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Cautionary Note Regarding Forward Looking Statements

This presentation contains “forward-looking statements” within the meaning of Section 27A 
of the Securities Act of 1933, as amended, and Section 21E of the Securities Exchange Act of 
1934, as amended, that are intended to be covered by the “safe harbor” created by those 
sections. Forward-looking statements, which are based on certain assumptions and describe 
our future plans, strategies and expectations, can generally be identified by the use of 
forward-looking terms such as “believe,” “expect,” “may,” “will,” “should,” “would,” “could,” 
“seek,” “intend,” “plan,” “goal,” “project,” “estimate,” “anticipate,” “strategy,” “future, “vision”, 
“likely” or other comparable terms, although not all forward-looking statements contain these 
identifying words. All statements other than statements of historical facts included in this 
presentation regarding our strategies, prospects, financial condition, operations, costs, plans 
and objectives are forward-looking statements. Examples of forward-looking statements 
include, among others, statements we make regarding our belief  that CUE-401 has the 
potential to transform treatment across a broad spectrum of autoimmune and inflammatory 
diseases, our belief regarding the potential benefits, applications, novelty and market 
potential of our drug candidates and programs, our development plans with respect to our 
CUE-100, CUE-400, and CUE-500 series, our business strategies, plans and prospects, including 
our pans to advance CUE-401 toward the clinic and explore additional portfolio optimization 
and partnering opportunities, our cash runway and the sufficiency of our cash and cash 
equivalents to fund our operations and our expectations regarding the timing of milestone 
events, regulatory developments and expected future operating results. Forward-looking 
statements are neither historical facts nor assurances of future performance. Instead, they are 
based only on our current beliefs, expectations and assumptions regarding the future of our 
business, future plans and strategies, projections, anticipated events and trends, the economy 
and other future conditions. Because forward-looking statements relate to the future, they 
are subject to inherent uncertainties, risks and changes in circumstances that are difficult to 
predict and many of which are outside of our control. Our actual results and financial 
condition may differ materially from those indicated in the forward-looking statements. 
Therefore, you should not rely on any of these forward-looking statements. Important factors 
that could cause our actual results and financial condition to differ materially from those 
indicated in the forward-looking statements include, among others, our limited operating 
history, limited cash and a history of losses; our ability to achieve profitability; potential 
setbacks in our research and development efforts including negative or inconclusive results 
from our preclinical studies, or clinical trials or our ability to replicate in later clinical trials 

positive results found in preclinical studies and early-stage clinical trials of our product 
candidates; serious and unexpected drug-related side effects or other safety issues 
experienced by participants in clinical trials; our ability to secure required U.S. Food and Drug 
Administration (“FDA”) or other governmental approvals for our product candidates and the 
breadth of any approved indication; adverse effects caused by public health pandemics 
including possible effects on our operations and clinical trials; delays and changes in 
regulatory requirements, policy and guidelines including potential delays in submitting 
required regulatory applications to the FDA; our reliance on licensors, collaborators, contract 
research organizations, suppliers and other business partners; our ability to obtain adequate 
financing to fund our business operations in the near-term; our ability to successfully 
remediate our current “going concern” determination that we do not have sufficient capital 
on hand to continue operations beyond the next twelve months; our ability to maintain and 
enforce necessary patent and other intellectual property protection; competitive factors; 
general economic and market conditions; and the other risks and uncertainties described in 
the Risk Factors and in Management's Discussion and Analysis of Financial Condition and 
Results of Operations sections of our most recently filed Annual Report on Form 10-K,   
subsequently filed Quarterly Report(s) on Form 10-Q and other filings we make with the SEC. 
Any forward-looking statement made by us in this presentation is based only on information 
currently available to us and speaks only as of the date on which it is made. We undertake no 
obligation to publicly update any forward-looking statement, whether written or oral, that 
may be made from time to time, whether as a result of new information, future 
developments or otherwise.
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Our Mission:
To Develop Therapies that 
Mobilize the Immune System

©2025 Cue Biopharma
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Mobilizing the Immune System to Treat Serious Disease

• Specific T cell populations play a critical role in serious diseases
• CUE’s biologics platform is designed to enable selective modulation of T 

cell populations to treat immune mediated diseases
• Maturing clinical data show notable increases in survival for CUE-100 

Series and confirm the safety and efficacy of our IL-2 mutein in this 
setting

• CUE-401 is a unique Treg inducer with potential to become a new 
standard of care for autoimmune and inflammatory diseases

• Recent Boehringer Ingelheim collaboration provides validation of our 
approach to redirect anti-viral T cells to treat autoimmune disease with 
CUE-501

