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ABSTRACT

Background: Chemokine Receptor Type 5 (CCR5) is expressed on Hepatic Stellate Cells (HSCs), which, together 
with fibroblasts, are major producers of extracellular matrix during liver fibrosis. Leronlimab is a humanized IgG4κ 
monoclonal antibody that binds to CCR5. The objective of the present study was to evaluate the antifibrotic effects 
of leronlimab in three independent preclinical studies using two mouse models of liver fibrosis. 

Methods: In Stelic Animal Model (STAM™) model 1, leronlimab was administered at doses of 5 or 10 mg/kg/week 
for 3 weeks. STAM model 2 was conducted as a confirmatory study to validate the antifibrotic effect observed with 
the 10 mg/kg/week dose in STAM model 1. In a third study, a Carbon Tetrachloride (CCl

4
)-induced liver fibrosis 

mouse model was used to evaluate leronlimab administered at 10 mg/kg/week for 3 weeks. An isotype-matched 
control antibody was included in all studies for comparison. Evaluations included liver enzymes and histological 
assessment of liver fibrosis.

Results: In STAM model 1, leronlimab at 10 mg/kg/week significantly reduced fibrosis area compared with the 
isotype control (p=0.0005). These findings were confirmed in STAM model 2 (p<0.0001). Consistent antifibrotic 
effects were also observed in the CCl4-induced liver fibrosis model (p=0.0006). 

Conclusions: Collectively, these preclinical results demonstrate that CCR5 blockade by leronlimab is associated 
with a significant reduction of established liver fibrosis in multiple mouse models and support further evaluation of 
leronlimab as a potential therapeutic option, either as monotherapy or in combination regimens, for chronic liver 
diseases with fibrosis.
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INTRODUCTION

Chronic liver disease of any etiology can progress to fibrosis, 
ultimately leading to cirrhosis and its associated complications, 
including hepatocellular carcinoma, liver transplantation, and 
death. Despite the substantial global burden of fibrotic liver 
diseases, there are currently no therapies specifically approved to 
directly target liver fibrosis. Metabolic dysfunction-Associated 
Steatohepatitis (MASH) is one of the leading causes of chronic liver 
disease worldwide [1-6]. Recently, two agents have been approved 
for patients with MASH and stage 2 or 3 fibrosis: Resmetirom, 
a liver-targeted thyroid hormone receptor β-selective agonist, and 
semaglutide, a glucagon-like peptide-1 receptor agonist. Phase 3 
clinical trials of these agents’ demonstrated modest improvements 
in fibrosis compared to placebo, with increased response rates of 

approximately 12% for resmetirom and 14.4% for semaglutide 
compared with placebo [7,8]. Given these limited effects on fibrosis 
and the fact that neither agent directly targets fibrogenic pathways, 
there remains a substantial unmet medical need for novel 
therapeutic strategies, either as monotherapy or in combination, 
for the treatment of MASH-associated fibrosis and fibrotic liver 
diseases of other etiologies.

Liver fibrosis is characterized by excessive accumulation of 
extracellular matrix components [9]. Hepatic Stellate Cells (HSCs), 
together with fibroblasts, are the major producers of extracellular 
matrix and are central to the development of fibrotic scar tissue 
following chronic liver injury [10].

The recruitment and activation of inflammatory cells at sites of 
hepatic injury are regulated in large part by chemokines and their 
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receptors, which coordinate immune cell trafficking and signaling 
within the liver. Chemokine Receptor Type 5 (CCR5) is expressed on 
HSCs and is also associated with hepatic macrophage recruitment, 
inflammatory signaling, and fibrogenesis [11-14]. CCR5 expression 
has been reported to be upregulated in the livers of patients 
with MASH [15]. Accumulating evidence implicates CCR5 and 
its ligands, including CCL5 (regulated on activation, normal 
T-cell expressed and secreted; Regulated on Activation, Normal 
T-cell Expressed and Secreted (RANTES)), in the recruitment of 
monocytes and macrophages, tissue infiltration, and activation 
of HSCs following liver injury [9-15]. Hepatocytes, Kupffer cells, 
and infiltrating monocytes/macrophages serve as major sources of 
Transforming Growth Factor-β (TGF-β), a key profibrotic cytokine 
that stimulates collagen production by activated HSCs [12]. In 
addition, CCR2/CCR5 signaling pathways have been implicated 
in fibrotic processes in other organs, including the kidney, further 
supporting their role in chronic tissue fibrosis [16-20]. Collectively, 
these findings highlight CCR5 as a potential therapeutic target in 
fibrotic liver disease.

