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affect tofacitinib treatment
outcomes

Yuki Ito?, Daisuke Watanabe'™, Norihiro Okamoto?, Haruka Miyazaki?, Eri Tokunaga?,
Yuna Ku', Makoto Ooi', Namiko Hoshi?, Michitaka Kohashi?, Maki Kanzawa3 &
Yuzo Kodama?

The incidence of ulcerative colitis (UC) is on the rise also in Japan. Simultaneously, therapeutic
options, including biologics and Janus kinase (JAK) inhibitors, have significantly expanded over the
past decade. Although tofacitinib (TOF), one of JAK inhibitors, is a viable option for patients with
moderate to severe UC, there is insufficient data to predict responsiveness of TOF treatment. The
present study aimed to determine whether the infiltration of IL-17 A-positive mononuclear cells into
the colonic mucosa can predict responsiveness to TOF treatment. Patients with UC who underwent
TOF treatment were divided into responder and failure groups. Subsequently, we conducted a
comparative analysis to identify differences in the infiltration of IL-17 A-positive cells into the colonic
mucosa through immunohistochemical examination of colon biopsy samples. The proportion of IL-17 A
positive mononuclear cells in colon biopsy samples was significantly higher in the failure group than
among responders (38.2% vs. 21.2%). Consistent with this finding, our re-analysis of RNA sequence
datasets available in the Gene Expression Omnibus (GEO) database suggested that TOF exerts a

more pronounced influence on Thl cells compared with IL-17-producing Th17 cells. In summary, an
abundance of IL-17 A-positive mononuclear cells in the colonic mucosa has the potential to predict the
responsiveness to TOF treatment.

Ulcerative colitis (UC) is a chronic inflammatory bowel disease with an unknown etiology. It is generally
considered to develop when genetically susceptible patients encounter environmental factors, such as specific
bacteria, diet, and/or medical agents. UC can significantly affect patient quality of life (QOL), and is typically
characterized by a relapsing and remitting clinical course. Epidemiological evidence suggests that the incidence
of UC has steadily increased worldwide, reaching up to 286 UC cases per 100,000 in the United States!. Patients
with UC exhibit aberrant innate and adaptive immune responses against microbial antigens. An atypical effector
T-helper (Th) cell response and an imbalance in regulatory T cells consequently result in the dysregulated
production of key cytokines in inflammation. These cytokines include tumor necrosis factor (TNF), interferon
(IFN)-gamma (a Th1-related cytokine), interleukin (IL)-5, IL-6, IL-13 (Th2-related cytokines), IL-17, IL-21, and
IL-22 (Th17-related cytokines), and have been implicated in the pathophysiology of UCZ In clinical settings,
precisely defining histological activity is crucial given the growing acknowledgment of histological remission
as a therapeutic endpoint in patients with UC. The Geboes score’, Nancy Index*, and Robarts Histopathology
Index’ are among the most commonly used scoring systems, and are valuable for stratifying patients according
to histological remission and activity®.

Because patients hospitalized for acute severe UC are at particularly high risk for life-threatening complications
and emergency colectomy, selecting the optimal management strategy is vital. Therapeutic options, including
biologics and Janus kinase (JAK) inhibitors, have significantly expanded over the past decade. Therefore, the
current strategy for determining the optimal therapy for moderate-to-severe UC is difficult but with limited
guidance regarding the comparative efficacy and safety of different treatments, resulting in considerable practice
variability.

