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Abstract

Type 1 diabetes (T1D) is an autoimmune disease, causing 
hyperglycaemia. Evidence suggests Human Leukocyte Antigen Class 
I (HLA-1) hyperexpression causes CD8+ T-cells to destroy pancreatic 
β-cells, reducing insulin. This is caused by interferon stimulation 
via the Janus Kinase (JAK) – Signal Transducer and Activator of 
Transcription (STAT) pathway. No cure exists, creating urgency to 
design drugs targeting disease pathology. JAK inhibitors show 
promise in reducing HLA-1 expression. This review aims to explore 
how JAK inhibitors can target this pathway to treat T1D, by considering 
hallmark features, driving mechanisms and targeting. Studies 
conclude HLA-1 hyperexpression is observed in human islets, with 
interferon signalling causing and driving hyperexpression. Studies 
also agree JAK inhibitors target this, which reduces hyperexpression 
in mice; this is reflected in humans by producing more insulin.   
Longer randomised controlled trials should be conducted, in 
individuals at risk of disease with predictive biomarkers, to prevent 
disease pathology and reduce onset. 

Abbreviations

CTL – Cytotoxic T lymphocyte
FFPE – Formalin-fixed paraffin-embedded 
HLA-1 – Human Leukocyte Antigen Class I
IFN – Interferon
JAK – Janus Kinase
MHC-1 – Major Histocompatibility Complex Class I
NOD – non-obese diabetic 
RCT – randomised controlled trial
STAT – Signal Transducer and Activator of Transcription
T1D – type 1 diabetes 

Introduction

Type 1 diabetes (T1D) is an autoimmune disease leading to the 
destruction of insulin-producing pancreatic β-cells, causing 
hyperglycaemia, which is high blood glucose in this case from lack of 
insulin.1,2 Around 376,000 people in the UK are affected,3 with nearly 
90% of children and young people with diabetes having type 1.3 
Currently, there is no cure and individuals require exogenous insulin 
replacement for survival to prevent life-threatening complications 
such as ketoacidosis,1 emphasising the need for new therapeutics to 
reduce β-cell demise early on, potentially delaying or preventing T1D. 

A characteristic feature of T1D is the hyperexpression of 
Human Leukocyte Antigen Class I (HLA-1), encoding the Major 
Histocompatibility Complex Class I receptor (MHC-1).4 As part of 
protein synthesis, its transcription, where mRNA is synthesised from 
DNA, is regulated by cell signalling molecules called cytokines. A   
family of cytokines called interferons (IFNs), α and γ, regulate this via the 
Janus Kinase (JAK) – Signal Transducer and Activator of Transcription 
(STAT) signalling pathway.5 IFNs bind to receptors on their target cells. 
This activates receptor-associated enzymes of the JAK family, which 
phosphorylate each other by transphosphorylation, which leads to 
another addition of a phosphate group in phosphorylation of STAT 
transcription factors. Phosphorylated STAT1 and/or STAT2 then 
dimerise and translocate to the nucleus, where they regulate and 
modulate target gene transcription and cause downstream effects, 
causing HLA-1 hyperexpression. IFNα-induced hyperexpression is 
mediated by members of the JAK family JAK1/TYK2, and IFNγ by 
JAK1/JAK2. Since JAK1 is present in both pathways, it is sensible to 
target this for maximal effect.4 

MHC-1 is essential for CD8+ cytotoxic T-cell interaction. 
Hyperexpression causes identification of β-cell antigens as non-

Inspire Student Health Sciences Research Journal | Spring 2026

MEDICINE



self, precipitating selective destruction by cytotoxic T lymphocytes 
(CTLs).4 This significantly reduces insulin production, making HLA-1 
hyperexpression central to T1D pathogenesis.4 JAK inhibitors can 
reduce CTL-mediated demise, by inhibiting STAT phosphorylation. 
This prevents downstream effects of IFNs and reduces HLA-1 
hyperexpression, preserving β-cell function and insulin secretion 
which maintains normoglycaemia. This review aims to explore how 
JAK inhibitors target the JAK-STAT pathway to treat T1D by evaluating 
evidence of HLA-1 hyperexpression on β-cells, understanding how 
IFNs drive this, and exploring JAK inhibitor potential to target this 
pathway. 