Key Takeaways
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Overall Survival of CUE-101 Monotherapy CUE-101 Median 
Overall Survival vs. 
Benchmarks1,2

CUE-100 Series
Maturing Data Shows Notable Increase in Survival 

Data Extract: 04-Aug-24 from live database with active patients.
* Historic - Keytruda - Reported Median Overall Survival (mOS) for second line HNSCC patients
Cohen et al KEYNOTE-040 Lancet, 2018 
Note:: Comparison to historic data is a cross-trial comparison and does not involve a head-to-head trial
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1. Ferris et al Checkmate 141 NEJM 375;19, 2016 
2. Cohen et al KEYNOTE-040 Lancet, 2018 
Note:: Comparison to historic data is a cross-trial 
comparison and does not involve a head-to-head 
trial

CUE-101 mOS at 4 mg/kg: 
20.8 months (N=20)

Low Doses ≤ 1 mg/kg (N=17)
     Active Doses ≥ 2 mg/kg (N=32)

OPDIVO KEYTRUDA CUE-101
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CUE-500 Series 
Partnering with Boehringer Ingelheim to Validate and Accelerate 
Development of CUE-501

Upfront $12 million

R&D 
Funding Providing research support payments

Milestones 
and 
Royalties

Up to $345 million in success-based milestone 
payments, beginning with two preclinical 
development milestones, plus royalties on net 
sales

Focus 
Autoimmune and inflammatory diseases with 
potential to expand into other applications 
where B cells play a key role

• Paints target cell with a virus-
specific epitope
• Redirects anti-viral killer T cells 

to eradicate pathogenic B cells, 
cancer cells, mast cells, and 
others

CUE-501 Pre-IND Enabling 
Studies Underway

CUE-501 Deal Terms

Targeted 
Viral Peptides

HLA

Fc Backbone

ScFv
Targeted to 
Pathologic Cells
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CUE-100 Series CUE-401CUE-501*

Innovative Growth Through our Platform
Redirecting Immune Repertoires as a Therapeutic Strategy

Selectively Targeting 
Multiple Cancers
• Clinically de-risked
• Demonstrated Clinical Benefit: 

ORR and Survival
• Efficient Production

Precision Approach to B 
Cell Depletion
• Recruitment and activation of 

virus specific killer T cells
• Platform opportunity for future 

expansion

Pipeline in a Product to 
Address Autoimmunity
• Re-establish immune 

balance/tolerance
• Potential to address multiple 

high-value indications
• Platform opportunity for future 

expansion

Autoimmune

Cancer Cancer

Autoimmune

*Collaboration with Boehringer Ingelheim
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Matteo Levisetti, MD
CUE-401: A Disruptive Approach 
in Autoimmune Disease
First-in-class mechanism using cutting-edge technology
Possibility for new standard of care
No HLA restriction
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T Lymphocyte populations
o Effector T cells: Responsible for inflammatory 

activity in health and disease
o Regulatory T cells: Responsible for controlling 

unwanted/destructive inflammatory activity

Regulatory T cells are powerful anti-inflammatory 
mediators that are critical for maintenance of 
immune balance 

CUE-401 has the potential to restore immune 
balance and tolerance by
o Transforming effector T cells into new Tregs, and
o Expanding existing Treg populations

CUE-401 
Transforming Effector T Cells into Regulatory T Cells 
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CUE-401: Harnessing the Power of TGF-β
Potent Immunosuppressive Cytokine Vital to the Maintenance 
of Immune Tolerance and Homeostasis

TGF-β suppresses the 
activity of multiple 
immune cell types while 
inducing 
immunosuppressive 
cell phenotypes. 

TGF-β is regarded as 
one of the most potent 
immunosuppressive 
cytokines — vital to the 
maintenance of immune 
homeostasis and 
immunologic self-tolerance
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Pipeline in a 
Product

• Transformative First-in-class mechanism 
• Cutting-edge biology compared with validated IL-2 

approaches
• Efficacy shown in multiple disease models suggests 

broad application in the autoimmune space

Components* 
Clinically 
Derisked

• No HLA restriction
• Incorporates IL-2 and parts of Fc from CUE-100 series*
• Favorable tolerability in multiple species, including non-

human primates

Clear Path 
to Clinic • Manufacturing and IND enabling studies underway

Near-term Value 
Inflection

• Phase 1 clinical data anticipated within 3-year time 
frame

CUE-401: High-Value Opportunity 
Potential for Disruptive Efficacy in Broad Range of 
Autoimmune Indications 