Cenicriviroc (CVC), a dual CCR2/CCR5 antagonist, and 
maraviroc, a   selective    CCR5    antagonist,    are    small-molecule 
CCR5 inhibitors that have previously been studied in patients 
with Metabolic Dysfunction-Associated Steatotic Liver Disease 
(MASLD)/MASH. Results from Phase 2 trials demonstrated 
modest improvements in non-invasive serum and imaging 
biomarkers [21] and in histologic parameters [22]; however, these 
findings either  did  not reach statistical significance [21,23] or  
failed to translate into fibrosis regression in phase 3 trials [22- 
24]. One potential explanation for the limited efficacy of MVC and
CVC in MASLD/MASH is  incomplete inhibition  of chemokin 
receptor  signaling   by   these   small-molecule  agents,   which  may 
permit residual pathway activity.

Leronlimab (formerly PRO 140) is a humanized IgG4κ monoclonal 
antibody that binds to extracellular domains of CCR5, including 
the amino-terminal domain and the second extracellular loop, 
thereby functionally inhibiting chemokine-mediated CCR5 
signaling. Through CCR5 blockade, leronlimab modulates 
downstream inflammatory and fibrogenic pathways. In a phase 
2a partially randomized proof-of-concept clinical study in adults 
with presumptive MASH without extensive fibrosis leronlimab 
demonstrated a mild antifibrotic effect in some patients [25]. 
However, this study was not powered to demonstrate statistical 
significance on a fibrosis endpoint, histologic samples were not 
obtained, and the treatment duration of 13 weeks was too short 
to demonstrate meaningful fibrosis improvement [25]. Thus, 
evaluation of the antifibrotic effect of leronlimab is needed. 
In fact, the effects of leronlimab on liver fibrosis have not been 
systematically evaluated in controlled preclinical models.

The aim of the present study was to investigate the antifibrotic 
effects of leronlimab in two complementary mouse models of liver 
fibrosis, including a metabolic injury-driven model and a toxin-
induced model, to assess the consistency and robustness of its 
effects across distinct fibrogenic contexts.

MATERIALS AND METHODS

Experimental design

This study was conducted in accordance with the Animal Research: 
Reporting of In Vivo Experiments (ARRIVE). Three independent 
preclinical studies using  two  mouse  models  of liver  fibrosis were 

performed to evaluate the antifibrotic effects of leronlimab. These 
included two  proprietary  Stelic Animal   Model  (STAM™)  studies  
and one carbon tetrachloride (CCl

4
)-induced  liver  fibrosis study. 

The studies  were  designed  to assess the effects of leronlimab 
 on established liver fibrosis.

Test substance

Leronlimab, formulation buffer, and an isotype-matched control 
antibody were provided by CytoDyn Inc. (USA). Details of the test 
substances are provided in (Table S1).

Animals

C57BL/6J mice were obtained from Japan SLC, Inc. For the 
STAM studies, male offspring derived from 14-day-pregnant 
females were used, whereas six-week-old female mice were used 
for the CCl

4
-induced fibrosis study. Animals were housed under 

specific pathogen-free conditions and cared for in accordance with 
the Japanese Pharmacological Society Guidelines for Animal Use 
[26-28].

All experimental protocols were reviewed and approved by 
the Committee on the Ethics of Animal Experiments of SMC 
Laboratories, Inc. (approval numbers S282 and C044).

Mouse models

Two  independent  studies  were  conducted  using 
induces    insulin    resistance    and   MASH- like   liver   pathology
[25]. In STAM  model 1,  leronlimab   was  administered  
subcutaneously   at  doses  of  5 mg/kg/week  or  10 mg/kg/week.
STAM model 2 was performed as a confirmatory study  to validate 
the antifibrotic effects observed with the 10 mg/kg/week dose in 
STAM model 1.

In the STAM models, MASH with fibrosis was induced in 
male C57BL/6J mice by a single subcutaneous injection of 
streptozotocin (200 μg; Sigma-Aldrich, USA) two days after birth, 
followed by feeding with a high-fat diet (57 kcal% fat) from 4 weeks 
of age. Leronlimab or an isotype-matched control antibody was 
administered subcutaneously at a volume of 5 mL/kg.

