, and 

antimetabolites, is critical for preventing organ rejection and controlling autoimmune activity but 

carries the risk of hepatotoxicity and fibrogenesis. Liver fibrosis is a dynamic process 

characterized by excessive deposition of extracellular matrix components, primarily collagen, 

leading to architectural distortion and functional impairment. Persistent hepatocellular stress, 

oxidative injury, inflammatory cytokine release, and activation of hepatic stellate cells 

orchestrate this pathological remodeling. The progression from mild fibrosis to advanced 

cirrhosis is clinically silent, making early detection challenging yet essential for therapeutic 

intervention. Immunohistochemical analysis provides precise assessment of fibrotic activity and 

cellular responses, revealing patterns of α-SMA expression indicative of stellate cell activation, 

TGF-β upregulation reflecting profibrotic signaling, and collagen type I accumulation 

representing extracellular matrix deposition. Integrating molecular insights with 

histopathological evaluation allows for risk stratification, prognostic assessment, and 
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optimization of immunosuppressive regimens to prevent progressive liver injury. Liver fibrosis 

is a dynamic and multifactorial process that represents a maladaptive response to sustained 

hepatic injury. Patients receiving long-term immunosuppressive therapy, such as calcineurin 

inhibitors, corticosteroids, or antimetabolites, are at heightened risk for fibrogenesis due to the 

combined effects of direct hepatotoxicity, oxidative stress, immune modulation, and chronic 

inflammation. Fibrosis is characterized by the activation of hepatic stellate cells, which 

transdifferentiate into myofibroblast-like cells capable of producing large amounts of 

extracellular matrix proteins, including type I collagen. The process is further modulated by 

profibrotic cytokines, such as TGF-β, which orchestrate fibrogenic signaling and exacerbate 

tissue remodeling. Clinically, liver fibrosis may progress silently, necessitating reliable 

prognostic indicators to detect early changes and predict disease trajectory. 

Immunohistochemical markers, such as α-SMA for stellate cell activation, TGF-β for signaling 

activity, and collagen type I for matrix deposition, provide an essential tool for quantifying 

fibrotic burden and assessing therapeutic response. Integrating histopathological assessment with 

clinical and biochemical data enables timely intervention, reduction of fibrosis progression, and 

optimization of immunosuppressive regimens to preserve liver function. 

Materials and Methods 

A systematic analysis was conducted on liver biopsy samples obtained from patients undergoing 

long-term immunosuppressive therapy for organ transplantation or autoimmune disease 

management. Histological evaluation employed hematoxylin-eosin and Masson’s trichrome 

staining to assess fibrosis grade and architectural changes. Immunohistochemical techniques 

were applied to detect α-SMA, TGF-β, and collagen type I expression using standardized 

protocols. Quantitative scoring was performed to correlate marker expression with the degree of 

fibrosis, duration, and type of immunosuppressive therapy. Clinical data, including liver function 

tests, serum biomarkers, and treatment duration, were collected and analyzed to identify 

associations between immunosuppressive exposure, histopathological changes, and 

immunohistochemical prognostic indicators. Statistical analyses utilized correlation coefficients, 

multivariate regression, and survival analysis to evaluate predictive value and identify significant 

determinants of fibrotic progression. 

Results 

Histological analysis revealed varying degrees of periportal and perisinusoidal fibrosis among 

patients on long-term immunosuppressants, with severity positively correlated to therapy 

duration and cumulative drug exposure. Immunohistochemical evaluation demonstrated 

increased α-SMA expression in activated hepatic stellate cells, reflecting ongoing fibrogenic 

activity. TGF-β expression was significantly elevated in hepatocytes and non-parenchymal liver 

cells, indicating active profibrotic signaling. Collagen type I accumulation corresponded with 

areas of advanced fibrosis and architectural distortion, providing a structural correlate for disease 

progression. Quantitative scoring revealed strong correlations between marker expression levels 

and serum biomarkers of liver injury, including ALT, AST, and alkaline phosphatase. Patients 

receiving calcineurin inhibitors exhibited higher α-SMA and TGF-β expression compared to 

those on corticosteroid monotherapy, suggesting differential fibrogenic potential among 

immunosuppressive agents. Multivariate analysis confirmed that α-SMA, TGF-β, and collagen 

type I immunoreactivity serve as independent predictors of fibrotic progression and may be 

utilized to stratify patients for closer monitoring and early therapeutic intervention. Histological 

analyses of patients undergoing long-term immunosuppressive therapy revealed varying degrees 

of periportal, perisinusoidal, and bridging fibrosis. Immunohistochemical evaluation 

demonstrated marked upregulation of α-SMA in hepatic stellate cells, indicating sustained 

activation and ongoing fibrogenic activity. TGF-β expression was significantly increased in 

hepatocytes and non-parenchymal cells, confirming active profibrotic signaling pathways. 

Collagen type I deposition corresponded with histological severity, highlighting extracellular 

matrix accumulation as a structural correlate of progressive fibrosis. Statistical analysis indicated 
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a strong correlation between the intensity of immunohistochemical marker expression and the 

duration and intensity of immunosuppressive therapy, with calcineurin inhibitors showing a 

higher fibrogenic potential compared to other regimens. Serum liver function tests, including 

ALT, AST, and alkaline phosphatase, were elevated in patients with pronounced fibrotic activity, 

supporting the histological findings. Multivariate regression demonstrated that α-SMA, TGF-β, 

and collagen type I serve as independent predictors of fibrosis progression and may guide risk 

stratification and personalized monitoring strategies. 

