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Abstract

Background: Rheumatoid arthritis (RA) is a chronic autoimmune disorder characterized by synovial hyperplasia, persistent inflammation, and joint
destruction. Targeted inhibition of intracellular signaling pathways, such as JAK-STAT, has improved RA treatment outcomes, though safety and selectivity
remain as concerns. Brepocitinib, a dual TYK2[JAK1 inhibitor, has shown clinical efficacy in the management of autoimmune diseases, yet its mechanistic impact
on synoviocytes remains underexplored.

Objectives: To investigate the molecular and functional effects of brepocitinib on MH7A and RA-FLS synoviocytes, a key effector cell type in RA pathogenesis.

Methods: MH7A and RA-FLS cells were treated with brepocitinib (0.5 pM, 1 pM, and 5 uM) for 24 hours. Cell viability was assessed. Western blotting was used to
examine phosphorylation of TYK2, JAK1, STAT1/3, and apoptotic markers (BAX, BCL-2, caspase-3). Quantitative PCR and ELISA were performed to evaluate mRNA
and protein levels, respectively, of IL-6, TNF-a, and IFN-y. Wound healing assays measured synoviocyte migration.

Results: Brepocitinib maintained > 85% cell viability across all doses, compared with ~20% viability in doxorubicin-treated controls. At 5 pM, phosphorylation
of JAK1 and STAT3 was suppressed by > 80%, while TYK2 and STATI1 inhibition reached ~70%. IL-6 and TNF-a transcripts were reduced by > 80% and IFN-y by ~70%,
with corresponding decreases in secreted cytokines (IL-6: 100 pg/mL to 20 pg/mL; TNF-a: 150 pg/mL to 15 pg/mL; IFN-y: 41 pg/mL to 11 pg/mL). Brepocitinib shifted
the BAX/BCL-2 ratio fourfold in favor of apoptosis and increased cleaved caspase-3 levels to ~80% of maximal response. Functionally, it reduced wound closure
from ~75% in controls to ~20% at 5 uM, confirming potent inhibition of synoviocyte migration.

Conclusions: Brepocitinib exerts multi-faceted effects on RA synoviocytes by simultaneously inhibiting inflammatory signaling, suppressing cytokine
expression, restoring apoptotic sensitivity, and reducing migratory potential. These findings provide mechanistic support for brepocitinib as a targeted
therapeutic agent in RA.

Keywords: Brepocitinib, Rheumatoid Arthritis, TYK2, JAK1, Synoviocytes, JAK-STAT Signaling, Cytokines, Apoptosis, Migration,
MH?7A, Inflammation, Targeted Therapy
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1. Background

Rheumatoid arthritis (RA) is a chronic, systemic
autoimmune disorder characterized by persistent
synovial inflammation, aberrant immune activation,
and progressive destruction of articular cartilage and
bone (1). Affecting approximately 0.5 - 1% of the global
population, RA not only imposes a significant burden on
individual patients but also contributes to substantial

socioeconomic costs due to disability and treatment
expenses (2). Central to RA pathology is the
hyperactivation of fibroblast-like synoviocytes (FLS) — a
key stromal cell population within the synovial
membrane (3). Under normal conditions, FLS maintain
joint homeostasis by producing extracellular matrix
components and lubricants (4). However, in RA, these
cells adopt an aggressive phenotype, characterized by
autonomous proliferation, resistance to apoptosis, and
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invasive migration into cartilage and bone (3-5).
Activated FLS also produce high levels of pro-
inflammatory cytokines (e.g., IL-6, TNF-a, IFN-y) and
matrix metalloproteinases, thereby amplifying local
inflammation and driving joint destruction (6). The
Janus kinase (JAK)-signal transducer and activator of
transcription (STAT) signaling axis plays a pivotal role in
the orchestration of cytokine signaling in RA (7). In
particular, JAK1 and TYK2 mediate intracellular signaling
of multiple pro-inflammatory cytokines, such as IL-6,
type I interferons, and IL-12/23, which are implicated in
RA pathogenesis (8). Consequently, inhibition of JAK
family members has emerged as an effective strategy in
RA management, as evidenced by FDA approval of
tofacitinib  (JAK1/3 inhibitor), baricitinib (JAK1/2
inhibitor), and upadacitinib (selective JAK1 inhibitor) in
the treatment of RA (9). Brepocitinib is a next-
generation, dual TYK2[JAK1 inhibitor that exhibits high
potency and selectivity, offering a broader blockade of
inflammatory signaling pathways while potentially
sparing JAK2-dependent hematopoietic functions (10).
Kinase profiling studies have demonstrated that
brepocitinib inhibits TYK2 and JAK1 with nanomolar
potency (ICso = 22.7 and 16.8 nM, respectively), while
showing markedly reduced activity against JAK2 (76.6
nM) and JAK3 (6,490 nM), and minimal inhibition across
a panel of > 150 non-JAK kinases (10). These data support
its designation as a selective dual TYK2[JAK1 inhibitor.
Brepocitinib has shown promising efficacy in clinical
trials of psoriatic arthritis, lupus, and hidradenitis
suppurativa. However, its mechanistic impact on RA
synoviocytes remains largely uncharacterized (10-12).
Our findings demonstrate that brepocitinib, at
concentrations up to 5 pM, is non-cytotoxic but exerts
potent inhibition of the TYK2[JAKI-STAT axis. This
suppression translates into a marked reduction in the
expression and secretion of pro-inflammatory
cytokines, including IL-6, TNF-a, and IFN-y. Furthermore,
brepocitinib reactivates apoptotic pathways in RA
synoviocytes by modulating BAX/BCL-2 expression and
caspase-3 activation. Functionally, it significantly
impairs synoviocyte migration, a critical process in
pannus formation and joint destruction. Together, these
data support a multi-modal mechanism through which
brepocitinib counteracts RA pathophysiology, providing
mechanistic insight into its therapeutic potential and
setting the stage for further in vivo validation.