JAKs, which have been identified as potent therapeutic targets, demonstrate the potential to interfere with
>50 cytokines’. JAKs, which constitutively bind to cytokine receptors, such as the IL receptor, transmit signals
through “signal transducers and activators of transcription (STATs)” proteins’. JAK and STAT proteins form
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the JAK-STAT pathway and play crucial roles in biological responses, such as immune regulation. To date, four
members of the JAK family (JAK1, JAK2, JAK3, and tyrosine kinase [TYK] 2) and seven members of the STAT
family (STAT1, 2, 3, 4, 5a, 5b, and 6) have been documented’. Tofacitinib (TOF), one of JAK inhibitors, is an oral
and small-molecule pan-JAK inhibitor. Clinical guidelines from the American Gastroenterological Association
(AGA) suggest that a JAK inhibitor of TOF is more effective than placebo in inducing and maintaining remission
in adult outpatients with moderate to severe UC?. Regarding the efficacy of TOF, as highlighted in the placebo-
controlled long-term study of CP-690 (OCTAVE trial), 550 in patients with ulcerative colitis demonstrated
significant effectiveness in the induction and maintenance of clinical remission’. In both the OCTAVE Induction
1 and 2 programs, the primary endpoint of clinical remission at week 8 was more frequently achieved in the TOF
10 mg twice per day (BID) group than in the placebo group (18.5% versus [vs.] 8.2%; p=0.007 for Induction 1;
16.6% vs. 3.6%, p <0.001 for Induction 2). Furthermore, clinical remission at week 52 occurred more frequently
in both TOF groups (5 mg and 10 mg BID groups) than in the placebo group in the OCTAVE Sustain trial.
While TOF is a viable option for patients with moderate to severe UC, there are insufficient data to predict
responsiveness. As such, the present clinical retrospective study aimed to ascertain whether the infiltration of
IL-17 A-positive mononuclear cells can predict responsiveness to TOF treatment using histological analysis.

Materials and methods

Study design

This retrospective, observational, single-center study included patients with UC who commenced TOF
treatment between May 2018 and April 2022. Baseline clinical data and outcomes were retrieved from medical
records. This study aimed to assess the impact of IL-17-positive cell infiltration into the colonic mucosa on the
responsiveness to TOF treatment. For the analysis, patients who discontinued TOF were designated as the failure
group, whereas those who continued TOF were classified as the responder group. A comparative analysis was
performed to determine differences in IL-17 A expression profiles in tissues between the two groups through
histological analysis of colon biopsy samples collected before treatment.

Immunohistopathological examination

Fresh biopsies obtained during colonoscopy were systematically fixed in 10% formalin for 24 to 48 h. For
immunohistopathological analysis, the most severely inflamed lesions observed during endoscopy were
selected. Paraffin blocks were sectioned and used for immunostaining. Tissues were immunostained with an
IL-17 A antibody (ab79056, Abcam, Cambridge, United Kingdom). Digital images of the immunostained slides
were captured using a digital optical microscope. To determine the percentage of IL-17 A-positive mononuclear
cells in the tissue, three randomly selected regions, each measuring 100 x 100 um, were extracted from each
histological digital images of the patient samples. Subsequently, the total counts of mononuclear cells and IL-
17 A-positive mononuclear cells in each extracted area were determined. Finally, average proportions of IL-17 A
positive mononuclear cells were calculated. This investigation was performed in collaboration with a certified
pathologist (M.K.).

Gene expression data from a public data source

Publicly accessible gene expression data were obtained from the Gene Expression Omnibus (GEO) database,
specifically with accession numbers GSE60482 and GSE169146, and used to examine the influence of TOF on
lymphocytes and patients. The identification of differentially expressed genes (DEGs) was performed using the
DESeq2 R package. DEGs were identified as genes meeting the defined criteria of p <0.05 and a log fold change
of>lor<-1

Statistical analysis

Comparisons between continuous variables were performed using Student’s t-test for parametric data and the
Mann-Whitney U test for non-parametric data. Categorical data were analyzed using Fisher’s exact test or the
chi-squared test, as appropriate. Receiver operating characteristic (ROC) curves were generated to assess the
areas under the ROC curves (AUC). The cut-off value was determined using the Youden Index, as revealed by
the ROC curves. A threshold of p <0.05 defined statistical significance in all analyses.

Results

Patient characteristics

Twelve patients with UC, in whom TOF was initially administered between April 2018 and October 2021, were
included in this study. Among all patients, six discontinued TOF due to aggravated disease activity, while others
continued (Fig. 1 and Supplementary Table 1).