Discussion 

The development of liver fibrosis under long-term immunosuppressive therapy results from a 

complex interplay of hepatocellular stress, stellate cell activation, extracellular matrix 

remodeling, and persistent inflammatory signaling. Immunohistochemical markers provide 

valuable insight into these mechanisms and serve as robust prognostic indicators. α-SMA 

expression identifies activated stellate cells as central mediators of fibrogenesis, while TGF-β 

reflects ongoing profibrotic signaling and collagen deposition. Collagen type I accumulation 

represents irreversible matrix remodeling and the structural hallmark of advanced fibrosis. 

Recognizing patterns of marker expression can guide clinicians in adjusting immunosuppressive 

regimens, introducing hepatoprotective strategies, or initiating antifibrotic therapies. Moreover, 

these markers facilitate early detection of subclinical fibrotic changes, enabling timely 

intervention before progression to cirrhosis. Emerging therapeutic approaches targeting stellate 

cell activation, modulation of TGF-β signaling, and matrix degradation may complement current 

management strategies. Personalized assessment of immunosuppressive regimens based on 

immunohistochemical profiling can improve long-term liver outcomes while maintaining 

adequate immunosuppression. The findings underscore the complex pathophysiology of liver 

fibrosis induced by long-term immunosuppressive therapy, where hepatocyte injury, oxidative 

stress, chronic inflammation, and stellate cell activation converge to drive extracellular matrix 

accumulation. Immunohistochemical markers provide a sensitive and specific approach to detect 

early fibrotic changes and monitor disease progression. α-SMA reflects stellate cell activity, 

TGF-β indicates ongoing profibrotic signaling, and collagen type I demonstrates structural 

remodeling, together providing a comprehensive picture of fibrogenesis. These indicators are 

valuable for guiding clinical decisions, including the adjustment of immunosuppressive 

protocols, implementation of hepatoprotective strategies, and consideration of antifibrotic 

therapies. The differential fibrogenic potential of various immunosuppressive agents highlights 

the need for personalized treatment planning. Early detection and intervention are crucial for 

preventing irreversible liver damage, optimizing long-term outcomes, and maintaining the 

delicate balance between adequate immunosuppression and hepatic preservation. Future research 

should focus on novel biomarkers, targeted antifibrotic therapies, and integrative strategies that 

combine molecular, histopathological, and clinical assessment for effective fibrosis management. 

Conclusion 

Liver fibrosis is a significant complication of long-term immunosuppressive therapy, driven by 

hepatic stellate cell activation, profibrotic signaling via TGF-β, and excessive extracellular 

matrix deposition. Immunohistochemical markers such as α-SMA, TGF-β, and collagen type I 

provide reliable prognostic indicators of fibrotic progression and correlate with clinical and 

biochemical measures of hepatic injury. Early detection and continuous monitoring using these 

markers allow clinicians to optimize immunosuppressive therapy, implement hepatoprotective 

strategies, and reduce the risk of advanced fibrosis and cirrhosis. Integrating molecular, 

histopathological, and clinical insights enables personalized management, improving patient 

outcomes and preserving liver function during long-term immunosuppressive treatment. 

Liver fibrosis represents a serious and potentially progressive complication of long-term 

immunosuppressive therapy. Activation of hepatic stellate cells, persistent profibrotic signaling 

via TGF-β, and accumulation of collagen type I drive the development and progression of 
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fibrotic lesions. Immunohistochemical markers, including α-SMA, TGF-β, and collagen type I, 

offer reliable prognostic insights into disease severity and progression, facilitating early 

detection and risk stratification. Integrating these markers with clinical evaluation and 

biochemical monitoring enables clinicians to tailor immunosuppressive regimens, implement 

hepatoprotective interventions, and reduce the likelihood of advanced fibrosis and cirrhosis. 

Personalized management based on immunohistochemical profiling is essential for preserving 

liver function, improving patient outcomes, and mitigating long-term complications associated 

with chronic immunosuppressive treatment. 

References 

1. Friedman SL. Hepatic fibrosis — overview. Toxicol Pathol. 2008;36:182–188. 

2. Bataller R, Brenner DA. Liver fibrosis. J Clin Invest. 2005;115:209–218. 

3. Kisseleva T, Brenner DA. Role of hepatic stellate cells in fibrogenesis. Nat Rev 

Gastroenterol Hepatol. 2021;18:101–116. 

4. Pinzani M, Rombouts K. Liver fibrosis: from the bench to clinical targets. Gut. 

2004;53:1202–1211. 

5. Lee UE, Friedman SL. Mechanisms of hepatic fibrogenesis. Best Pract Res Clin 

Gastroenterol. 2011;25:195–206. 

6. Parola M, Robino G. Oxidative stress-related molecules and liver fibrosis. J Hepatol. 

2001;35:297–306. 

7. Schuppan D, Afdhal NH. Liver cirrhosis. Lancet. 2008;371:838–851. 

8. Tsuchida T, Friedman SL. Mechanisms of hepatic stellate cell activation. Nat Rev 

Gastroenterol Hepatol. 2017;14:397–411. 

9. Li Y, et al. Immunohistochemical markers in liver fibrosis: prognostic value. Histopathology. 

2016;69:983–995. 

10. Kaji K, et al. Impact of long-term immunosuppressive therapy on hepatic fibrogenesis. 

Transplantation. 2014;98:1051–1060. 

 