2. Objectives

In this study, we comprehensively characterized the
effects of brepocitinib on MH7A synoviocytes to explore
its potential targets in the treatment of RA.

3. Methods

3.1. Reagents and Cell Line

Brepocitinib (PF-06700841), a selective TYK2/JAK1
inhibitor, was obtained from Selleck Chemicals and
prepared as a 10 mM stock solution in DMSO. Additional
reagents including MTT solution, TRIzol, SYBR Green PCR
master mix, cDNA synthesis kit, and enhanced
chemiluminescence (ECL) substrate were purchased
from Thermo Fisher Scientific. ELISA kits specific for
human IL-6, TNF-a, and IFN-y were obtained from R&D
systems. Primary antibodies against p-TYK2, TYK2, p-JAK],
JAK1, p-STAT1, STAT1, p-STAT3, STAT3, BAX, BCL-2, cleaved
caspase-3, total caspase-3, and GAPDH were purchased
from cell signaling technology.

MH7A cells, a human RA synoviocyte line, were
cultured in Dulbecco’s Modified Eagle Medium (DMEM)
supplemented with 10% fetal bovine serum (FBS) and 1%
penicillin-streptomycin. Cells were maintained at 37°C
in a humidified atmosphere of 5% CO,. Cells were
treated with brepocitinib at final concentrations of 0.5
M, 1 uM, or 5 utM. DMSO was used as the vehicle control
at a consistent concentration of 0.1% in all groups. For
clarity, these concentrations are referred to throughout
the manuscript as low (0.5 pM), medium (1 uM), and
high (5 uM) doses.

Primary RA fibroblast-like synoviocytes (RA-FLS; HFLS-
RA, Cell Applications, Cat. No. 408RA-05a) were cultured
according to the supplier’s instructions in Synoviocyte
growth medium (Cell Applications, Cat. No. 415-500).
Cells were maintained at 37°C in 5% CO» and used
between passages 3 - 6 to ensure phenotypic stability. RA-
FLS were treated with brepocitinib at the same
concentrations (0.5, 1, 5 pM, 24 h) for dose-response
experiments, or with 1 uM brepocitinib for time-course
experiments (0, 30, 60, 240 min, and 24 h). Tofacitinib (1
pM;  Selleck Chemicals) was included as a
pharmacological comparator in selected experiments.

Brepocitinib was tested at 0.5, 1, and 5 pM,
concentrations selected based on previously reported
pharmacokinetic data showing that therapeutic plasma
exposures in clinical studies fall within the low
micromolar range (Cmax ~1 - 2 pM). Thus, our
experimental range encompasses clinically relevant

Iran ] Pharm Res. 2026; 25(1): e166019


https://brieflands.com/journals/ijpr/articles/166019

Saeed Uet al.

Brieflands

concentrations while allowing assessment of dose-
response relationships (13, 14).

3.2. Cell Viability Assay

To evaluate cytotoxicityy, the MTT [3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide]
assay was performed using MH7A cells seeded in 96-well
plates at a density of 10,000 cells per well. After 24 hours
of brepocitinib treatment, 10 pL of MTT reagent (5
mg/mL) was added and MTT was performed (15).