Methods

PubMed, Cochrane Library, Trip Database and Web of Science were 
searched, using the search string: (“type 1 diabetes” AND “HLA-1 
hyperexpression”) OR (“MHC-1”) OR (“type 1 diabetes” AND “JAK” 
OR “STAT”) OR (“type 1 diabetes” AND “JAK inhibitor”) OR (“type 1 
diabetes” AND “STAT1” AND “beta cells”). Randomised controlled 
trials (RCTs) and clinical trials were included, and papers not written 
in English were excluded, which yielded 115 results. After screening 
and forwards and backwards citations, nine studies were selected. 
Figure 1 illustrates the process of primary evidence synthesis.  

Results and discussion 

HLA-1 hyperexpression

A study by Coppieters et al found HLA-1 hyperexpression specific to 
T1D.6 Contrastingly, Skog et al reported intense HLA-1 staining in more 
T1D subjects than controls, for formalin-fixed paraffin-embedded 
(FFPE) pancreatic specimens,7 however, even distribution was 
observed with frozen specimens. Protein data is supported at mRNA 
level, as RNA sequencing showed comparable mRNA expression of 
HLA-ABC, common HLA-1 isoforms, and no difference for MHC-1 in 
islets between people with diabetes and people without, suggesting 
hyperexpression due to staining artefacts. Opposingly, Richardson et 
al reported HLA-1 hyperexpression in T1D islets,8 at protein and RNA 
levels, since RNA expression of HLA isoforms in laser captured islets 
was elevated compared to controls. Benkahla et al supports this,9 
finding HLA-1 hyperexpression in T1D donor islets.

Most favourably, Coppieters et al had the largest sample size,6 
increasing generalisability and reducing anomalous participant skew. 
Richardson et al and Benkahla et al had moderate sample sizes,8,9 
however Richardson et al obtained samples from three significant 
T1D pancreas collections, thus is more representative. However, Skog 
et al’s is the least generalisable with eight subjects.7

All studies used human pancreas samples, either frozen and/or FFPE 
pancreata, to obtain islets,6–9 increasing transfer ability to humans, 
although each has limitations. FFPE preserves proteins, however 
they become denatured so antibody binding may differ between 
active and inactive forms, limiting staining value, whereas freezing 
may provide more accuracy through preservation in their active 
state.10 Additionally, nucleic acids are not preserved well so are not 
ideal for molecular genetic analysis, contrarily to frozen samples,10 
affecting precision and accuracy of FFPE tissue. This may explain 
Skog et al’s discordant results. FFPE protocol is not standardised, so 
no guarantee of similar preparation exists,10 affecting reproducibility. 
Skog et al claims reported hyperexpression is due to formalin-fixation 
techniques.7 However, Richardson et al confirmed staining specificity 
in FFPE samples, using a secondary antibody to confirm HLA-1 
hyperexpression detection.8 Despite similar staining findings, this 
increases Richardson et al’s cross-validity, considering Skog et al used 
only one antibody. 

Islet isolation processes may alter HLA-1 expression.7 RNA expression 
reflects the time of sampling. To minimise downregulation, Skog 
et al immediately reduced biopsy temperature to reduce tissue 
metabolism,7 although no RNA elevation may be due to this. However, 

laser-capture microscopy verifies these findings through RNA 
expression, though only two individuals were used: Richardson et al 
used more,7,8 so is more reliable. Benkahla et al goes further than Skog 
et al, by quantifying HLA-1 in islets, providing further evidence of this 
hallmark feature.9 Using high resolution confocal microscopy, instead 
of light microscopy, creates higher-resolution imaging than Skog et 
al,11 improving accuracy. Despite Skog et al’s unconvincing evidence 
against HLA-1 hyperexpression, data disproves this hypothesis, with 
further supporting studies suggesting HLA-1 hyperexpression is a 
hallmark feature of T1D and not artefactual. 