A third study was conducted using a carbon tetrachloride (CCl
4)-

induced liver fibrosis model. In this model, female C57BL/6J 
mice received intraperitoneal injections of CCl4 twice weekly from 
Day 0 to Day 35 to induce liver fibrosis, as previously described 
[29,30]. Leronlimab was administered at 10 mg/kg/week. CCl

4
 is 

a well-established hepatotoxin that induces hepatocellular injury, 
inflammatory responses, and progressive liver fibrosis, and is 
widely used to evaluate antifibrotic interventions.

In all studies, animals were randomized into treatment groups 
based on body weight to ensure balanced baseline characteristics. 
For the STAM models, stratification criteria were defined based on 
historical background data maintained by SMC Laboratories, Inc., 
whereas for the CCl4 model stratification was based on baseline 
body weight measured at study initiation.

During the conduct of the experiments, personnel involved in 
animal husbandry and dosing were aware of group allocation as 
required for study execution. Histopathological evaluations were 
performed by investigators blinded to treatment allocation. Data 
analyses were conducted using coded datasets, and group identities 
were revealed only after completion of statistical analyses.

Animals were monitored daily for general health and clinical signs, 

STAM™, which
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and body weight was recorded throughout the study. Mice were 
sacrificed at 12 weeks of age in the STAM studies and on Day 35 
in the CCl4 study by exsanguination under isoflurane anesthesia.

Liver tissues were fixed, paraffin-embedded, and sectioned for 
histological analyses. Fibrosis was assessed by Sirius red staining, and 
fibrosis area was quantified using image analysis software (ImageJ, 
National Institutes of Health, USA) in five fields per section and 
expressed as a percentage of the total area. Hematoxylin and Eosin 
(H and E) staining was performed for histopathological evaluation. 
In the STAM studies, Nonalcoholic Fatty Liver Disease (NAFLD) 
Activity Score (NAS) was assessed according to the criteria of 
Kleiner, et al., as summarized in (Table S2) [31].

All animals allocated to each experimental group were included in 
the analyses, and no animals or data points were excluded unless 
explicitly stated.

Statistics

Statistical analyses were performed using GraphPad Prism version 
6 (GraphPad Software, USA). Comparisons between two groups 
were conducted using unpaired, two-tailed Student’s t-tests. For 
analyses involving more than two groups, one-way Analysis Of 
Variance (ANOVA) was applied, followed by Bonferroni post hoc 
tests where appropriate. Data are presented as mean ± Standard 
Deviation (SD). Statistical significance was defined as p<0.05 (two-
sided).

Individual animal data for key endpoints, including Sirius red-
positive fibrosis area, NAFLD Activity Score (NAS), and serum 
biochemical parameters, are provided to ensure transparency and 
reproducibility (Tables S3-S5). Effect sizes and corresponding 95% 
confidence intervals are reported in (Tables S6-S8).

Formal statistical tests to assess distributional assumptions were 
not performed; however, data were reviewed for extreme outliers, 
and the applied parametric tests are consistent with standard 
practice in comparable preclinical fibrosis studies. This approach 
is acknowledged as a methodological limitation.

STAM model 1, STAM model 2, and CCl4-induced 
fibrosis trial designs

STAM model 1 consisted of four experimental groups with eight 
mice per group, and STAM model 2 consisted of three experimental 

groups with twelve mice per group (Figure S1a and S1b). Sample 
sizes were determined based on prior experience and background 
data from studies using the STAM model, which indicated that 
these group sizes were sufficient to detect consistent differences in 
histological and biochemical endpoints while minimizing animal 
use.

In both STAM studies, mice were allocated to the following 
groups: A normal control group without treatment, an isotype-
matched IgG4 control antibody group (10 mg/kg/week), and 
leronlimab treatment groups. In STAM model 1, leronlimab 
was administered at 5 mg/kg/week or 10 mg/kg/week, whereas 
STAM model 2 included only the 10 mg/kg/week leronlimab 
dose as a confirmatory study. All antibodies were administered 
subcutaneously once weekly from 9 to 12 weeks of age.