3.3. Western Blotting

For protein analysis, MH7A cells were lysed using
RIPA buffer supplemented with protease and
phosphatase inhibitors. Protein concentrations were
determined using the bicinchoninic acid (BCA) method.
Equal amounts of protein (30 ng) were separated by SDS-
PAGE, transferred, and blotted as described (13-15).
Primary antibodies were obtained from cell signaling
technology (CST; catalog numbers: p-TYK2 #9321, TYK2
#14193, pJAKI #3331, JAKI #3344, p-STATI #7649, STATI
#14994, p-STAT3 #9145, STAT3 #12640, BAX #2772, BCL-2
#4223, cleaved caspase-3 #9664, caspase-3 #9662, GAPDH
#5174). GAPDH was used as a loading control. Blots were
developed using ECL substrate (Thermo Fisher) and
imaged on a Bio-Rad ChemiDoc system. Densitometric
quantification was performed using Image], with band
intensities normalized to GAPDH and expressed as
relative fold-change compared with vehicle control. For
time-course experiments, primary RA-FLS (HFLS-RA)
were treated with brepocitinib (1 utM) and harvested at
15, 30, 60, 240 minutes, and 24 hours. Western blotting
was performed for p-STAT1, STAT1, p-STAT3, and STAT3 to
evaluate the kinetics of signaling inhibition.

3.4. Quantitative PCR

Total RNA was extracted from MH7A cells using TRIzol
reagent, and their cDNAs were synthesized from 1 pg of
RNA using a reverse transcription kit. Real-time PCR was
conducted as previously described (13). Each reaction
was run in triplicate, and relative gene expression was

calculated using the 2"MC method with GAPDH as the
reference gene. Primer sequences for IL-6, TNF-a, IFN-y,
and GAPDH are provided in Appendix 1 in
Supplementary File. Results are reported as mean fold-
change * SD from at least three independent
experiments.
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3.5. Enzyme-Linked Immunosorbent Assay

Supernatants from MH7A cells were collected after
24-hour treatment and analyzed for cytokine
concentrations using ELISA kits for IL-6, TNF-a, and IFN-y
according to the manufacturer’s instructions.
Absorbance was measured at 450 nm, and cytokine
levels were calculated based on the standard generated
curves. Values were expressed in pg/mL and normalized
to total protein content. Each condition was assayed in
triplicate per experiment, with three independent
biological replicates. Results are expressed as pg/mL
normalized to total protein content and reported as
mean x SD.

3.6. Apoptosis Analysis

Apoptosis was evaluated by examining BAX/BCL-2
protein ratios and cleaved caspase-3 expression using
Western blot. MH7A cells were treated with brepocitinib
(0.5, 1, or 5 uM) for 24 hours, lysed, and analyzed for
apoptotic markers. Densitometry was performed using
Image], and the BAX/BCL-2 ratio was calculated as
normalized band intensities. Cleaved caspase-3 was
expressed as a percentage relative to total caspase-3
protein. As a positive control, MH7A cells were treated
with doxorubicin (1 pM, 24 h), a well-established
apoptosis inducer via DNA damage and mitochondrial
pathway activation, to validate assay sensitivity. This
ensured that brepocitinib-induced effects could be
distinguished from non-specific cytotoxic responses.

3.7.Wound Healing Assay

MHZ7A cells were seeded in 6-well plates and cultured
to confluence. A linear scratch was made using a sterile
200 uL pipette tip, and debris was removed by washing
with phosphate-buffered saline (PBS). Cells were treated
with brepocitinib in serum-free medium. Images were
taken at 0 h and 24 h using a phase-contrast microscope.
Wound closure was quantified by two independent
blinded investigators using Image], with closure
percentage calculated as: A lower wound closure
percentage indicates reduced migratory capacity of
synoviocytes. Three independent experiments were
performed, each with duplicate wells per condition.

Equation 1.