Patients with UC treated with TOF at the authors’ facility are clearly divided into two groups: failure
and responder. As such, it was suspected that clinical factors contribute to the response to TOF treatment.
Accordingly, biopsy samples were obtained from the most severely inflamed sites of the colorectal mucosa. Three
of six patients in the responder group did not undergo colonoscopy before TOF treatment and, therefore, were
excluded from further analysis. Finally, nine patients who were eligible for the study were analyzed. Baseline
characteristics of the patients are summarized in Table 1. The mean age was 37.4 years, three (33.3%) patients
were female, the mean disease duration was 91.4 months, and seven (77.8%) patients had total colitis (Table 1).

Relationship between the response to TOF and IL-17a-positive immune cells
A previous study presented at European Crohn’s and Colitis Organization (ECCO) congress in 2022 suggested
that high levels of IL17A-expressing T cells before treatment was associated with failure to achieve response
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Mean (SD) or 1 (%)
Age,y 37.4(16.4)
Female 3(33.3)
BMI, kg/m2 20.5 (3.3)
Duration of disease, m 91.4 (107.8)
Current smoker 0(0)
Disease location
Total colitis 7(77.8)
Left-sided colitis 2(22.2)
Proctitis 0

Previous exposure to advanced therapies (number) | 1.3 (0.5)

Previous exposure to advanced therapies (agents)

Anti-TNF 6 (66.7)
Tacrolimus 2(22.2)
Anti-integrin 2(22.2)
IL-12/IL-23 antagonist 1(11.1)
JAK inhibitor 0(0)
Concomitant medications

5-ASA 8(88.9)
Corticosteroids 1(11.1)

Clinical score

Partial Mayo score 5.8(2.3)
Endoscopic Mayo score 2.7(0.5)
Laboratory test

C-reactive protein, mg/dl 2.1 (3.0)
Albumin, g/dl 3.6 (0.8)
Hemoglobin, g/dl 12.3(1.8)

Table 1. Demographic data (n=9).

upon TOF treatment’. To examine the impact of IL-17 A-positive cells in response to TOF, the number of IL-
17 positive mononuclear cells in biopsy specimens obtained from the colorectal mucosa before treatment were
counted (Fig. 2A). First, it was verified whether there were any differences in patient backgrounds between the
responder and failure groups (Table 2). No significant differences were observed in age, sex, disease duration,
disease location, anti-TNF history, concomitant medication, clinical score, or laboratory investigation results
between the two groups. Next, we examined whether the degree of IL-17 A-expressing immune cells in the
colorectal mucosa was different. The proportion of IL-17 A positive mononuclear cells was higher in the failure
group than among responders (38.2% vs. 21.2%) (Fig. 2B C, Table 2, Supplementary Table 2). In addition, the
proportion of patients who exhibited>30% IL-17 A-positive cells in the colorectal mucosa was greater than
those who had <30% (83.3% vs. 0%) (Table 2). ROC curve analysis was performed to assess the value of the
proportion of IL-17 A-positive mononuclear cells in predicting the response to TOE. Results demonstrated an
area under the ROC curve (AUC) of 0.8333, sensitivity of 100%, specificity of 83.3%, and cut-off value of 29.0
(data not indicated).

In vitro analysis from RNA-sequence public data regarding the influence of TOF on peripheral
T cells

