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Introduction iTreg Differentiation: Key role for TGF-3 & IL-2 signals

Increasing the numbers of regulatory T cells (Tregs) is an attractive therapeutic strategy for treating IL-2
autoimmune and inflammatory diseases. In contrast to natural Tregs (nTregs) that are present in small

numbers and constitutively express CD25 (IL-2R alpha), induced Tregs (iTregs) are derived from the vastly A NAIVE CD4+ T CELLS:

larger component of the normal CD4+ T cell repertoire that is CD25-negative. While CD25-biased IL-2 Sorted CD4* Foxp3-eGFPnes thymocytes

CUE-401 induces Foxp3+ Suppressive iTregs From In vivo induction of Foxp3+ Tregs and inhibition of
Naive Murine CD4+ T Cells autoreactive T cells in the TxA23 model of autoimmune

gastritis

Increased Foxp3+ CD4+ T cells in blood and lymph nodes 7 days after

variants/muteins are being developed to potentially expand nTregs, Cue Biopharma’s approach « CD4+ T cells activated in the presence of TGF-8 and ] : )

incorporates both IL-2 ang TGF-bgta signpals, whic¥1 arz needed f’or inductionpand expanzl?on (@ v IL-2 induce FOXP3 expression to generate iTregs -—  (+ anti-CD3/CD28) treating TxA23 mice with CUE-401

of iTregs. Importantly, the IL-2 signal in our approach is not biased to CD25 (IL-2R alpha) receptor subunit M that have suppressor activity :

since the vast majority of the peripheral CD4+ T cell repertoire does not express CD25. ) TGFb3 (0.4nM) + Vehicle CUE-401 (1 mg/kg)
Media + IL-2 IL-2 (0.6nM CUE-401 (30 nM) [T8:0% 2.0%) . [383% 61.7%

Harnessing iTregs over nTregs may have several key advantages from a therapeutic perspective: (i) the * Challenges for in vivo therapeutic applications: edia 2 (0.6nM) E E

numbers of nTregs is limited since they come differentiated from the thymus with a fixed TCR repertoire, 114.7% 85.3%