Endpoints evaluated in the STAM studies included liver-to-body 
weight ratio, plasma Alanine Aminotransferase (ALT), Aspartate 
Aminotransferase (AST), glucose, and triglyceride levels, as well 
as histological assessment of NAFLD Activity Score (NAS) and 
fibrosis area.

The CCl₄-induced liver fibrosis study consisted of three groups 
with twelve mice per group (Figure S1c). Control animals received 
intraperitoneal injections of mineral oil twice weekly throughout 
the study. Fibrosis was induced by intraperitoneal administration 
of 5% CCl

4 in mineral oil (100 μL) twice weekly. A treatment group 
received leronlimab at 10 mg/kg/week administered subcutaneously 
on Days 14, 21, and 28 in addition to CCl4 administration.

In the CCl
4
 study, endpoints included liver-to-body weight ratio, 

plasma ALT levels, hepatic hydroxyproline content, and histological 
quantification of fibrosis area.

RESULTS

STAM model 1

The isotype control group exhibited a significant increase in mean 
liver-to-body weight ratio compared with the normal group (Tables 
1,2). No significant differences in liver-to-body weight ratio were 
observed between the isotype control group and the leronlimab-
treated groups. One mouse in the isotype control group was found 
dead prior to Day 21 (day of sacrifice); no additional deaths or 
premature euthanasia occurred.

Table 1: STAM model 1: Between group differences in parameters.

Comparison Bonferroni multiple comparison test (p-value) Student’s t-test (p-value)

Liver-to-body weight ratio

Normal vs. isotype control <0.0001 <0.0001

Leronlimab low vs. isotype control >0.9999 0.3085

Leronlimab high vs. isotype control >0.0999 0.2777

Whole blood glucose

Normal vs. isotype control <0.0001 <0.0001

Leronlimab low vs. isotype control >0.9999 0.2806

Leronlimab high vs. isotype control >0.0999 0.1513

Plasma ALT

Normal vs. isotype control 0.0374 0.0366

Leronlimab low vs. isotype control 0.3082 0.1245



4

Palmer M, et al. 

J Liver, Vol. 15 Iss. 1 No: 1000281

Leronlimab high vs. isotype control 0.7751 0.2139

Plasma AST

Normal vs. isotype control 0.0117 0.0107

Leronlimab low vs. isotype control 0.2997 0.1124

Leronlimab high vs. isotype control 0.3492 0.1141

Plasma triglyceride

Normal vs. isotype control 0.0417 0.0045

Leronlimab low vs. isotype control 0.2242 0.0271

Leronlimab high vs. isotype control >0.9999 0.3338

Note: Leronlimab low=5 mg/kg/week; leronlimab high=10 mg/kg/week.

Table 2: STAM model 1: Mean ± SD of each parameter.

Group n
Liver-to-body  

weight ratio (%)
Whole blood 

glucose (mg/dL)
Plasma ALT 

(U/L)
Plasma AST 

(U/L)

Plasma 
triglyceride (mg/

dL)

Normal 8 4.6 ± 0.2 194 ± 25 19 ± 2 45 ± 13 115 ± 39

Isotype control 7 8.4 ± 1.4 600 ± 107 44 ± 36 113 ± 72 1937 ± 1692

Leronlimab low 8 8.1 ± 0.9 642 ± 160 29 ± 7 76 ± 35 653 ± 312

Leronlimab high 8 8.0 ± 1.2 548 ± 80 34 ± 8 78 ± 28 1501 ± 2087

Compared with the normal group, plasma liver enzymes, 
whole blood glucose, and plasma Triglyceride (TG) levels were 
significantly increased in the isotype control group, confirming 
successful disease induction (Tables 1,2). No significant differences 
were observed between the isotype control and leronlimab-treated 
groups for these parameters.

To evaluate disease activity, Hematoxylin and Eosin (H and E) 
staining was performed and the NAFLD Activity Score (NAS) 
was calculated. The NAS was significantly increased in the isotype 
control group compared with the normal group (Table 3). Both 
leronlimab-treated groups (5 mg/kg/week and 10 mg/kg/week) 
showed a significant reduction in total NAS compared with the 
isotype control group. Although each individual NAS component 

(steatosis, inflammation, and ballooning) showed numerical 
reductions in the leronlimab-treated groups, none reached statistical 
significance individually; the reduction in total NAS reflected the 
combined effect across components.