The GEO database was searched for RNA-seq profiles; more specifically, the gene expression profile from
GSE60482, in which naive CD4 + CD45RA + CD45RO- T cells were isolated and sorted using a flow cytometer
from whole blood of healthy donors and cultured under specific conditions with and without TOF treatment.
After obtaining the gene expression profile, DEG analysis was performed. A total of 933 DEGs were identified
after analyzing the GEO dataset (GSE60482), and a large number of genes (n=513) were downregulated after
treatment with TOF (Fig. 3A). Subsequently, the effects of TOF on cytokine expression in immune cells was
analyzed. Following treatment of immune cells with TOF at concentrations of 0.1 and 0.3 uM, while statistical
significance was not achieved, a dose-dependent downregulation of IFN-gamma, a Th1-derived cytokine, was
observed (Fig. 3B C). The expression of transcription factors involved in T-cell differentiation, such as TBX21,
GATA3, RORC was then analyzed. Among these 3 genes, only TBX21 (a key transcriptional activator of Th-1
cell differentiation) was significantly downregulated after treatment with TOF (Fig. 3D and E). In the pathway
analysis, Type II interferon signaling (WP619) was affected, whereas no significant changes were observed in
signaling pathways associated with Th17 (Supplementary Table 3). These findings indicated that TOF exerts a
more pronounced influence on Th1 cells compared with IL-17-producing Th17 cells, potentially resulting in loss
of control over excessive Th17-related disturbance.
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Responder (n=3) | Failure (n=6) | p -value
Age,y 48.7 (12.5) 31.8(11.5) N.S.
Female 2 (66.7) 1(16.7) N.S.
BMI, kg/m? 19.6 (0.7) 21.0 (4.0)
Histological evaluation
Percentage of IL-17 A (+) cell 21.2(1.9) 38.2(12.7) <0.05
Less than 30% of IL-17 A (+) cells 3(100) 1(16.7) <0.05
Duration of disease, m 52.7 (10.1) 110.8 (131.2) | N.S.
Disease location
Total colitis 2(66.7) 5(83.3) N.S.
Left-sided colitis 1(33.3) 1(16.7)
Previous exposure to ATx (number) | 1.0 (0.0) 1.5 (0.5) N.S.
Previous exposure to ATx (agents)
Anti-TNF 3(100) 3(50.0) N.S.
Tacrolimus 0(0) 2(22.2) N.S.
Anti-integrin 0(0) 2(22.2) N.S.
IL-12/IL-23 antagonist 0(0) 1(11.1) N.S.
JAK inhibitor 0(0) 0(0) N.S.
Concomitant medications
5-ASA 3(100) 5(83.3) N.S.
Corticosteroids 1(33.3) 0(0) N.S.
Clinical score
Partial Mayo score 53(2.1) 6.0 (2.5) N.S.
Endoscopic Mayo score 2.7 (0.6) 2.7 (0.5) N.S.
Laboratory test
C-reactive protein, mg/dl 1.0 (0.9) 2.7(3.5) N.S.
Albumin, g/dl 3.1(0.8) 3.8(0.8) N.S.
Hemoglobin, g/dl 11.5 (1.0) 12.7 (2.1) N.S.

Table 2. Clinical factors contributing to tofacitinib response.

Public data on long-term influence of TOF treatment

To investigate the influence of TOF on patients, the gene expression profile was obtained from the GSE169146
dataset, in which skin biopsies from six patients who were treated with TOF monotherapy (5 mg BID) for 6
months were used for RNA-seq analysis. Consistent with in vitro examination, only TBX21 gene expression
was significantly downregulated after 6 months of treatment with TOF (Fig. 3F and G), whereas RORC (key
transcriptional activator of Th-17 cell differentiation) gene expression was not.

Discussion

The management of UC is complex, with various therapeutic options, such as corticosteroids, immunomodulators,
biologics, and JAK inhibitors. This complexity stems from the inherent difficulty in predicting therapeutic
responsiveness before initiating treatment. Our study focused on delineating factors that influence a favorable
response to TOF in patients with UC. Immunohistological examination revealed that the presence of IL-
17 A-positive cells served as a predictive indicator of early failure of TOF during treatment for UC.

The currentliterature supports the concept that Th17 cells playa pivotal role in the pathogenesis of inflammatory
bowel disease (IBD). The presence of Th17 cells in the intestinal lamina propria, along with the constitutive
production of IL-17 A in mice, has been documented!’. In the context of pathogenesis, a detailed analysis of
murine models of IBD revealed elevated levels of IL-23'! and IL-17 A% Notably, a recent study provided insights
into the contribution of IL-23-dependent Th17 responses to the pathogenesis of colitis, especially in the later
phase’®. Consistent with these animal studies, a human study using tissue samples demonstrated upregulated
levels of IL-17 A in patients with UC'*. Mucosal expression of mRNA IL-17 A was 99.8 times higher in patients
compared with controls, while the mRNA expression of IFN-gamma and IL-13 increased by factors of merely
12.4 and 6.7, respectively'®. Moreover, serum IL-17 A levels in treatment-naive patients with UC not only reflect
disease severity at disease onset but also predict the disease course over the ensuing 3 years'.