CUE-401 Masked Bispecific 

Mask

Fc Backbone

IL-2

TGF-β

Fc Backbone
Allows for simultaneous delivery of 
both IL-2 and TFG-β, along with 
ease of manufacturability

IL-2 Variant
Affinity attenuated;
same as in CUE-100 
series

TGF-β Variant
Affinity attenuated;
improved safety and 
manufacturability
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CUE-401: Differentiated Mechanism
Simultaneous IL-2 and TGF-β Signaling as the Essential Inducer 
for Treg Cells

CUE-401

IL-2
Fc Backbone

Mask

TGF-β

T Cell Expansion

nTreg

nTreg

Teff
Conversion

nTreg
Proliferation

Teff

iTreg

IL-2 Alone

Autoreactive 
T cell

FOXP3

“Breathing Mask” design enables active but 
attenuated TGF-β function and differentiated 
mechanism of action vs IL-2 muteins

Increased Quantity of Regulatory T Cells 
results from the proliferation of existing 
nTregs as well as induction of new iTregs 
from T effector pool
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Dr. Richard DiPaolo
Recognized Expert in Regulatory T Cells 

©2025 Cue Biopharma

Professor and Chair, Department of Molecular 
Microbiology & Immunology, Saint Louis University 



Background on Working with Tregs Induced by TGFβ and IL-2



Testing Effects of CUE-401 on CD4+ T cell Activation in vitro

IL-2 Only CUE-401
Naïve CD4 T cell

(Foxp3.GFP-)

iTregs
(Foxp3.GFP+)

CUE-401 Induces/Expands iTregs 

FoxP3

IL-2 Only CUE-401
Tregs 

(Foxp3.GFP+)

CUE-401 Expands nTregs

CD
4

FoxP3



Testing the Effects of CUE-401 in vivo

Vehicle Controls vs. 
Treated with CUE-401

(1 mg/kg)

• Flow Cytometry
• Cell sorting and Foxp3 promoter TSDR methylation
• Cell Sorting and re-activation
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FoxP3-GFP

24.0%

CUE-401 Increases Tregs

FoxP3-GFP

C
D

4
C

D
4Sort Tregs

Sort Tregs

• Both had ~100% demethylated Foxp3 Treg-
specific demethylated region (TSDR)

• Both retained Foxp3 expression after 
restimulation for 6 days in vitro.

Control

CUE-401



Summary of in vivo Studies with CUE-401

• CUE-401 treatment is effective at increasing the frequency of CD4+Foxp3+ Tregs.

• Tregs induced/expanded by CUE-401 are stable.

• Tregs induced/expanded by CUE-401 have an activated phenotype (CD25hiCTLA4hiGITRhi).

• CUE-401 did not induce the expansion/activation of effector T cells (unlike IL-2 complexes).

• A subset of the CUE-401 induced/expanded Tregs were transcriptionally distinct from Tregs 
expanded with IL-2 complexes

• These Tregs shared transcripts previously associated with TGFβ + IL-2 induced Tregs in vitro.



Testing CUE-401’s Ability to Suppress Autoimmunity

BALB/c Nude Mice
Isolate spleen cells.

Deplete CD25 expressing cells (Tregs).

Transfer 25x106 into T cell deficient mice.

After 2 months mice develop autoimmunity 
due to lack of Tregs.

100% of mice develop autoimmune gastritis.

Transfer a small number of autoreactive T 
cells (gastritis-causing) to track effects on 
autoreactive T cells



Can CUE-401 Suppress Autoimmunity?

25x106 CD25-(Treg) depleted splenocytes (Thy1.2)
+50,000 TxA23-Thy1.1 autoreactive tracer cells (0.2%)

Day +1, +14
• PBS (control)
• CUE-401 (1 mg/kg) 

Take Down Day 62

• Analyze cells in:
      stomachs, spleens, LNs

• Analyze gastric pathology
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Ø CUE-401 treatment resulted in significant and durable reduction of autoreactive T 
cells in the target tissue (stomach) that was maintained long after treatment.
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Ø CUE-401 treatment results in significant protection from autoimmune gastritis 
caused by a deficiency in Tregs.

Ø Initial short-term treatment with CUE-401 resulted in long-term protection.



Conclusions

• CUE-401 functions to induce new Tregs, expand existing Tregs, and suppress some effector T cell 
functions.

• In vivo administration of CUE-401 is effective at inducing/expanding and activating Tregs.