Histological assessment of fibrosis by Sirius red staining 
demonstrated a significant reduction in fibrosis area in the 
leronlimab 10 mg/kg/week group compared with the isotype 
control group after 3 weeks of treatment, whereas no significant 
effect was observed with the 5 mg/kg/week dose (Figure 1a). 
Representative Sirius red-stained liver sections are shown in (Figure 
1b-1c). Based on the lack of significant antifibrotic effect at 5 mg/
kg/week, this dose was not evaluated in the confirmatory study 
(STAM model 2).

Table 3: NAFLD Activity Score (NAS) STAM model 1.

Group n

Score
NAS

(Mean ± 
SD)

Steatosis Lobular inflammation Hepatocyte ballooning

1 2 3 0 1 2 3 0 1 2

Normal 8 8 - - - 8 - - - 8 - - 0.0 ± 0.0

Isotype control 7 1 4 2 - - - 3 4 3 2 2 4.6 ± 0.5

Leronlimab low 8 2 6 - - - 1 6 1 6 1 1 3.1 ± 1.0

Leronlimab high 8 3 5 - - - 2 4 2 6 1 1 3.0 ± 1.1

Note: Leronlimab low=5 mg/kg/week; leronlimab high=10 mg/kg/week; Steatosis: P values by Bonferroni multiple comparison test: Normal vs. isotype 
control 0.0003; leronlimab low (5 mg/kg/week) vs. isotype control 0.3773; leronlimab high (10 mg/kg/week) vs. isotype control 0.1406. P values by 
Student’s t-test: Normal vs. isotype control 0.0002; leronlimab low (5 mg/kg/week) vs. isotype control 0.1062; leronlimab high (10 mg/kg/week) vs. 
isotype control 0.0606; Lobular inflammation: P values by Bonferroni multiple comparison test: Normal vs. isotype control <0.0001; leronlimab low 
(5 mg/kg/week) vs. isotype control 0.1458; leronlimab high (10 mg/kg/week) vs. isotype control 0.1458. P values by Student’s t-test: Normal vs. isotype 
control <0.0001; leronlimab low (5 mg/kg/week) vs. isotype control 0.0297; leronlimab high (10 mg/kg/week) vs. isotype control 0.0599; Hepatocyte 
ballooning: P values by Bonferroni multiple comparison test: Normal vs. isotype control 0.0670; leronlimab low (5 mg/kg/week) vs. isotype control 
0.5521; leronlimab high (10 mg/kg/week) vs. isotype control 0.5521. P values by Student’s t-test: Normal vs. isotype control 0.0089; leronlimab low (5 
mg/kg/week) vs. isotype control 0.1381; leronlimab high (10 mg/kg/week) vs. isotype control 0.1381; NAS: P values by Bonferroni multiple comparison 
test: Normal vs. isotype control <0.0001; leronlimab low (5 mg/kg/week) vs. isotype control 0.0041; leronlimab high (10 mg/kg/week) vs. isotype control 
0.0019. P values by Student’s t-test: Normal vs. isotype control <0.0001; leronlimab low (5 mg/kg/week) vs. isotype control 0.0022; leronlimab high (10 
mg/kg/week) vs. isotype control 0.0019.
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Figure 1: STAM model 1 fibrosis area and representative photomicrographs of Sirius red-stained liver sections. Panel a) Fibrosis area of the 
normal control vs. isotype control vs. leronlimab 5 and 10 mg/kg/week in the STAM model 1. P values by Bonferroni multiple comparison 
test: Normal vs. isotype control <0.0001; leronlimab low (5 mg/kg/week) vs. isotype control 0.0937; leronlimab high (10 mg/kg/week) vs. 
isotype control 0.0005. P values by Student’s t-test (one sided): Normal vs. isotype control <0.0001; leronlimab low (5 mg/kg/week) vs. 
isotype control 0.0441; leronlimab high (10 mg/kg/week) vs. isotype control <0.0001; Panel b) Representative photomicrographs of Sirius 
red stained liver section for isotype control in the STAM model 1; Panel c) Representative photomicrographs of Sirius red stained liver 
section for leronlimab 10 mg/kg in the STAM model 1.