JAK inhibitors, such as TOF, are increasingly being used to treat UC. The selectivity of the regulated
pathways among JAK inhibitors may affect treatment outcomes. Detailed investigations using human cells
have revealed that TOF inhibits JAKI, JAK2, JAK3 and, to a lesser extent, TYK2, whereas in vivo studies
emphasize its preferential inhibition of the JAK1 and JAK3 functions'®. Disruption of signals linked to JAK3-
and JAK1-dependent cytokines include IL-2, IL-6, IFNs, IL-12, IL-4, IL-7, IL-15, and IL-21. Comprehensive
pharmacological analysis also underscores that JAK inhibitors most potently inhibit the JAK1/TYK2-dependent
pathway, with TOF emerging as the most potent inhibitor of JAK1/3-dependent cytokines among several JAK
inhibitors'”. However, studies investigating the immunosuppressive effects of TOF on JAK2/TYK2 dimer
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are limited. The IL-23 receptor complex, intricately associated with the JAK2/TYK2 pathway, predominantly
facilitates STAT3 phosphorylation and, to a lesser extent, STAT1, STAT4, and STAT5 phosphorylation's.
The pathological consequences of excessive IL-23 signalling are associated with its capacity to stimulate the
production of inflammatory mediators linked to Th17 cells. These mediators include IL-17, IL-22, granulocyte-
macrophage colony-stimulating factor (GM-CSF), and TNF-alpha among target populations, predominantly
Th17 or IL-17-secreting TCRgd cells (Tgd17)". This foundational verification suggests that TOF may not be
able to exert optimal control over excessive Th17 cell responses stemming from aberrant IL-23 activation. In
accordance with this concept, patients with an abundance of IL-17 A-positive mononuclear cell infiltration
exhibited a lack of positive response to TOF treatment in our investigation. Moreover, our results are supported
by a previous study using a single-cell RNA sequence, in which high levels of IL17A-expressing T cells at baseline
were significantly correlated with the failure to achieve a response to TOF treatment’. In this study, six non-
responders were identified, among whom one patient was administered a biological agent with inhibitory effects
on IL-23 (ustekinumab), subsequently following TOF treatment. In this case, ustekinumab led to a marked
improvement in symptoms during the induction and maintenance phases.

Given that advanced medications, including biologics and JAK inhibitors, are not universally effective, are
associated with rare but serious side effects, and incur high costs, it is crucial to selectively administer treatments
to patients with the highest likelihood of a favorable response. These considerations underscore the substantial
demand for a reliable scale to predict the treatment response. Current indicators of a positive response include
age, sex, body weight, smoking habits, disease duration, disease location, disease severity, and extraintestinal
manifestations®. In addition to these physical factors, multiple studies have assessed the mucosal expression
profiles in patients with UC to predict treatment responses. Gene-array analysis using pre-infliximab treatment of
rectal mucosal biopsy samples from patients with active UC identified a panel of the top 5 DEGs that can indicate
the responsiveness: osteoprotegerin (TNFRSF11B), stanniocalcin-1 (STC1), prostaglandin-endoperoxide
synthase2 (COX2), IL13Ra2, and IL11. This analysis demonstrated the capability to distinguish responders from
non-responders with 95% sensitivity and 85% specificity?!. In another study, involving 67 patients with UC
undergoing anti-TNF treatment, mucosal healing was associated with lower mucosal expression of TBX21 (a
Thl-related transcription factor) and higher expression of RORC (a Th17-related transcription factor) before
treatment?2. However, it has been also shown that high mRNA expression of both mucosal IFN-gamma and IL-
17 A in biopsies obtained before treatment was linked to the response to anti-TNF induction therapy in patients
with UC?. While our study demonstrated that the activation of the Th17 cell lineage contributes to resistance to
TOF treatment, predictors of anti-TNF treatment may indicate the opposite.