• Short term CUE-401 administration resulted in durable suppression of autoimmunity in a well-
established model where autoimmunity develops as a result of a deficiency in Tregs.
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CUE-401 Harnesses Multiple Signals to Induce Tregs
Data Shows Evidence of Inducible Treg Expansion from Effector 
T Cells (Teff), Differentiating from IL-2 Muteins 

           Treg Generation from Effector T Cells (Teff) with CUE-401 vs IL-2 Mutein: Human MLR* (In Vitro GVHD)

CUE-401
     2x IL-2 N88D-Fc

*Mixed Lymphocyte Reaction
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CUE-401
Significantly delayed development of GVHD 
& increased overall survival

IL-2 (wild type or a mutein) 
Accelerated progression of GVHD & reduced 
overall survival

CUE-401: Differentiated Benefit in Pre-clinical Models of 
GVHD vs. IL-2 Mutein
CUE-401 Increased Survival 9+ Weeks Post-Treatment while 
IL-2 Mutein Alone Accelerated Disease

CUE-401
     Vehicle

Control (n=20)
     IgG – (IL-2N88D)2 (n=23)
     IgG – IL-2 (n=24)

Peterson et al, J Autoimmunity, 
2018

P<0.001

CUE-401 Dosing 
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Delayed GVHD & Increased 
Overall Survival

CUE-401: Durable Benefit & Pharmacodynamics in Model of 
Acute GVHD
Increased Tissue Tregs, Reduced Proinflammatory Cytokines, 
and Increases Survival 9+ Weeks Post-Treatment

Persistence of 
Human T Cell 
Graft

CUE-401
     Vehicle

P<0.001

Increased Treg 
Numbers in GVHD 
Target Tissue

Reduced Systemic 
Inflammatory 
Cytokines
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EAE Model of Multiple Sclerosis
Significant inhibition and delay of disease onset

Delayed Type Hypersensitivity – T Cell Mediated
Significant inhibition of cutaneous inflammation

CUE-401: Efficacy Across Diverse Disease Mechanisms
Functional Suppression of Inflammation in Multiple Disease 
Models Supports Broad Applicability in the Clinic

CUE-401
     Vehicle

KLH + CUE-401
     KLH + Cyclosporin 
A
     KLH + Vehicle

P<0.001

P<0.001
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• CUE-401 is well tolerated across all species 
at dose levels that result in maximum Treg 
expansion

à Enables & derisks efficient IND-enabling 
GLP toxicology program

• Even low doses in NHP drive significant 
Treg increases well beyond that observed 
in rodents

à CUE-401 has the potential to promote 
meaningful increases in Tregs in 
humans at low dose levels

CUE-401: Significant Treg Expansion Across Species
Greatest Magnitude of Treg Expansion in Non-Human 
Primates (NHP) – Supports Strong Potential Activity in Humans

Vehicle 0.1 mg/kg
CUE-401
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Bispecific 
Mechanism of 
Action

“Breathing Mask” design enables active but attenuated TGF-β 
function and differentiated mechanism of action vs IL-2 muteins 
with potential to induce immune tolerance

Preclinical Data
CUE has generated efficacy and tolerability data sets in 3 
species and 3 disease models in addition to data generated by Dr. 
DiPaolo 

Pharmacokinetics Comparable exposure across species sufficient to promote 
significant Treg expansion

Manufacturing Productive cell line established, stability demonstrated, and 
scale-up manufacturing ongoing

CUE-401

CUE-401: Novel, First-in-Class T Cell Immunomodulator 
Broad Potential Across Multiple Autoimmune Indications



©2024 Cue Biopharma   CONFIDENTIAL DO NOT DISTRIBUTE 30©2025 Cue Biopharma©2025 Cue Biopharma 30©2025 Cue Biopharma

Dr. Andrew Cope
The Clinical Perspective

©2025 Cue Biopharma

Head, Centre for Rheumatic Diseases, King’s College, London



A Commitment to T Cell Biology and ”Immune Reset”
Chronic Exposure to Tumor Necrosis Factor (TNF) In Vitro Impairs the
Activation of T Cells through the T Cell Receptor/CD3 Complex; Reversal In
Vivo by Anti-TNF Antibodies in Patients with Rheumatoid Arthritis
Andrew P. Cope, Marco Londei, N. Randall Chu, Shara B. A. Cohen, Michael J. Elliott, Fionula M. Brennan,
Ravinder N. Maini, and Marc Feldmann
The Mathilda and Terence Kennedy Institute of Rheumatology, Sunley Division, Hammersmith, London, W6 8LW, United Kingdom