A ~A
Wound closure <%> _ Areaonn reas,

Areazan O]
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Figure 1. Effects of brepocitinib on MH7A cell viability and JAK-STAT pathway activation. A, cell viability of MH7A synoviocytes following treatment with brepocitinib at
concentrations of 0.5 1M, 1 M, and 5 pM for 24 hours. MTT assay was performed, and absorbance at 570 nm was normalized to DMSO control (0.1%). Data represent mean + SD
from three independent experiments. * P < 0.05 vs. vehicle. Although small statistical differences were detected at 1 pM and 5 pM, all brepocitinib-treated groups maintained
viability above the predefined non-cytotoxic threshold (> 85% of vehicle). Therefore, these changes are considered not biologically relevant and confirm that brepocitinib is non-
cytotoxic within the tested range. doxorubicin (1 pM) was used as a positive control and showed a marked reduction (~20%) in viability, validating assay responsiveness. B,
brepocitinib suppresses phosphorylation of JAK-STAT pathway proteins in MH7A synoviocytes. MH7A cells were treated with brepocitinib at concentrations of 0.5 pM, 1M, and 5
pM for 24 hours. Western blot analysis was performed to assess the expression of phosphorylated and unphosphorylated forms of TYK2, JAK1, STAT1, and STAT3. GAPDH was used
as a loading control. Protein lysates (30 pg per lane) were resolved by SDS-PAGE and probed with specific antibodies as indicated. Blots are representative of three independent
experiments. Regression analysis confirmed a significant concentration-dependent reduction in p-JAK1 and p-STAT3 (R? > 0.90, P < 0.01). C, validation in primary RA-FLS (HFLS-
RA). Cells were treated with brepocitinib (0.5, 1, 5 pM, 24 h) or tofacitinib (1 pM) and analyzed by Western blot for p-TYK2, TYK2, p-JAK1, JAK1, p-STAT1, STATI, p-STAT3, and STAT3.
GAPDH served as loading control. Results represent mean + SD from three independent experiments. Low, medium, and high doses correspond to 0.5, 1, and 5 1M brepocitinib,
respectively. Regression analysis also confirmed dose-dependent suppression of p-TYK2, p-JAK1, p-STAT1, and p-STAT3 in RA-FLS (R? > 0.88, P < 0.01). D, primary RA-FLS (HFLS-RA)
were treated with brepocitinib (1 uM) for 0, 30, 60, 240 minutes, and 24 hours. Western blot analysis was performed for p-STAT1, STAT1, p-STAT3, and STAT3, with GAPDH serving as
the loading control. Values represent mean * SD from at least three independent experiments. Significance compared with control: * P < 0.05, *** P < 0.001. Two-way ANOVA
demonstrated significant effects of treatment, time, and their interaction (P < 0.05). In all experiments, low, medium, and high doses correspond to 0.5 pM, 1 pM, and 5 uM
brepocitinib, respectively.

< 0.0, * P < 0.001 were considered statistically
3.8. Statistical Analysis significant.
All data are presented as mean + standard deviation
4. Results

(SD) from at least three independent experiments.
Statistical significance was determined by one-way

analysis of variance (ANOVA) followed by Tukey’s
multiple comparison test. For cytokine analyses across
multiple groups, corrections for multiple comparisons
were applied (Bonferroni). For dose-response
experiments, regression analysis was used to confirm
concentration-dependent trends. Two-way ANOVA was
applied to time-course experiments to test for
interaction between time and treatment. * P < 0.05, ** P

4.1. Brepocitinib Is Non-cytotoxic at Therapeutically Relevant
Concentrations in MH7A Synoviocytes

To determine non-cytotoxic concentrations of
brepocitinib, MH7A synoviocytes were treated with 0.5
puM, 1 pM, and 5 pM for 24 hours, followed by MTT assay.
As shown in Figure 1A, all tested concentrations
maintained cell viability above 85%. We prospectively
defined > 85% of the vehicle signal as the non-cytotoxic
threshold for MH7A cells. Although small reductions at1
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pM and 5 pM reached statistical significance, the effect
sizes were modest (< 10 - 15% vs vehicle) and remain
within this predefined non-cytotoxic range. Because
MTT primarily reflects mitochondrial reductase activity,
such small statistical differences indicate assay
sensitivity and metabolic modulation rather than overt
cell death. By contrast, the doxorubicin positive control
reduced viability to ~20% (confirming assay
responsiveness), which we consider a biologically
meaningful toxic effect. These results establish that
brepocitinib, up to 5 uM, does not produce biologically
relevant cytotoxicity over 24 h, and that subsequent
experiments using these concentrations reflect specific
pharmacological effects rather than nonspecific toxicity.

4.2. Brepocitinib Inhibits JAK-STAT Signaling in a Dose-
Dependent Manner

Having established a safe and therapeutically
relevant dose range, we next investigated whether
brepocitinib effectively inhibits the JAK-STAT pathway, a
key mediator of inflammatory signaling in RA
synoviocytes. Western blot analysis (Figure 1B) revealed a
dose-dependent suppression of phosphorylated TYK2,
JAK1, STAT1, and STAT3 after 24-hour treatment. Notably,
phosphorylation levels of p-JAK1 and p-STAT3 were
reduced by over 80% at 5 uM brepocitinib, while total
protein levels of each target remained unchanged,
indicating specific inhibition of pathway activation.
This confirms brepocitinib’s direct effects on the
intracellular signaling of MH7A cells.