while iTregs can be readily generated from the vast majority of the conventional CD4+ T cell F) s1aTs ) * To ensure TGF-( and IL-2 engage the same target ;BM e 12.9%
compartment that is diverse and adaptable to the local microenvironment; (i) the ability to convert SEEDERI0 T cell '
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pathogenic autoreactive T cell into a regulatory phenotype is an attractive opportunity for immune re-set
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and restoration of immune balance; and (iii) the differentiation of iTregs can be achieved directly in the * Avoid systemic effects and safety liabilities
patient’s body as long as the requisite two key modulators (IL-2 and TGF-beta) can co-localize to the same — associated with wildtype IL-2 and TGF-f3 ] 3 3
T cell. In chronic autoimmune diseases autoreactive T cells are constantly recognizing self- 2@ Tt A4 E 3 0.00% 0.00% gu_m% 0.00%
antigens (i.e. Signal 1 of TCR engagement is perpetual), which provides an attractive opportunity to co- ] L A L A LA A
deliver the IL-2 and TGF-beta to these T cells to potentially convert them into an iTreg phenotype. 1
{29.0% 5.86% 123.9% 23.0%
In vitro data demonstrate CUE-401 effectively induces FOXP3-expressing iTregs from T cells isolated from Made in BioRender %u_uu% 0.00%
healthy donors and donors with rheumatoid arthritis and inflammatory bowel disease, and that these iTregs L L . .
suppressed effector T cell responses. In vivo studies demonstrate that a single dose of CUE-401 is effective . . . ; Lymph node
at expanding Tregs in mice with active and ongoing autoimmunity. Further characterization of CUE-401 in CUE-401 induces ITregS as measured by expression of the i |
preclinical disease models is ongoing. . . ]
master Treg transcription factor FOXP3 - |
- . . . . . v —_: _E
C t B CUE-401-induced murine iTregs CUE-401 induces suppressive iTregs in vitro. a ;
oncep are suppressive © :mﬁqﬂm?% S S P _5-2n2|%|' A ALY ﬂ9|1'.~‘|'%
(A) Naive CD4+ Foxp3 negative T cells sorted from the o B
| o | | . | Healthy donors IBD donors RA donors 4- thymus of Foxp3-GFP reporter mice were stimulated Foxp3 =————————————
Strategl.es to e>.(pand existing Tregs are being tested in the (.3|InIC.,.hOWGVGI’ strategles to ggnerate new ~ Ty + CUE-401 - . CUE401 with plate bound anti-CD3 and anti-CD28 in the
populations of induced Tregs (|Tr.egs) are hampered by thg |nabll!ty tp cq-dghver the two S|gnaI§, namely $°1 + recombinant + CUE-401 _ E ® IBD donor 1 @80- . - - x . oresence of IL-2, recombinant TGFR3 and
TQF-beta anq IL-2,.that are required to co.nve.rt T cellg dyrmg actlyatlop in vivo. We havg epr0|t§d 51| cytokines @® donor 1 £+ recombinant M 'BD donor2 5 e (r:c;ct::;?n ;rsnan : x:onor ; g recombinant IL-2, or CUE-401. Expression of CD4
rational prqteln engineering to d'evelop'a flrst-lp-class |nject§1ble blploglc, .CU.E-4.01, that is cqmprlsed of S8 |8 B donor 2 39, | cytokines 0 53 X RAdZ:Z:3 < and Foxp3 on Day 6 were determined by flow Blood 1 h d
an IL-? variant apd a TGF-B variant to |r1duce |Tr.eg.s. Induction of .|Tregs in vivo is an innovative and ;240 0 A donor 3 :',’3 - .;)%40- 5 = 2+ cytometry. CUE-401 and rTGFB3 and rIL-2 induced (o]0 ympn node TxA23 mice with ongoing
potentially effective means of suppressing chronic inflammatory diseases. s S, = 22045 = Syl 2 Foxp3 expression in >80% of CD4+ T cells. 80— 30 autoimmune gastritis were treated
S y o o © iy © 14 O CUE-401iTregs (B) The suppressive function of CUE-401 iTregs was with PBS or with 1 mg/kg CUE-
n . n = 0- : ! ' ' ' ' - : ' ' ' ' ' 2 o- : T | T T T E . i i M) .
04 1 10 100 1000 10000 014 1 10 100 1000 10000 04 1 10 100 1000 10000 - TGFb3/IL2-iTregs measured by co-culturing Cell Trace Violet (CTV) — L 401. 7 days following treatment,
Immune Balance in Autoimmune & Inflammatory Disease labeled naive CD4+ responder T cels with antigen T 60- = L Says o owg e e
CUE-401 (nM) CUE-401 (nM) CUE-401 (nM) = ' : : : ' presenting cells and iTregs at the indicated iTreg : T- o & o 20- PSSP :
PERIPHERY 0:1 1:8 14 1:2 11 2:1 ) : 20 Q ® was analyzed by flow cytometry in
: “Trea: Tresponder Ratio responder ratios. Cells were co-cultured for 5 days X o 40— X 0 the blood or gastric lymph node.
THYMUS WThed + ITied g: p and CTV dilution in proliferating CQ4+ rgqunder T u? g u? ';, FACS plots and graphs display
CUE-401 induces FOXP3 expression in CD4+ T cells from healthy and diseased donors. CD4+ T cells cells was used to calculate the proliferation index. X £ X § 10- frequencies of Foxp3+ cells
isolated from the indicated donors were stimulated with CD3 and CD28 in the presence of the indicated 8 20- g among CD4+ T cells in the blood
Antigen concentration of CUE-401. Positive control wells contained 5 ng/ml TGFB3 and 100 U/ml IL-2. Cells were ~ and CD4+ cells and Foxp3+ cells
MHC 1| stimulated for 5 days and expression of FOXP3 was determined by flow cytometry. IBD, inflammatory bowel . . - . among total cells in the gastric LN.
disease; RA, theumatoid arthritis, Conventional iTregs and iTregs induced by CUE-401 0- 0
express similar levels of Treg-associated markers (1 ma/kg) (1 ma/kg)

-
-
-—---—-—"".-

Inhibition of autoreactive T cell proliferation in lymph nodes

CUE-401 induces FOXP3+ iTregs in human mixed Conventionalifregs  CUE-401-induced iTregs of CUE-401-treated mice
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*  Numbers: potentially large numbers of iTregs can be generated from the broader CD4+ T cell © AN
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- Diversity: TCR specificity of nTregs is pre-determined and fixed, while iTregs can be generated from
vastly diverse polyclonal CD4+ T cells. CUE-401 Induction of FOXP3 Expression in Allogeneic T cell Responses. Monocyte-derived dendritic cells