Abstract

Experiments were designed to test the hypothesis that
chronic exposure to tumor necrosis factor alpha (TNF) al-
ters the function of activated T lymphocytes. Pretreatment
of tetanus toxoid-specific T cell clones with TNF for up to
16 d impaired rechallenge proliferative responses to antigen
in a dose- and time-dependent fashion. IL-2 and PHA re-
sponses were preserved. Prolonged treatment with TNF im-
paired production of IL-2, IL-10, IFNy, TNF, and lympho-
toxin (LT) following stimulation with immobilized OKT3,
and resulted in suboptimal expression of the IL-2R alpha
chain (Tac) but not CD3, CD4, or HLA-DR antigens, when
compared to untreated control cells. By contrast, pretreat-
ment of T cells for prolonged periods in vitro with neutraliz-
ing anti-TNF monoclonal antibodies (mAb) enhanced prolif-
erative responses, increased lymphokine production, and
upregulated Tac expression following stimulation with
OKT3. To determine whether TNF exerts immunosuppres-
sive effects on T cells in vivo, we studied cell-mediated im-
munity in patients with active rheumatoid arthritis (RA),
before and after treatment with a chimeric anti-TNF mAb.
Treatment with anti-TNF restored the diminished prolifera-
tive responses of PBMC to mitogens and recall antigens
towards normal in all patients tested. These data demon-
strate that persistent expression of TNF in vitro and in vivo
impairs cell-mediated immune responses. (J. Clin. Invest.
1994. 94:749-760.) Key words: tumor necrosis factor * T
lymphocytes * immunosuppression * cell-mediated immunity
* rheumatoid arthritis

Introduction
The short-term effects of the cytokine tumor necrosis factor
alpha (TNF)' have been studied extensively in vitro. A detailed

Address correspondence to Dr. Andrew P. Cope, Department of Micro-
biology and Immunology, Room D345, Sherman Fairchild Science
Building, Stanford University School of Medicine, Stanford, CA 94305-
5402.

Received for publication 5 January 1994 and in revised form 18
April 1994.

1. Abbreviations used in this paper: IDA, index of disease activity; LT,
lymphotoxin; PE, phycoerythrin; PPD, purified protein derivative; SkSd,
Streptokinase/Streptodomase; Tac, Tac antigen (1L-2R alpha chain);
TNF-R, tumor necrosis factor receptor.

analysis reveals a pattern of responses that are considered immu-
nostimulatory or proinflammatory (reviewed in reference 1).
For example, TNF is a growth factor for T and B cells (2, 3),
a potent activator of macrophages (4), and induces the produc-
tion of proinflammatory mediators such as prostaglandins and
collagenase (5) and other cytokines such as interleukin-l (IL-
1) (6, 7), IL-6 (8), and granulocyte-macrophage colony stimu-
lating factor (GM-CSF) by both hemopoetic and nonhemo-
poeitic cells (9, 10). During acute inflammatory responses these
proinflammatory effects may be amplified further by TNF
through upregulation of adhesion molecules intracellular adhe-
sion molecule-1, vascular cell adhesion molecule-1, and endo-
thelial leukocyte adhesion molecule- 1 on endothelium (1 1), and
by the induction of chemoattractants such as IL-8 (12), thereby
facilitating the trafficking of cells to sites of inflammation.

The long-term effects of TNF in disease, on the other hand,
have been more difficult to define. Some clues have been pro-
vided by clinical studies of chronic inflammatory disease such
as rheumatoid arthritis (RA), multiple sclerosis (13), and
Crohn's disease (14), and chronic infections such as malaria
(15), tuberculosis, and leishmaniasis (16), in which TNF expres-
sion is augmented. For example, one clinical manifestation
thought to be related to chronic TNF exposure in vivo is the
wasting syndrome known as cachexia, particularly characteristic
of chronic parasitic infestation and malignancy (1, 17), but also
a recognized feature of many chronic inflammatory diseases
(18). There are other features of these conditions, such as im-
mune dysfunction, which could also be due to sustained over-
production of cytokines, but which have not been investigated
in any detail at the cellular level. Thus, detailed study of the
long-term effects of TNF on cells present at sites of inflamma-
tion would be of interest, and might enhance our understanding
of the cellular and molecular mechanisms that contribute to the
pathogenesis of chronic inflammatory disease.