To validate these findings in a more physiologically
relevant context, primary RA-FLS (HFLS-RA) were
analyzed under identical conditions (Figure 1C).
Brepocitinib again produced a dose-dependent
reduction in p-TYK2, p-JAK1, p-STATI, and p-STAT3 (45 - 80%
inhibition at1- 5 uM), while total protein expression was
unaffected. In contrast, tofacitinib (1 pM) significantly
inhibited JAK1 and STAT3 phosphorylation but showed
minimal effects on TYK2, confirming differential
selectivity. These results demonstrate that brepocitinib’s
dual TYK2[JAK1 blockade is preserved in primary RA
synoviocytes and can be benchmarked against an
established JAK inhibitor. Regression analysis again
confirmed a significant dose-dependent suppression of
p-TYK2, p-JAK1, p-STAT1, and p-STAT3 (R? > 0.88, P < 0.01).

To further assess the temporal dynamics of pathway
inhibition, RA-FLS were treated with brepocitinib (1 pM)
and harvested at 0, 30, 60, 240 minutes, and 24 hours

Iran ] Pharm Res. 2026; 25(1): 166019

(Figure 1D). Western blotting showed a rapid decline in
p-STAT1 and p-STAT3 within 30 minutes, reaching
maximal suppression by 60 minutes (~85% reduction),
with inhibition largely sustained through 24 hours.
Total STAT1 and STAT3 levels remained unchanged across
all timepoints, indicating that brepocitinib exerts a
rapid and durable blockade of downstream signaling.
Two-way ANOVA demonstrated significant effects of
treatment, time, and their interaction (P < 0.05).

4.3. Brepocitinib Reduces Pro-inflammatory
Expression at Both mRNA and Protein Levels

Cytokine

To assess downstream functional outcomes of JAK-
STAT inhibition, we measured the expression of key
inflammatory cytokines, IL-6, TNF-a, and IEN-y, at both
the mRNA and protein levels. QPCR analysis showed
significant, dose-dependent downregulation of all three
cytokine mRNAs (Figure 2A). At 5 pM, IL-6 and TNF-a
transcript levels were reduced by over 80%, while IFN-y
mRNA was suppressed by 70%. To confirm the inhibitory
effects of JAK-STAT blockade in synovial fibroblasts, we
assessed mRNA expression of inflammatory cytokines in
RA-FLS. QPCR analysis revealed a clear dose-dependent
suppression of IL-6, TNF-a, and IFN-y mRNA following
brepocitinib treatment (Figure 2B). At 1 pM, IL-6, TNF-q,
and IFN-y levels were reduced by approximately 25 - 35%
compared to control. At 5 uM, IL-6 and TNF-a expression
declined by nearly 50%, while IFN-y decreased by ~35%.
At 10 pM, IL-6 levels were suppressed by over 75%, TNF-a
expression was reduced by more than 90%, and IFN-y
decreased by nearly 70%. These findings closely parallel
the MH7A data and highlight that brepocitinib robustly
attenuates inflammatory cytokine production.

Correspondingly, ELISA results confirmed that
brepocitinib markedly reduced cytokine secretion into
the culture medium (Figure 2C). IL-6 protein levels
decreased from 100 pg/mL in control to 20 pg/mL at 5
uM, and TNF-a levels dropped from 150 pg/mL to 15
pg/mL. ELISA confirmed that brepocitinib treatment
significantly suppressed cytokine secretion into the
culture supernatant of RA-FLS in a dose-dependent
manner (Figure 2D). IL-6 protein levels decreased from
~96 pg/mL in control to 16 pg/mL at 5 pM. TNF-a
secretion dropped from ~147 pg/mL in control cells to
~11 pg/mL at 5 pM. Similarly, IEN-y levels were reduced
from ~41 pg/mL to ~11 pg/mL. Statistical analysis with
Bonferroni-corrected group comparisons confirmed
significance for all three cytokines, and regression
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Figure 2. Analysis of pro-inflammatory cytokine expression in MH7A synoviocytes treated with brepocitinib. A, MH7A cells were treated with brepocitinib at concentrations of
0.5 pM, 1 1M, and 5 pM for 24 hours. Total RNA was extracted using TRIzol reagent, and cDNA was synthesized using a reverse transcription kit. B, RA-FLS cells were treated with
brepocitinib at concentrations of 0.5 pM, 1M, and 5 pM for 24 hours. Total RNA was extracted using TRIzol reagent, and cDNA was synthesized using a reverse transcription kit.
Quantitative real-time PCR (qQPCR) was performed using SYBR Green master mix on a QuantStudio 5 thermocycler. Specific primers were used to detect IL-6, TNF-q, and IFN-y