STAM model 2

As shown in Table 4 and 5, STAM model 2 was consistent 
with STAM model 1, with the isotype control group exhibiting 
significantly increased mean liver-to-body weight ratio compared 
with the normal group, with no significant differences observed 
between the isotype control group and the leronlimab-treated 
group. During the treatment period, one mouse died and two mice 
were euthanized in the isotype control group; no premature deaths 
or euthanasia occurred in the leronlimab-treated group.

Plasma Alanine Aminotransferase (ALT) and Aspartate 
Aminotransferase (AST) levels, whole blood glucose, and plasma 
triglyceride levels were significantly increased in the isotype 
control group compared with the normal group (Tables 4,5). No 
significant differences were observed between the isotype control 

and leronlimab-treated groups for these biochemical parameters 
(Tables 4,5).

The NAS was significantly increased in the isotype control 
group compared with the normal group (Table 6). Treatment 
with leronlimab resulted in a significant reduction in total NAS 
compared with the isotype control group, driven primarily by a 
significant reduction in hepatocyte ballooning.

Histological assessment by Sirius red staining demonstrated a 
significant reduction in fibrosis area in the leronlimab-treated 
group compared with the isotype control group (Figure 2a). 
Representative Sirius red-stained liver sections for the isotype 
control and leronlimab (10 mg/kg/week) groups are shown 
respectively (Figure 2b-2c). Compared with the normal group, 
increased fibrosis area was observed in both treatment groups.

Table 4: STAM model 2: Between group differences in mouse parameters. AFLD Activity Score (NAS) STAM model 1.

Comparison Bonferroni multiple comparison test (p-value) Student’s t-test (p-value)

Liver-to-body weight ratio

Normal vs. isotype control <0.0001 <0.0001
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Leronlimab high vs. isotype control 0.2548 0.1056

Whole blood glucose

Normal vs. isotype control <0.0001 <0.0001

Leronlimab high vs. isotype control 0.4156 0.1519

Plasma ALT

Normal vs. isotype control 0.0568 <0.0001

Leronlimab high vs. isotype control 0.0127 0.0151

Plasma ALT

Normal vs. isotype control 0.9352 0.1473

Leronlimab high vs. isotype control 0.0765 0.0281

Plasma triglyceride

Normal vs. isotype control 0.0007 <0.0001

Leronlimab high vs. isotype control 0.9349 0.2823

Note: Leronlimab high=10 mg/kg/week.

Table 5: STAM model 2: Mean ± SD of each parameter.

Group n
Liver-to-body  

weight ratio (%)
Whole blood 

glucose (mg/dL)
Plasma ALT (U/L) Plasma AST (U/L)

Plasma triglyceride 
(mg/dL)

Normal 12 4.5 ± 0.4 191 ± 17 20 ± 3 73 ± 63 102 ± 41

Isotype control 9 7.6 ± 1.0 522 ± 72 45 ± 6 96 ± 16 1109 ± 728

Leronlimab high 8 8.2 ± 1.3 498 ± 30 78 ± 41 164 ± 99 1294 ± 705

Table 6: NAFLD Activity Score (NAS) STAM model 2.

Group n

Score
NAS

(Mean ± 
SD)

Steatosis Lobular inflammation Hepatocyte ballooning

0 1 2 3 0 1 2 3 0 1 2

Normal 12 12 - - - 12 - - - 12 - - 0.0 ± 0.0

Isotype 
control

9 1 8 - - - - 5 4 1 4 4 4.7 ± 0.5

Leronlimab 
high

12 6 5 1 - - - 5 7 11 1 - 3.3 ± 0.9

Note: Leronlimab high=10 mg/kg/week ; Steatosis: P values by Bonferroni multiple comparison test: Normal vs. isotype control 0.0002; leronlimab high 
(10 mg/kg/week) vs. isotype control 0.2514. P values by Student’s t-test: Normal vs. isotype control <0.0001; leronlimab high (10 mg/kg/week) vs. isotype 
control 0.1126; Lobular inflammation: P values by Bonferroni multiple comparison test: Normal vs. isotype control <0.0001; leronlimab high (10 mg/
kg/week) vs. isotype control 0.9052. P values by Student’s t-test: Normal vs. isotype control <0.0001; leronlimab high (10 mg/kg/week) vs. isotype control 
0.2760; Hepatocyte ballooning: P values by Bonferroni multiple comparison test: Normal vs. isotype control <0.0001; leronlimab high (10 mg/kg/week) 
vs. isotype control <0.0001. P values by Student’s t-test: Normal vs. isotype control <0.0001; leronlimab high (10 mg/kg/week) vs. isotype control <0.0001; 
NAS: P values by Bonferroni multiple comparison test: Normal vs. isotype control <0.0001; leronlimab high (10 mg/kg/week) vs. isotype control <0.0001. 
P values by Student’s t-test: Normal vs. isotype control <0.0001; leronlimab high (10 mg/kg/week) vs. isotype control 0.0002.
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CCl4-induced liver fibrosis model