RA is a chronic inflammatory disease in which local, sus-
tained overproduction of cytokines such as IL-1, IL-6, IL-8,
GM-CSF, and TNF has been reported (19). Synovial cells,
chiefly comprising monocytes and activated T cells, with fewer
fibroblasts, produce TNF spontaneously in culture (20, 21). In
addition, they express high levels of TNF receptors (TNF-R)
which are sustained for many days in culture, in contrast to the
transient expression of some cytokine receptors (e.g., IL-2R, as
well as TNF-R) observed on PHA and IL-2 stimulated periph-
eral blood mononuclear cells (PBMC) (22). These abnormal
cytokine responses, and the notable reduction of inflammatory
mediators by neutralizing TNF in RA synovial cultures (23,
24), have implicated TNF in the pathogenesis of RA (19-24).
The development of a spontaneous arthritis in mice expressing
a human TNF transgene modified by exchanging the 3' untrans-
lated region with that of human P-globin suggests further that
persistent overexpression of TNF alone is sufficient to induce
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ARTICLE

The cholesterol biosynthesis pathway regulates
IL-10 expression in human Th1 cells
Esperanza Perucha 1,2, Rossella Melchiotti3, Jack A Bibby1,2, Wing Wu1,2, Klaus Stensgaard Frederiksen 4,
Ceri A. Roberts2,14, Zoe Hall5, Gaelle LeFriec6, Kevin A. Robertson7, Paul Lavender8,
Jens Gammeltoft Gerwien4,15, Leonie S. Taams 2, Julian L. Griffin5, Emanuele de Rinaldis3,
Lisa G.M. van Baarsen9,10, Claudia Kemper6,11,12, Peter Ghazal7,13 & Andrew P. Cope 1,2

The mechanisms controlling CD4+ T cell switching from an effector to an anti-inflammatory

(IL-10+) phenotype play an important role in the persistence of chronic inflammatory dis-

eases. Here, we identify the cholesterol biosynthesis pathway as a key regulator of this

process. Pathway analysis of cultured cytokine-producing human T cells reveals a significant

association between IL-10 and cholesterol metabolism gene expression. Inhibition of the

cholesterol biosynthesis pathway with atorvastatin or 25-hydroxycholesterol during switch-

ing from IFNγ+ to IL-10+ shows a specific block in immune resolution, defined as a significant

decrease in IL-10 expression. Mechanistically, the master transcriptional regulator of IL10 in

T cells, c-Maf, is significantly decreased by physiological levels of 25-hydroxycholesterol.

Strikingly, progression to rheumatoid arthritis is associated with altered expression of cho-

lesterol biosynthesis genes in synovial biopsies of predisposed individuals. Our data reveal a

link between sterol metabolism and the regulation of the anti-inflammatory response in

human CD4+ T cells.
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The suppression of immune responses to self antigen is vital to the 
limitation of autoimmunity. Similarly, the timely contraction of  
T cell responses to infection is critical for protection against immuno-
pathologies arising from exuberant inflammation. The cytokine 
interleukin 10 (IL-10) is critical in immunosuppression1, inhibiting 
production of the proinflammatory cytokines tumor necrosis factor 
and IL-12 in macrophages and dendritic cells1,2 and suppressing the 
production of IL-2 and interferon-γ (IFN-γ) by effector T cells3. Thus, 
Il10−/− mice succumb to colitis because of their inability to regulate 
immune responses to gut flora4, and susceptibility to colitis has like-
wise been reported for human families carrying mutations in genes 
encoding IL-10 receptor chains5. Moreover, whereas IL-10 deficiency 
in mice accelerates clearance of infection with Toxoplasma gondii or 
Trypanosoma cruzi, such mice succumb to tissue damage caused by 
overproduction of proinflammatory cytokines2,6.

IL-10 can be produced by many cell types, including dendritic cells, 
macrophages, B cells and T cells, among which T helper type 2 (TH2) 
cells and adaptive regulatory T cells (Treg cells), such as type 1 Treg 
cells (Tr1 cells), have been suggested to be chief sources1,7,8. However, 
uncertainty as to the nature of critical IL-10-producing cells in vivo, 
particularly in humans, has been fueled by the realization that under 
certain conditions, large amounts of IL-10 can be secreted by some 
natural Treg cells9, IL-17-producing helper T cells10 and TH1 cells11–14.  
Indeed, IL-10-producing TH1 cells have sparked much interest 

because they seem to be key in regulating immune responses to 
 certain infections14–17 and because their induction might be a mecha-
nism by which tolerance is induced in the presence of persistent (self) 
antigen18. Thus, there is particular interest in understanding what 
regulates IL-10 production by TH1 cells.