(moDC) were differentiated with GM-CSF and IL-4 for 5 days, harvested, and incubated with freshly thawed

TxA23 mice with ongoing autoimmune gastritis
were treated with PBS or with 1 mg/kg CUE-401.
Seven days following treatment, proliferation of
CD4+ Foxp3+ Treg and CD4+ Foxp3- effector T
cells was measured in the gastric LN using Ki67
staining. FACS plots display Foxp3 and Ki67
expression among CD4+ T cells. The graph
displays reduced frequencies of Ki67+, FoxP3-
CDA4+ effector T cells among total CD4+ cells in
gastric lymph nodes of CUE-401 treated mice.
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* Phenotype: regulatory phenotype of iTregs can be achieved and sustained via IL-2 and TGF-beta
signals.

allogenic or autologous CD4+ T cells. CD4+ T cell to moDC ratios were fixed at 5:1, and co-cultures incubated
for 5 days in the presence of CUE-401 at the indicated concentration. At harvest, CD4+ cells were analyzed for

- Disease impact: Conversion of pathogenic T cells into regulatory phenotype is an attractive FOXP3 expression by flow cytometry.
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- Application: Broad applications for iTregs in numerous autoimmune diseases, GVHD and
transplantation.
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IL-2 Variant > Derived from CUE-101; Cue’s lead IO asset with = 2 eo- ' '
favorable activity/tolerability observed in clinic % 80- E CO N CI us i ons
_________________________ .  Free N-Terminus D 60- g 4] I I , , , , _ .
Ability to localize to tissues or target cellular subsets through E_ @ CUE-401 induced iTregs Z oA ' ' = Rational protein engineering was deployed to generate CUE-401, a single biologic
ScFv attachment (e.g., MadCAM, anti-CD4,others) 2 40- -®- non-iTreg ctrl CD4" T cells . ] f ] that delivers the 2 key signals of IL-2 and TGF-beta for iTreg induction
"~ Fc Backbone 7] i » CUE-401 induces and expands FOXP3+ iTregs from healthy human PBMCs, and
Fc Backbone > . . . o 20- GITR CD38 CD73 :
Provides structural stability and ease of manufacturability NS from PBMCs from IBD and RA patients
0 | | | 100 » CUE-401-induced iTregs demonstrate functional suppression of effector T cells with
) TGF-b Variant y iTregqll'resLénde1r2Ratio © B[]—: Phenotypic markers were compared between iTregs induced pOIyC|0na| stimuli (ant|'CD3/CD28 SignaIS) and antigen'speCiﬁC stimuli (MLR
TGE-b Variant - L%p(;%‘;es TGF- manufacturability and attenuates TGF-R ' = ] by CUE-401 and iTregs generated with recombinant TGF(3 assays)
Average of 3 donors % suppression compared to T responder alone a 60 and IL-2 as described above. Relative levels of cell surface = CUE-401-induced Tregs are phenotypically comparable to iTregs generated with
CUE-401 has one molecule of attenuated IL-2 fused to an Fc along with an attenuated TGF-beta _ _ 3 : CD25, CTLA-4, PD-1, GITR, CD38, CD73, and GARP were soluble wildtvoe TGE-beta and IL-2
molecule. Importantly, the IL-2 variant in CUE-401 has already demonstrated tolerability in the clinic since Polyclonal stimulation of CD4+ T cells. CD4+ T cells were exposed to 300 nM CUE-401 and polyclonal s 407 compared on CD4+ Foxp3+ conventional iTregs (Red) and yP L . . .
it is the same IL-2 variant that is present in our current clinical candidate CUE-101, albeit in a different (CD3/28) agonism for 5 days. Autologous, CTV labeled CD4+ T cells (responder) and iTregs were cultured at the s I CUE-401 induced iTregs (Blue). = CUE-401 expands Tregs in vivo in a preclinical model of autoimmune gastritis
valency (CUE-101 harbors 4 molecules of an affinitv attenuated IL-2 alona with bivalent tumor-pebtide- indicated ratio with autologous mitomycin C treated PBMC and anti-CD3/28. Cultures were harvested at day 5 20 7 i r : : : : :
HLA m)cl)l(ecules to activate tumor-specific T cells). y J bep and proliferation of CTV labelled/diluted cells was used to determine % suppression. 01 = CUE-401-induced Tregs suppress proliferation of autoreactive T cells in gastric

lymph nodes
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