Results from the CCl
4
-induced liver fibrosis model were consistent 

with those observed in the STAM models (Table 7,8). The isotype 
control group exhibited a significant increase in mean liver-to-
body weight ratio compared with the normal group. No significant 
differences in liver-to-body weight ratio were observed between 
the isotype control and leronlimab-treated groups. No premature 
deaths or euthanasia occurred during the study.

Plasma Alanine Aminotransferase (ALT) levels were significantly 
increased in the CCl

4
-treated isotype control group compared with 

the non-CCl
4
-treated normal group, consistent with CCl

4
-induced 

hepatotoxicity. No significant differences in plasma ALT levels 
were observed between the isotype control and leronlimab-treated 

groups (Tables 7,8).

Hepatic hydroxyproline content did not differ significantly between 
the isotype control and leronlimab-treated groups by either Bonferroni 
multiple comparison testing or Student’s t-test (Table S9).

In contrast, histological assessment of fibrosis by Sirius red staining 
demonstrated a significant increase in fibrosis area in the isotype 
control group compared with the normal group, and a significant 
reduction in fibrosis area in the leronlimab-treated group compared 
with the isotype control group (Figure 3a). Representative Sirius 
red-stained liver sections from the isotype control and leronlimab-
treated (10 mg/kg/week) groups are shown respectively (Figure 
3b,3c). Compared with the normal group, increased fibrosis area 
was observed in both CCl

4
-exposed groups.

Figure 2: STAM model 2 fibrosis area and representative photomicrographs of Sirius red-stained liver sections. Panel a) Fibrosis area of the 
normal control vs. isotype control vs. leronlimab 10 mg/kg/week in the STAM model 2. P values by Bonferroni multiple comparison test: 
Normal vs. isotype control <0.0001; leronlimab high (10 mg/kg/week) vs. isotype control <0.0001. P values by Student’s t-test (one-sided): 
Normal vs. isotype control <0.0001; leronlimab high (10 mg/kg/week) vs. isotype control <0.0001; Panel b) Representative photomicrographs 
of Sirius red stained liver section for isotype control in the STAM model 2; Panel c) Representative photomicrographs of Sirius red stained 
liver section for leronlimab 10 mg/kg in the STAM model 2.

Table 7: CCl
4
 model: Between group differences in parameters.

Comparison Bonferroni multiple comparison test (p-value) Student’s t-test (p-value)

Liver-to-body weight ratio

Normal vs. isotype control 0.0569 0.0132
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Leronlimab high vs. isotype control >0.9999 0.3666

Plasma ALT

Normal vs. isotype control <0.0001 <0.0001

Leronlimab high vs. isotype control >0.9999 0.3484

Note: Leronlimab high=10 mg/kg/week.

Table 8: CCl
4
 model: Mean ± SD of each parameter

Group n Liver-to-body  weight ratio (%) Plasma ALT (U/L)

Normal 12 4.4 ± 0.3 14 ± 2

Isotype control 12 4.7 ± 0.4 25 ± 6

Leronlimab high 12 4.8 ± 0.4 26 ± 3

Figure 3: CCl4-induced liver fibrosis model: fibrosis area and representative photomicrographs of Sirius red-stained liver sections. Panel 
a) Fibrosis area of the normal control group vs. isotype control vs. leronlimab 10 mg/kg/week in the CCl4 mouse model. P values by 
Bonferroni multiple comparison test: Normal vs. isotype control <0.0001; leronlimab high (10 mg/kg/week) vs. isotype control 0.0006. P 
values by Student’s t-test 9one-sided): normal vs. isotype control <0.0001; leronlimab high (10 mg/kg/week) vs. isotype control 0.0009; Panel 
b) Representative photomicrographs of Sirius red-stained liver sections for isotype control in the CCl

4
 mouse model; Panel c) Representative 

photomicrographs of Sirius red-stained liver sections for leronlimab 10 mg/kg in the CCl
4
 mouse model.