CD46 is a ubiquitously expressed human type I transmembrane 
glycoprotein originally identified as a complement-regulatory protein. 
Coengagement of the T cell antigen receptor (TCR) and CD46 on 
human CD4+ T cells induces substantial IL-10 secretion, moderate 
IFN-γ production and expression of granzyme B and perforin19,20. 
Indeed, that phenotype, plus an IL-10-dependent, transcription  
factor Foxp3–independent ability to suppress bystander effector  
T cells, establishes the similarity of T cells activated with antibody to 
CD3 (anti-CD3) and anti-CD46 to Tr1 cells21. Moreover, both CD46-
dependent induction of IL-10 and generation of Tr1 cells are highly 
dependent on exogenous IL-2 (refs.7,19,21), which suggests that CD46 
might naturally be a key factor in the switch of TH1 cells to a Tr1-like 
phenotype; however, this has not been investigated directly.

CD46 binds the opsonins C3b and C4b and functions as a cofactor 
in their proteolytic degradation by serine protease factor I (ref. 22). 
CD46 also functions as a receptor for several important human 
pathogens, such as Streptococcus pyogenes23,24. Four isoforms of CD46 
arise by alternative splicing25. All isoforms contain four conserved 
 complement control repeats, followed by variant forms of a highly  
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4Department of Medicine, Division of Immunology and Pathology, Washington University School of Medicine, St. Louis, Missouri, USA. 5Biomedical Research Centre, 
King’s Health Partners, Guy’s Hospital, London, UK. 6Department of Medicine, Division of Rheumatology, Washington University School of Medicine, St. Louis, 
Missouri, USA. 7Academic Department of Rheumatology, King’s College London, London, UK. 8These authors contributed equally to this study. Correspondence should 
be addressed to C.K. (claudia.kemper@kcl.ac.uk).
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Complement regulator CD46 temporally regulates 
cytokine production by conventional and 
unconventional T cells
John Cardone1,8, Gaelle Le Friec1,8, Pierre Vantourout2,3, Andrew Roberts2,3, Anja Fuchs4, Ian Jackson1,5,  
Tesha Suddason1,5, Graham Lord1,5, John P Atkinson6, Andrew Cope5,7, Adrian Hayday1–3,5 & Claudia Kemper1

In this study we demonstrate a new form of immunoregulation: engagement on CD4+ T cells of the complement regulator CD46 
promoted the effector potential of T helper type 1 cells (TH1 cells), but as interleukin 2 (IL-2) accumulated, it switched cells 
toward a regulatory phenotype, attenuating IL-2 production via the transcriptional regulator ICER/CREM and upregulating IL-10 
after interaction of the CD46 tail with the serine-threonine kinase SPAK. Activated CD4+ T cells produced CD46 ligands, and 
blocking CD46 inhibited IL-10 production. Furthermore, CD4+ T cells in rheumatoid arthritis failed to switch, consequently 
producing excessive interferon-g (IFN-g). Finally, gd T cells, which rarely produce IL-10, expressed an alternative CD46 isoform 
and were unable to switch. Nonetheless, coengagement of T cell antigen receptor (TCR) gd and CD46 suppressed effector cytokine 
production, establishing that CD46 uses distinct mechanisms to regulate different T cell subsets during an immune response.
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Abatacept in individuals at high risk of rheumatoid arthritis 
(APIPPRA): a randomised, double-blind, multicentre, 
parallel, placebo-controlled, phase 2b clinical trial
Andrew P Cope, Marianna Jasenecova, Joana C Vasconcelos, Andrew Filer, Karim Raza, Sumera Qureshi, Maria Antonietta D’Agostino, 
Iain B McInnes, John D Isaacs, Arthur G Pratt, Benjamin A Fisher, Christopher D Buckley, Paul Emery, Pauline Ho, Maya H Buch, Coziana Ciurtin, 
Dirkjan van Schaardenburg, Thomas Huizinga, René Toes, Evangelos Georgiou, Joanna Kelly, Caroline Murphy, A Toby Prevost, on behalf of the 
APIPPRA study investigators*

Summary
Background Individuals with serum antibodies to citrullinated protein antigens (ACPA), rheumatoid factor, and 
symptoms, such as inflammatory joint pain, are at high risk of developing rheumatoid arthritis. In the arthritis 
prevention in the pre-clinical phase of rheumatoid arthritis with abatacept (APIPPRA) trial, we aimed to evaluate the 
feasibility, efficacy, and acceptability of treating high risk individuals with the T-cell co-stimulation modulator 
abatacept.