Finally, recent studies have underscored the potential of histological examinations in predicting treatment
responses among patients with UC. Gaujoux et al. reported that the altered abundance of plasma cells and
inflammatory macrophages in the intestinal mucosa distinguished responders from non-responders to
anti-TNF?*. Tew et al. demonstrated that the mucosal expression of integrin E (ITGAE), examined by
immunohistochemistry, can predict the treatment response to etrolizumab (a humanized monoclonal antibody
that selectively binds the b7 subunit of both heterodimeric integrins a4b7 and aEb7)%. These findings suggest the
potential existence of more refined histological predictors, such as the abundance of IL-17-positive mononuclear
cells, to identify individuals who would well respond to treatment.

Our study had several limitations, the first of which was its small sample size, in addition to its retrospective,
single-center design.

In conclusion, results of this study present evidence supporting the clinical applicability of an abundance of
IL-17 A-positive mononuclear cells in the colonic mucosa to predict responsiveness to TOF treatment. We hope
that further studies will confirm our findings and our study contributes to the development of new methods for
precise identification of suitable candidates for TOF treatment.

The gene expression data used in this study are publicly accessible in the GEO database under accession
codes GSE60482 and GSE169146. The data can be retrieved at https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi
?acc=GSE60482 and https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE169146.
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Fig. 1. Probability of Tofacitinib (TOF) Continuation. Among the eligible cohort, six individuals discontinued
Tofacitinib due to exacerbated disease activity, whereas the remaining patients continued treatment.

Scientific Reports | (2025) 15:6112 | https://doi.org/10.1038/s41598-025-87076-7 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

A Responder Failure

B § IL-17 positive cell C
80
60- . £
S
b e}
S
40+ e
| S
5
20- — 7
1 = f ' f |
0 T 0 500 1000 1500
Responder Failure Survival time (days)

Fig. 2. (A) Representative immunostaining for IL-17A in biopsy specimens obtained from the colorectal
mucosa before treatment. IL-17A positivity was markedly elevated in the failure group compared to the
responder group. (B) Proportion of IL-17A-positive mononuclear cells. The failure group exhibited a
significantly higher proportion than the responder group (38.2% vs. 21.2%). (C) Probability of tofacitinib
(TOF) continuation stratified by IL-17A positivity. Patients with >30% IL-17A-positive cells had a higher
probability of continuation compared to those with <30%.
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« Fig. 3. (A-E) Gene expression profiles from GSE60482 dataset, in which naive CD4*CD45RA*CD45RO™ T
cells are isolated and sorted from whole blood of healthy donors and cultured under specific conditions
with or without tofacitinib (TOF) treatment. (A) Volcano plots of differentially expressed genes (DEGs) in
the GSE60482 dataset. (B) Heatmap shows the effects of TOF on cytokine gene expression in the cultured
immune cells. (C) Differences in cytokine gene expression between immune cells cultured with and without
TOF treatment. (D) Heatmap shows the effects of TOF on transcription factor gene expression in the cultured
immune cells. (E) Differences in transcription factor gene expression between immune cells cultured with
and without TOF treatment. (F-G) Gene expression profiles from the GSE169146 dataset, in which RNA
sequencing are performed on skin biopsies from six patients treated with TOF monotherapy (5 mg BID) for six
months. (F) Heatmap shows the effects of TOF on transcription factor gene expression in skin biopsy samples.
(G) Differences in the transcription factor gene expression levels between skin biopsies with and without TOFE.

Data availability

The gene expression data used in this study are publicly accessible in the GEO database under accession codes
GSE60482 and GSE169146. The data can be retrieved at https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi? acc=
GSE60482 and https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi? acc=GSE169146.