9

Palmer M, et al. 

J Liver, Vol. 15 Iss. 1 No: 1000281

DISCUSSION

In the present study, leronlimab, a CCR5-blocking monoclonal 
antibody, was evaluated in two mechanistically distinct preclinical 
mouse models of liver fibrosis, including a metabolic injury-driven 
model (STAM) and a toxin-induced model (CCl4). Across these 
models, leronlimab treatment was consistently associated with 
a significant reduction in histologically quantified fibrosis area, 
supporting a potential role for CCR5 blockade in modulating 
fibrogenic processes in the liver. To our knowledge, this study 
represents the first systematic evaluation of the antifibrotic effects 
of leronlimab in established preclinical models of liver fibrosis.

In both STAM model 1 and the confirmatory STAM model 2, 
treatment with leronlimab resulted in a significant reduction 
in fibrosis area compared with isotype control. Although total 
NAFLD Activity Score (NAS) was reduced in both STAM studies, 
improvements in individual NAS components were limited. In 
STAM model 1, reductions in NAS reflected combined numerical 
changes across steatosis, inflammation, and ballooning, whereas 
in STAM model 2 the reduction in NAS was driven primarily by 
a significant decrease in hepatocyte ballooning. Variability in the 
assessment of ballooning, which is known to exhibit substantial 
intra- and interobserver variability in both experimental models 
and human MASH, as well as differences in sample size between 
the two studies, may have contributed to these observations.

Notably, reductions in fibrosis area were observed in the absence of 
significant improvements in steatosis or inflammatory parameters, 
including serum transaminases. Given the established sequence of 
liver injury, inflammation, and fibrosis, these findings do not imply 
that fibrosis was modulated independently of inflammation. Rather, 
they suggest that CCR5 blockade by leronlimab may influence 
fibrogenic pathways involved in the maintenance or progression 
of established fibrosis, potentially through effects on immune cell 
recruitment, macrophage-stellate cell interactions, or extracellular 
matrix remodeling. These interpretations are consistent with prior 
studies implicating the CCL5-CCR5 axis in hepatic fibrogenesis via 
effects on macrophages and hepatic stellate cells.

The antifibrotic effects observed in the CCl4-induced liver fibrosis 
model further support the consistency of leronlimab’s effects across 
distinct etiologies of liver injury. The CCl4 model is characterized by 
hepatocellular injury, inflammatory cytokine release, and progressive 
fibrosis and is widely used to assess antifibrotic interventions. In 
this model, leronlimab significantly reduced fibrosis area by Sirius 
red staining, despite no significant changes in serum ALT levels, a 
finding that parallels the observations in the STAM models.

Several limitations of this study should be acknowledged. The 
STAM model develops mild to moderate perisinusoidal and 
pericellular fibrosis and does not progress to advanced bridging 
fibrosis. As such, the magnitude of antifibrotic effects observed 
here may not fully reflect potential effects in more advanced 
disease stages. Nevertheless, the fibrosis pattern observed in STAM 
mice resembles the perisinusoidal fibrosis characteristic of early to 
intermediate stages of human MASH, supporting the relevance of 
this model for evaluating antifibrotic interventions in this disease 
context.

In addition, while hydroxyproline quantification provides a 
measure of total hepatic collagen content, it does not capture 
spatial localization of fibrosis and may include collagen from non-
pathological regions. This methodological limitation may explain 

the lack of significant changes in hydroxyproline content in the 
CCl

4
 model despite clear reductions in fibrosis area assessed by 

Sirius red staining.

Importantly, this study did not directly assess cellular or molecular 
mechanisms underlying the observed antifibrotic effects, such as 
changes in hepatic stellate cell activation, macrophage infiltration, 
or extracellular matrix turnover. Future studies incorporating 
immunohistochemical and molecular analyses will be required 
to elucidate the precise mechanisms by which CCR5 blockade 
modulates fibrogenic pathways in the liver.

CONCLUSION

In conclusion, the present preclinical findings demonstrate that 
leronlimab treatment is associated with a significant reduction in 
liver fibrosis across multiple mouse models. These results support 
further investigation of leronlimab, either as monotherapy or in 
combination with other agents, for chronic liver diseases with 
fibrosis of varied etiologies.
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