Methods The APIPPRA study was a randomised, double-blind, multicentre, parallel, placebo-controlled, phase 2b 
clinical trial done in 28 hospital-based early arthritis clinics in the UK and three in the Netherlands. Participants (aged 
≥18 years) at risk of rheumatoid arthritis positive for ACPA and rheumatoid factor with inflammatory joint pain were 
recruited. Exclusion criteria included previous episodes of clinical synovitis and previous use of corticosteroids or 
disease-modifying antirheumatic drugs. Participants were randomly assigned (1:1) using a computer-generated 
permuted block randomisation (block sizes of 2 and 4) stratified by sex, smoking, and country, to 125 mg abatacept 
subcutaneous injections weekly or placebo for 12 months, and then followed up for 12 months. Masking was achieved 
by providing four kits (identical in appearance and packaging) with pre-filled syringes with coded labels of abatacept 
or placebo every 3 months. The primary endpoint was the time to development of clinical synovitis in three or more 
joints or rheumatoid arthritis according to American College of Rheumatology and European Alliance of Associations 
for Rheumatology 2010 criteria, whichever was met first. Synovitis was confirmed by ultrasonography. Follow-up was 
completed on Jan 13, 2021. All participants meeting the intention-to-treat principle were included in the analysis. This 
trial was registered with EudraCT (2013–003413–18).

Findings Between Dec 22, 2014, and Jan 14, 2019, 280 individuals were evaluated for eligibility and, of 213 participants, 
110 were randomly assigned to abatacept and 103 to placebo. During the treatment period, seven (6%) of 110 participants 
in the abatacept group and 30 (29%) of 103 participants in the placebo group met the primary endpoint. At 24 months, 
27 (25%) of 110 participants in the abatacept group had progressed to rheumatoid arthritis, compared with 38 (37%) 
of 103 in the placebo group. The estimated proportion of participants remaining arthritis-free at 12 months was 
92·8% (SE 2·6) in the abatacept group and 69·2% (4·7) in the placebo group. Kaplan–Meier arthritis-free survival 
plots over 24 months favoured abatacept (log-rank test p=0·044). The difference in restricted mean survival time 
between groups was 53 days (95% CI 28–78; p<0·0001) at 12 months and 99 days (95% CI 38–161; p=0·0016) at 
24 months in favour of abatacept. During treatment, abatacept was associated with improvements in pain scores, 
functional wellbeing, and quality-of-life measurements, as well as low scores of subclinical synovitis by ultrasonography, 
compared with placebo. However, the effects were not sustained at 24 months. Seven serious adverse events occurred 
in the abatacept group and 11 in the placebo group, including one death in each group deemed unrelated to treatment.

Interpretation Therapeutic intervention during the at-risk phase of rheumatoid arthritis is feasible, with acceptable 
safety profiles. T-cell co-stimulation modulation with abatacept for 12 months reduces progression to rheumatoid 
arthritis, with evidence of sustained efficacy beyond the treatment period, and with no new safety signals.

Funding Bristol Myers Squibb.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
Over the past decade, there has been progress in 
understanding the genetic, environmental, and immuno-
logical risk factors associated with rheumatoid arthritis, 

and that individuals at high risk of disease can be 
identified by detecting serum autoantibodies to 
citrullinated protein antigens (ACPA) and symptoms, 
such as inflammatory joint pain.1,2 Although the presence 
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Co-stimulation modulation delays but does not prevent RA 
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CUE-401: Clinical Perspectives

• CUE-401 may be a transformative treatment for RA at several stages 
of disease, including pre-RA, recent-onset RA and established RA.
• Expansion and induction of Tregs by CUE-401 is an innovative 

approach to achieving an immune “reset” in patients with 
autoimmune and inflammatory disease.
• Mechanism of action of inducing and expanding Tregs is likely to be 

efficacious in many autoimmune diseases.
• Immune rebalance established by durable expansion of Tregs may 

lead to long-lasting tolerance.
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Mobilizing the Immune System to Treat Serious Disease

• Specific T cell populations play a critical role in the immune response 
to serious diseases

• CUE’s unique biologics platform enables selective modulation  of select 
T cell populations for the treatment of autoimmune disease and cancer

• New data suggest that CUE-401 could transform the standard of care 
for autoimmune diseases and inflammation

• Recent Boehringer Ingelheim collaboration showcases CUE-501: 
potential ability to use anti-viral T cells to treat autoimmune disease

• Maturing clinical data show notable increase in survival data for CUE-
100 Series

• Current cash resources expected to support key developments  of our 
corporate strategy

Key Takeaways



©2024 Cue Biopharma   CONFIDENTIAL DO NOT DISTRIBUTE 39©2025 Cue Biopharma©2025 Cue Biopharma

Thank you.