Received: 19 March 2024; Accepted: 15 January 2025
Published online: 19 February 2025

REFFERENCES

1. Ng, S. C. et al. N Worldwide incidence and prevalence of inflammatory bowel disease in the 21st century: a systematic review of
population-based studies Lancet ;390:2769-2778. (2017).

2. de Souza, H. S. & Fiocchi, C. Immunopathogenesis of IBD: current state of the art. Nat. Rev. Gastroenterol. Hepatol. 13, 13-27
(2016).

3. Geboes, K. et al. A reproducible grading scale for histological assessment of inflammation in ulcerative colitis. Gut 47, 404-409
(2000).

4. Marchal-Bressenot, A. et al. C Development and validation of the Nancy histological index for UC Gut ;66:43-49. (2017).

5. Mosli, M. H. & Feagan, B. G. Zou get al. Development and validation of a histological index for. UC Gut. 66, 50-58 (2017).

6. Magro, F. et al. P Comparison of different histological indexes in the assessment of UC activity and their accuracy regarding
endoscopic outcomes and faecal calprotectin levels Gut ;68:594-603. (2019).

7. Sandborn, W.J. & Armuzzi, A. Liguori get al. Predictors of sustained response with Tofacitinib Therapy in patients with Ulcerative
Colitis. Inflamm. Bowel Dis. 28, 1338-1347 (2022).

8. Singh, S., Allegretti, J. R., Siddique, S. M. & Terdiman, J. P. AGA Technical Review on the management of moderate to severe
Ulcerative Colitis. Gastroenterology 158, 1465-1496 (2020). e1417.

9. Melon, E. & Corraliza, A. M. Garrido Aet al. A single-cell RNAseq approach to understand and predict the efficacy of tofacitinib
in Ulcerative Colitis. J. Crohns Colitis. 16, 1189-1190 (2022).

10. Ivanov, . I et al. L The orphan nuclear receptor RORgammat directs the differentiation program of proinflammatory IL-17+T
helper cells Cell ;126:1121-1133. (2006).

11. Yen, D. et al. H IL-23 is essential for T cell-mediated colitis and promotes inflammation via IL-17 and IL-6 ] Clin Invest ;116:1310-
1316. (2006).

12. Leppkes, M., Becker, C. & Ivanov Ilet al. RORgamma-expressing Th17 cells induce murine chronic intestinal inflammation via
redundant effects of IL-17A and IL-17F. Gastroenterology 136, 257-267 (2009).

13. Eftychi, C. & Schwarzer, R. Vlantis ket al. Temporally distinct functions of the cytokines IL-12 and IL-23 drive chronic Colon
inflammation in response to intestinal barrier impairment. Immunity 51, 367-380 (2019). e364.

14. Fujino, S. et al. S Increased expression of interleukin 17 in inflammatory bowel disease Gut ;52:65-70. (2003).

15. Ohman, L. & Dahlen, R. Isaksson Set al. Serum IL-17A in newly diagnosed treatment-naive patients with ulcerative colitis reflects
clinical disease severity and predicts the course of disease. Inflamm. Bowel Dis. 19, 2433-2439 (2013).

16. Ghoreschi, K. et al. X Modulation of innate and adaptive immune responses by tofacitinib (CP-690,550) ] Immunol ;186:4234-
4243, (2011).

17. Traves, P. G. et al. JAK selectivity and the implications for clinical inhibition of pharmacodynamic cytokine signalling by filgotinib,
upadacitinib, tofacitinib and baricitinib. Ann. Rheum. Dis. 80, 865-875 (2021).

18. Oppmann, B. et al. B Novel p19 protein engages IL-12p40 to form a cytokine, IL-23, with biological activities similar as well as
distinct from IL-12 Immunity ;13:715-725; Parham C, Chirica M, Timans Jet al. A receptor for the heterodimeric cytokine IL-23
is composed of IL-12Rbetal and a novel cytokine receptor subunit, IL-23R J Immunol. 2002;168:5699-5708. (2000).