Role of interferons 

Marroqui et al reports IFNα activated STAT1-3, inducing MHC-1 
expression in human cell line EndoC-βH1 and human islets.12 They 
observed IFNα and IFNγ inducing similar MHC-1 expression. STAT1 
knockdown prevented IFNγ-induced MHC-1 expression but not 
IFNα-induced expression. Both STAT2 and STAT1/STAT2 double 
knockdown, almost completely prevented IFNα-induced expression, 
implicating STAT1 in IFNγ and both STAT1 and STAT2 in IFNα pathways. 
Richardson et al observed elevated STAT1 in hyperexpressing β-cells.8 
A Spearman’s Rank Coefficient of r=0.5454, p<0.0001 reported 
between STAT1 and HLA-ABC, suggests a statistically significant 
positive correlation between the two, supporting STAT1’s role in 
HLA-1 hyperexpression. Another study by Coomans de Brachène 
et al reported IFNα induced MHC-1 production in EndoC-βH1 cells, 
however, upon withdrawal, MHC-1 remained overexpressed in 
human islets.13 Additionally, JAK inhibitors did not accelerate MHC-1 
decrease when added post-IFN withdrawal. However, pre-treatment 
with JAK inhibitors prevented IFNα-induced HLA-ABC expression 
dose-dependently, suggesting continuous IFNα signalling is 
unnecessary for long-lasting MHC-1 hyperexpression in human 
β-cells. Early intervention may be promising as type 1 IFNα signature 
expression precedes autoantibody detection in children at risk for 
T1D. If signature detection became part of routine follow up for at-
risk children, it could indicate an ideal moment for intervention.13

Studies using the human cell line EndoC-βH1,12,13 should be 
interpreted with caution. Despite glucose-responsiveness and insulin 
production, islet cytokine responsiveness is not fully reflected,14 nor 
proliferation and insulin content.15 Furthermore, islet composition or 
orientation is not imitated, nor β-cell interactions with other cells.16 
Although similarly expressing β-cell specific genes,17 data from this 
line needs validating with human islets, which increases transferable 
potential to humans in vivo. 

Two studies used anti-MHC-1 antibodies during staining; Marroqui 
et al’s was derived from rabbits and Coomans de Brachène’s mice.12,13 
In canine tissue, rabbit antibodies have higher antigen affinity than 
mice antibodies, although this differs from human tissue results.18 
Therefore, differences may exist in antibody affinity between studies, 
introducing confounding variables and reducing accuracy. 

Despite the limitations of human cell lines, results were validated 
with human islets, providing congruent results linking IFNα and γ 
with STAT1 and STAT2, to induced HLA-1 hyperexpression and MHC-1 
upregulation. 

JAK inhibitors 

Trivedi et al found AZD1480, a JAK1/JAK2 inhibitor, inhibited IFNγ-
induced STAT1 phosphorylation, preventing MHC-1 upregulation in 
non-obese diabetic (NOD) mouse and human islets.19 Supporting in 
vivo results show ≥50% STAT1 phosphorylation decrease, causing 
significant MHC-1 expression reduction. Concordantly, Ge et al’s 
use of JAK1 inhibitor ABT317, showed similar results in mice β-cells, 
corroborated by significant MHC-1 expression reduction in treated 
C57BL/6 mice islets.20 This suggests JAK1 and/or JAK2 inhibitors 
reduce MHC-1 hyperexpression. 

Trivedi et al found 78% treated mice remained normoglycaemic 

Inspire Student Health Sciences Research Journal | Spring 2026



during treatment, although Ge et al found that this was 93.75% with 
high dosage.20 However, Trivedi et al’s mice became hyperglycaemic 
1-week post-treatment-cessation,19 whereas Ge et al’s 
normoglycaemic drugged mice remained so for 10 days, suggesting 
T1D can be reversed transiently. At 100 days, 43.75% high-dosage 
mice displayed reversed diabetes, suggesting ABT317 can reverse 
T1D and displays prolonged effects. 

Different mice models illustrate both a gene knockout and polygenic 
T1D model.21,22 C57BL/6 mice are inbred and genetically identical, 
thus free of impactful genetic differences.21 Such uniformity increases 
reliability and internal validity by reducing confounders. NOD mice 
are inbred, however, are more applicable due to autoantibody 
development prior to T1D onset, like humans.22 Although pre-clinical 
models are beneficial, differences exist between human and rodent 
β-cells. Two genes encode rodent insulin but one in humans, and 
β-cell cytokine sensitivity differs.17 The complexity of differences 
reduces translation potential from mice to humans and affects 
applicability.  