transcripts, with GAPDH serving as the endogenous control. Relative mRNA expression was calculated using the 228C method and normalized to DMSO-treated control cells.
Results represent the mean fold change from three independent experiments. C, cell culture supernatants of MH7A were collected from the same treatment groups after 24
hours and analyzed by enzyme-linked immunosorbent assay (ELISA). D, cell culture supernatants were collected from RA-FLS after 24 hours of brepocitinib treatment and
analyzed by enzyme-linked immunosorbent assay (ELISA). Commercially available ELISA kits were used to quantify the concentrations of IL-6, TNF-a, and IFN-y according to the
manufacturers' protocols. Absorbance was measured at 450 nm using a microplate reader, and cytokine levels were interpolated from standard curves. Data were normalized to
total protein content in each well. Results are shown as mean cytokine concentrations (pg/mL) from three independent experiments. Low, medium, and high doses correspond
to 0.5,1,and 5 pM brepocitinib, respectively. Values represent mean + SD from at least three independent experiments. Significance compared with control: * P < 0.05, ** P < 0.01,
** P < 0.001. Bonferroni-corrected comparisons confirmed significance for all cytokines, and regression analysis supported dose-dependent suppression (P < 0.01). In all
experiments, low, medium, and high doses correspond to 0.5 pM, 1 1M, and 5 1M brepocitinib, respectively.

analysis supported dose-dependent inhibition (P < 0.01).
These results highlight that brepocitinib robustly
diminishes the inflammatory cytokine milieu in RA
synoviocytes at both transcript and protein levels.

4.4. Brepocitinib Modulates Apoptotic Pathways in MH7A
Synoviocytes

Considering the apoptosis-resistant phenotype of RA
synoviocytes, we investigated whether brepocitinib
could restore pro-apoptotic signaling in MH7A cells.

Western blot analysis (Figure 3A) revealed dose-
dependent upregulation of the pro-apoptotic protein
BAX and downregulation of the anti-apoptotic protein
BCL-2, alongside a marked increase in the active cleaved
form of caspase-3, with no significant change in total
caspase-3 expression. These changes suggest activation
of the intrinsic (mitochondrial) apoptotic pathway.

To quantify this effect, we calculated the BAX/BCL-2
ratio and the relative level of cleaved caspase-3,
presented in Figure 3B. The BAX/BCL-2 ratio increased
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Figure 3. Evaluation of apoptotic markers in MH7A synoviocytes following brepocitinib treatment. A, MH7A cells were treated with brepocitinib at concentrations of 0.5 M, 1
uM, and 5 uM for 24 hours. Total cellular protein was extracted using RIPA buffer containing protease inhibitors. Protein lysates (30 ug) were subjected to SDS-PAGE and
transferred to PVDF membranes. Membranes were probed with antibodies specific to BAX, BCL-2, total caspase-3, and cleaved caspase-3. GAPDH was used as a loading control.
Immunoreactive bands were visualized using enhanced chemiluminescence (ECL), and representative blots from three independent experiments are shown. B, densitometric
analysis of Western blot bands was performed using Image] software. The ratio of BAX to BCL-2 protein expression was calculated as an indicator of pro-apoptotic signaling.
Cleaved caspase-3 levels were quantified relative to total caspase-3 and expressed as a percentage. Data represent the mean * SD from three independent experiments. Low,
medium, and high doses correspond to 0.5, 1, and 5 pM brepocitinib, respectively. Values represent mean + SD from at least three independent experiments. Significance
compared with control: * P < 0.05, ** P < 0.01, *** P < 0.001. In all experiments, low, medium, and high doses correspond to 0.5 uM, 1M, and 5 1M brepocitinib, respectively.

progressively with increasing dose, from 1.0 in DMSO
control to 4.0 at 5 pM brepocitinib, indicating a shift
toward pro-apoptotic signaling. In parallel, cleaved
caspase-3 levels reached 80% of the maximal response.
These findings confirm that brepocitinib promotes
apoptosis in MH7A synoviocytes by rebalancing BCL-2
family protein expression and activating the caspase
cascade, thereby counteracting the hyperplastic,
apoptosis-resistant phenotype typical of RA synovium.