19. Sutton, C. E. et al. Interleukin-1 and IL-23 induce innate IL-17 production from gammadelta T cells, amplifying Th17 responses
and autoimmunity Immunity. ;31:331-341; Cai Y, Xue E, Fleming Cet al. Differential developmental requirement and peripheral
regulation for dermal Vgamma4 and Vgamma6T17 cells in health and inflammation Nat Commun. 2014;5:3986; Komuczki J,
Tuzlak S Friebel Eet al. Fate-Mapping of GM-CSF Expression Identifies a Discrete Subset of Inflammation-Driving T Helper Cells
Regulated by Cytokines IL-23 and IL-1beta Immunity. 2019;50:1289-1304 €1286. (2009).

20. Gisbert, J. P. & Chaparro, M. Predictors of primary response to Biologic Treatment [Anti-TNE, Vedolizumab, and Ustekinumab]
in patients with inflammatory bowel disease: from Basic Science to Clinical Practice. J. Crohns Colitis. 14, 694-709 (2020).

21. Arijs, L. et al. G Mucosal gene signatures to predict response to infliximab in patients with ulcerative colitis Gut ;58:1612-1619.
(2009).

22. Viazis, N. et al. G Predictors of tissue healing in ulcerative colitis patients treated with anti-TNF Dig Liver Dis ;49:29-33. (2017).

23. Rismo, R. et al. Mucosal cytokine gene expression profiles as biomarkers of response to infliximab in ulcerative colitis. Scand. J.
Gastroenterol. 47, 538-547 (2012).

24. Gaujoux, R. & Starosvetsky, E. Maimon Net al. Cell-centred meta-analysis reveals baseline predictors of anti-TNFalpha non-
response in biopsy and blood of patients with IBD. Gut 68, 604-614 (2019).

25. Tew, G. W. & Hackney, J. A. Gibbons det al. Association between Response to Etrolizumab and expression of integrin alphaE and
granzyme A in Colon biopsies of patients with Ulcerative Colitis. Gastroenterology 150, 477-487 (2016). e479.

Author contributions
Y.I. collected data, analyzed data, interpreted data, prepared figures and wrote the main manuscript text, D.W.

Scientific Reports |

(2025) 15:6112 | https://doi.org/10.1038/s41598-025-87076-7 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

designed the project, analyzed data, interpreted data, prepared figures and wrote the main manuscript text, M.K.
analyzed data and interpreted data, and N.O., M.K,, HM.,, E.T,, YK,, M.O,, N.H. and Y.K. analyzed data, inter-
preted data and wrote the main manuscript text. All authors reviewed the manuscript.

Declarations

Competing interests
The authors declare no competing interests.

Ethical considerations

This study was conducted in accordance with the Declaration of Helsinki, and approval was obtained from the
institutional review board of the Ethics Committee of Kobe University Hospital (approval no. B220075). The
Clinical Research Ethics Committee of Kobe University Graduate School of Medicine waived the requirement
for informed consent through the opt-out method.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/1
0.1038/s41598-025-87076-7.

Correspondence and requests for materials should be addressed to D.W.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party material in this article are included in the article’s
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025

Scientific Reports |

(2025) 15:6112 | https://doi.org/10.1038/s41598-025-87076-7 nature portfolio


https://doi.org/10.1038/s41598-025-87076-7
https://doi.org/10.1038/s41598-025-87076-7
http://creativecommons.org/licenses/by/4.0/
http://www.nature.com/scientificreports

	﻿Activated type 17 helper T cells affect tofacitinib treatment outcomes
	﻿Materials and methods
	﻿Study design
	﻿Immunohistopathological examination　
	﻿Gene expression data from a public data source
	﻿Statistical analysis

	﻿Results
	﻿Patient characteristics
	﻿Relationship between the response to TOF and IL-17a-positive immune cells
	﻿In vitro analysis from RNA-sequence public data regarding the influence of TOF on peripheral T cells　
	﻿Public data on long-term influence of TOF treatment

	﻿Discussion
	﻿REFFERENCES