BANDIT, a double-blind, placebo-controlled RCT, investigated 
Baricitinib, a JAK1/JAK2 inhibitor,23 and measured mean C-peptide 
levels, indicating β-cell function.24 Median C-peptide increased 
by 48% in the Baricitinib cohort compared to placebo,23 indicating 
reduced β-cell demise and increased insulin secretion. Consequently, 
mean daily insulin dose required became lower for Baricitinib-treated 
patients than baseline and placebo,23 indicating improved β-cell 
function. 

Using clinical trials to validate results in humans improves JAK 
inhibitor data applicability, enabling practical conclusions to be drawn 
in humans in vivo. BANDIT spans four Australian sites,23 increasing 
demographical representation. Despite this, ≥87% participants in 
both cohorts are white, limiting global generalisability, although the 
participant population was representative of the Australian new-
onset T1D population in terms of ethnicity. The randomisation and 
double-blind features reduce allocation and maintenance bias. A 
placebo-controlled cohort allows valid comparison, with baseline 
characteristics similar in both groups. During the trial, COVID-19 
occurred, so 27 individuals suspended drug or placebo for ≥5 days. 
No consistent C-peptide changes were observed post-COVID-19, 
with no evidence of alteration at the endpoint, so this limitation 
appears to be minimal. Insulin pumps used by 15 participants 
displayed lower daily insulin dosage than those with injections, 
introducing a potential confounder, decreasing internal validity. With 
regards to safety outcomes, none of the adverse events recorded 
were attributed to baricitinib or placebo, suggesting no significant 
safety concerns. 

Pre-clinical data suggests JAK inhibitors reduce hallmark features 
of T1D, potentially reversing disease in mice. Despite limitations of 
mice models, data appears to translate into human clinical outcomes, 
suggesting preserved β-cell function and increased insulin 
production.  

Conclusion 

Studies show HLA-1 hyperexpression is exclusively present in T1D. 
Skog et al disagrees, claiming it is artefactual, however, small sample 
size and tissue preservation testing limitations, prevent reliable 
conclusions from being drawn. This is disproved by the concordance 
of other studies, confirmed at protein and mRNA levels, so HLA-1 
hyperexpression is not artefactual. 

Two studies demonstrate IFNα and γ are implicated in 
hyperexpressing HLA-1, agreeing STAT1 and STAT2 are present in 
downstream phosphorylation and lead to such expression. The 
third study implicates JAKs in this pathway, by preventing JAK-
STAT phosphorylation to reduce MHC-1 expression. Importantly, 
highlighting interventional timings demonstrates HLA-1 
hyperexpression can be prevented before IFN stimulation, an ideal 

interventional stage screened for with biomarkers. 

Mice models show JAK1/JAK2 inhibitors reduce MHC-1 
hyperexpression, seemingly translating into clinical outcomes. 
Despite variable success levels, studies agree all drugs tested 
display a basic framework to reverse/dampen T1D, demonstrated by 
biomarkers and glycaemia. 

Convincing evidence exists to suggest the mechanism hypothesised 
for T1D via the JAK-STAT pathway, which can be targeted by JAK 
inhibitors. These show potential, with correlations between extent 
of HLA-1 expression reduction and endogenous insulin production, 
thereby reducing exogenous insulin treatment requirements. 
Fundamentally, treatment displays groundwork to successfully target 
this pathway. Since HLA-1 hyperexpression is present, reducing this 
is vital to dampen CTL activity, preventing β-cell demise and insulin 
reduction. Safety profile must be considered in depth in future trials. 
Longer term RCTs with a JAK inhibitor, such as Baricitinib, should 
be conducted in individuals at risk of T1D, with detectable type 1 
IFNα signature, or another predictive biomarker, prior to disease 
onset, to inhibit IFN-induced HLA-1 hyperexpression before IFN 
overstimulation occurs. 
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Figure 1. demonstrates a PRISMA diagram outlining primary evidence literature synthesis for this review. This PRISMA diagram has 
been adapted from the BMJ Prisma 2020 Statement.25 
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