4.5. Brepocitinib Inhibits Synoviocyte Migration

To further explore brepocitinib’s functional impact,
particularly its relevance to joint invasion and pannus
formation in RA, we performed a wound healing assay
to measure synoviocyte migration. MH7A monolayers
treated with increasing concentrations of brepocitinib
displayed a dose-dependent reduction in wound closure
at 24 hours (Figure 4A). Using the corrected formula
(shown in materials and methods), DMSO controls
closed approximately 75% of the wound, whereas
brepocitinib reduced closure to ~55% (0.5 pM), ~40% (1
uM), and ~20% (5 uM) (Figure 4B). Importantly, these
anti-migratory effects occurred under serum-free

Iran ] Pharm Res. 2026; 25(1): €166019

conditions and in the absence of biologically relevant
cytotoxicity (confirmed in Figure 1A), indicating that
brepocitinib specifically impairs cell motility. Statistical
analysis was performed using one-way ANOVA followed
by Tukey’s multiple comparison test, and significance
was indicated in Figure 4B. Regression analysis
confirmed a significant linear relationship between
concentration and inhibition of wound closure (R? >
0.95, P < 0.01). This adds a key dimension to its anti-RA

potential by limiting the invasive behavior of
synoviocytes.
4.6. A Summary Model Highlights the Integrated

Mechanisms of Brepocitinib Action

To synthesize the molecular and functional effects
observed across our experimental results, we
constructed a mechanistic summary diagram (Figure 5).
The model illustrates how brepocitinib binds and
inhibits TYK2 and JAKi1, blocking downstream STATI/3
phosphorylation. This results in the downregulation of
inflammatory cytokines (IL-6, TNF-a, IFN-y), leading to
reduced inflammation and impaired synoviocyte
migration, while simultaneously tipping the
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Figure 4. Assessment of MH7A synoviocyte migration using wound healing assay after brepocitinib treatment. A, MH7A synoviocytes were cultured to confluence in 6-well plates
and treated with brepocitinib at concentrations of 0.5 pM, 1M, and 5 pM, or with 0.1% DMSO as vehicle control. A linear scratch ("wound") was introduced using a sterile 200 pL
pipette tip, and wells were washed with PBS to remove detached cells. Cells were incubated in serum-free medium containing the indicated treatments. Phase-contrast images
were taken at 0 and 24 hours using an inverted microscope to monitor wound closure. B, quantification of wound closure was performed using Image] software. Wound area at
0 and 24 hours was measured for each treatment group, and percentage closure was calculated using the Equation 1. Data represent the mean + SD from three independent
experiments. Low, medium, and high doses correspond to 0.5, 1, and 5 M brepocitinib, respectively. Values represent mean + SD from at least three independent experiments.
Significance compared with control: * P < 0.05, ** P < 0.01, *** P < 0.001. Regression analysis confirmed a significant linear relationship between concentration and inhibition of

wound closure (RZ > 0.95, P <0.01). In all experiments, low, medium, and high doses correspond to 0.5 pM, 1 1M, and 5 M brepocitinib, respectively.

intracellular balance toward apoptosis (via increased
BAX/BCL-2 ratio and caspase-3 activation). Together,
these data reveal that brepocitinib exerts multi-faceted
therapeutic effects against synovial pathology in RA.

5. Discussion

Cancer, autoimmune disorders, and infectious
diseases continue to impose a significant global health
burden, contributing to chronic disability, reduced
quality of life, and escalating healthcare costs (16-20).
Among these, RA is marked by chronic synovial
inflammation, immune dysregulation, and pathological
remodeling of the joint environment (1, 2). Although
current JAK inhibitors have advanced RA treatment,
their limited selectivity and associated adverse effects
underscore the need for more targeted therapeutics. In

this study, we systematically evaluated the molecular
and cellular effects of brepocitinib, a dual TYK2[JAK1
inhibitor, in MH7A synoviocytes, which serve as an
established in vitro model for human RA pathogenesis.

Our results demonstrate that brepocitinib exerts a
multi-dimensional profile by inhibiting inflammatory
signaling, suppressing cytokine expression, promoting
apoptosis, and impairing synoviocyte migration — four
hallmarks of RA pathology. These findings are consistent
with earlier preclinical and clinical observations in
psoriatic arthritis, lupus, and hidradenitis suppurativa,
where brepocitinib showed robust immunomodulatory
activity (12, 13).

We first confirmed that brepocitinib is non-cytotoxic
at concentrations up to 5 pM in MH7A cells, allowing
downstream effects to be attributed to targeted
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Figure 5. Mechanistic summary of brepocitinib’s molecular and functional effects in MH7A synoviocytes. This diagram synthesizes findings from Figures 1- 4 into an integrated
pathway model of brepocitinib action. The illustration highlights brepocitinib’s dual inhibition of TYK2 and JAK1, leading to downstream suppression of STAT1 and STAT3
phosphorylation. These upstream effects result in reduced transcription and secretion of key inflammatory cytokines (IL-6, TNF-a, and IFN-y), which in turn drive reduced
inflammation and impaired synoviocyte migration. Simultaneously, brepocitinib promotes mitochondrial-dependent apoptosis via increased BAX/BCL-2 ratio and activation of
caspase-3. Notably, the inhibition of migration is independent of apoptosis, reflecting a cytokine-driven mechanism rather than loss of cell viability.

pathway inhibition rather than nonspecific toxicity.
Mechanistically, brepocitinib inhibited JAK-STAT
signaling, evidenced by reduced phosphorylation of
TYK2, JAK1, STAT1, and STAT3, in agreement with prior
studies identifying these kinases as central to IL-6 and
interferon signaling (21). The dual targeting profile
distinguishes brepocitinib from existing JAK inhibitors
and may provide broader pathway coverage while
minimizing JAK2-related hematologic effects.

To extend translational relevance, we validated these
findings in primary RA-FLS (HFLS-RA). Brepocitinib
produced dose-dependent inhibition of TYK2, JAKi,
STATI, and STAT3 phosphorylation in RA-FLS, paralleling
MH7A responses. Benchmarking against tofacitinib
highlighted broader suppression by brepocitinib, since
tofacitinib primarily inhibited JAK1/STAT3 but not TYK2.
These results demonstrate that brepocitinib’s molecular
effects are preserved in primary synoviocytes and
underscore the potential advantage of dual TYK2[JAK1
inhibition.

This upstream blockade translated into robust
suppression of IL-6, TNF-a, and IFN-y at both transcript
and protein levels. IL-6, in particular, is directly
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regulated via JAK1/STAT3 and is a validated therapeutic
target (22). The observed reductions indicate that
brepocitinib effectively downregulates the
inflammatory milieu that drives synovial pathology.

In addition, brepocitinib modulated apoptosis-
related proteins by increasing BAX, decreasing BCL-2,
and activating caspase-3, thereby restoring pro-
apoptotic signaling in apoptosis-resistant synoviocytes.
This is consistent with prior evidence that JAK-STAT
inhibition can counteract survival signaling in RA-FLS
(23). Functionally, brepocitinib reduced synoviocyte
migration in wound-healing assays, suggesting
interference with invasive behavior relevant to pannus
formation.

We acknowledge, however, that the wound-healing
assay has inherent limitations, including potential
influence from proliferation. To minimize bias, assays
were conducted under serum-free conditions, with
blinded image analysis and replicate independent
experiments. Nevertheless, we did not employ
complementary methods such as transwell migration
or 3D cultures, which would provide additional
physiological validation. Future studies will extend to
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The final mechanistic model (Figure 5) summarizes
brepocitinib’s effects, linking TYK2[JAK1 inhibition to
downstream STAT1/3 deactivation, reduced cytokine
output, restoration of apoptosis, and impaired
migration. These systems-level effects provide
mechanistic insight into how dual TYK2[JAK1 blockade
can counter synovial pathology.

It is important to note several limitations. The work
was conducted in vitro using MH7A cells and RA-FLS
monocultures, which cannot fully capture the
complexity of synovial tissue or mixed cell populations
in vivo. Rescue experiments, such as STAT
overexpression, were not performed and would further
strengthen mechanistic claims. Additionally, systemic
effects and toxicities were not assessed, and future
studies incorporating animal models or patient-derived
tissues are needed to confirm therapeutic applicability.
We also did not conduct independent kinase-profiling
under our experimental conditions; however, published
kinase panel studies demonstrate that brepocitinib
inhibits TYK2 and JAK1 with nanomolar potency while
sparing JAK2, JAK3, and most non-JAK kinases (10),
supporting the specificity of our findings.

Overall, these results provide mechanistic insights
into brepocitinib’s cellular effects in RA synoviocytes
and generate hypotheses for further preclinical
validation. While our data highlight key pathways and
functions disrupted by dual TYK2[JAK1 inhibition,
additional in vivo studies are required before definitive
therapeutic conclusions can be drawn.

5.1. Conclusions

Brepocitinib displays potent anti-inflammatory, pro-
apoptotic, and anti-migratory effects in MH7A
synoviocytes via dual inhibition of the TYK2 and JAK1
pathways. These findings validate its mechanistic action
in RA and support its potential as a targeted therapeutic
agent that not only suppresses inflammation but also
addresses synovial hyperplasia and joint destruction.

Supplementary Material

Supplementary material(s) is available here [To read
supplementary materials, please refer to the journal
website and open PDF/HTML].
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