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Despite progress in improving treatment regimens for patients with T-cell acute lymphoblastic leukemia (T-ALL), the therapeutic options are still limited, and

especially antibody-based immunotherapy is not established. The CD7 antigen represents a promising target structure in T-ALL since it is strongly expressed

in different T-ALL subtypes including early T-cell precursor (ETP)-ALL. Therefore, different approaches are currently pursued for targeting CD7, including CAR- Proposed mode of action:

T cell therapy. Due to its high internalization capacity CD7 also represents an ideal target structure for antibody drug conjugates (ADC). 120000~ CD7-DE-vcMMAE CD7-ADC

Here, a novel antibody engineering approach for CD7-targeting was evaluated in vitro and in xenograft mouse models of T-ALL. A CD7 antibody was optimized 100000~ £ Y S .

for its ability to trigger antibody-dependent cell-mediated cytotoxicity (ADCC) and antibody-dependent cellular phagocytosis (ADCP) by introducing two amino 3 CD7-DE-vcMMAE is internalized after
acid substitutions (S239D/I332E; DE-variant) in the Fc-domain. In addition, the Fc-engineered antibody was conjugated to the microtubule-disrupting agent 80000 - » antigen specific binding and the valine-
monomethyl auristatin E (MMAE) via an enzymatic-cleavable linker (mc-vc-PABC). 8 A ?@ P citruline linker is cleaved due to cathepsin
The Fc-optimized ADC, CD7-DE-vcMMAE, as well as the unconjugated antibody, CD7-DE, showed improved binding to activating Fcy receptors (FcyRlla, << 60000- " i

FcyRIllla) compared to a CD7 antibody lacking the DE-modification. This resulted in potent ADCC- and ADCP-activity against different T-ALL cell lines n _ 0 Lo o CD7 . ® \ / 2 ,:3 |.n :lhk? .IySOS?mhe. Thbe lf.ree I\fMAE. Iee.lds
mediated by NK-cells or macrophages as effector cells. In contrast to the CD7-DE antibody, CD7-DE-vcMMAE showed strong cytotoxic effects independently 40000- ? o y © N nIW“\J\Nj:A((MNYKC apoptosis O Inhibition O, the tubulin polymerization
of immune effector cell engagement by releasing its cytotoxic compound into T-ALL cells in an antigen-restricted manner, thereby inducing G2/M cell cycle NN NI(“\)LNQA e Al oo ON° .%@ pop and results in cell cycle arrest and
arrest and apoptosis. CD7-DE-veMMAE was active at subnanomolar concentrations demonstrating dose-dependent cytotoxic effects in six T-ALL cell lines. 20000+ ’ OJ/ ’ tumor cell @ subsequent apoptosis. The free MMAE is
The extent of maximum growth inhibition ranged between 54-98 % and correlated with CD7 antigen density. Yet, although CD7-DE-vcMMAE did not kill CD7- 0 ol e""°‘°’“i permeable to cross cell membranes and is
negative cells directly, the linker design facilitated bystander killing activity. Thus, in co-culture experiments using CEM cells and CEM-CD7-knockout cells 07 NH, ® - - - ) -
mimicking CD7-antigen escape, the ADC demonstrated significant killing of neighboring CD7-negative cells, thereby extending its mode of action. - Q@ O 9 N S kD 6 A D @Q Q’ﬂ' ;{0 pf’ ‘:5" NZ Q/@ / mc vC PABC MMAE 3.2 .. ? e ab!ehbto. dlﬁuﬁe Igto antlgg.n nes.lellj“ve
The antitumor activity of the CD7-ADC was further investigated in xenograft mouse models of T-ALL. In a first model, CEM cells were injected subcutaneously <o L 0\'§ Q@"’ 50‘ R OSJ ‘\@\& free \“ &' o neighboring cells and may me late ing,
into NOD.Cg-Prkdcscid 112rgtm1Wijl/SzJ (NSG) mice and CD7-DE-vcMMAE treatment was evaluated in comparison to the unconjugated antibody CD7-DE. healthy T cells random T-ALL PDX Q {~,b* o,\{~ MMAE oo - ‘bystander killing %alle.((jj ?I}][stg.nd(-ir tkltllln.g {[ .taCtlfV;:]y.
Treatment with CD7-DE-vcMMAE led to a significantly reduced tumor growth in comparison to CD7-DE or untreated animals. A preclinical phase ll-like patient- Q) . ; : _ ikl Y esides the airect cytotoxic activity of the
derived xenograft (PDX) study employing eight randomly selected T-ALL-PDX samples from pediatric and adult patients was conducted. PDX-cells were o . . Design of CD7-DE-veMMAE. Th,e QD7'DE .antlch.jy IS optlmlzed for enhanced Fcy . ~h conjugated payload, the Fc-mediated
injected intravenously into NSG mice and treatment was started when the leukemia load reached 1 % human blasts in the peripheral blood, reflecting an overt CD7 quantification on T cells from healthy donors (A-D), T-ALL patient-derived xenograft receptor (FcyRlla and FcyRllla) binding and its ability to trigger ADCC and ADCP by effector functions of the unconjugated
leukemia situation. Animals receiving therapy with CD7-DE-vcMMAE showed significant prolongation of median survival in comparison to animals treated with (PDX) samples (1-8) and T-ALL cell lines (CEM, HSB-2, MOLT-16, Karpas-45, Jurkat, P12) in introducing two amino acid substitutions (S239D/I332E). CD7-DE was conjugated to the effector cell ADCC/ADCP antibodv are maintained and can thus
gsimilarly designed control ADC targeting an irrelevgnt antigen (coptroI-DE-chMAE) or which were left untreatgd. Importantly, no leukemic blasts were found comparison to CD7-knockout CEM cell line (CD7KO-CEM) and CD7-negative BCP-ALL cell line microtubule-disrupting agent monomethyl auristatin E (MMAE) via an enzymatic- mediatey antitumor  effect  also b
in the peripheral blood, spleen or bone marrow in animals treated with CD7-DE-veMMAE and surviving the experimental period of 150 days. B Nalm-6 were was performed by quantitative flow cytometry analysis to determine the Specific cleavable linker (mc-vc-PABC), resulting in the ADC CD7-DE-veMMAE with a drug to u y
Together, the novel ADC CD7-DE-veMMAE showed a unique set of Fc effector functions, potent direct growth inhibitory effects, bystander killing activity and . o : antibody ratio (DAR) of 3.2 MMAE-molecules per antibod engagement of effector cells.

efficacy in xenograft models of T-ALL. These results exhibit CD7-DE-vcMMAE as a promising therapeutic strategy and form the basis for new approaches in Antibody Binding Capacity (SABC). y . P Y-

the treatment of T-ALL.

CD7-DE-vcMMAE Triggers Fc-Mediated Effector Functions

CD7-DE-vcMMAE Triggers Significant Growth Inhibition in T-ALL Cell Lines

A CEM HSB-2 MOLT-16
. o o A CEM (CD7+) HSB-2 (CD7+) MOLT-16 (CD7+) Karpas-45 (CD7+) B ¢ _ untreated _ CDT-DE single culture
- &0} — 60 _ 10 0.02% - 103 0.2% o
ﬁig: éig: ﬁjz: ?120' E * %k k k % % ; ?120' ; * % * % * % * ?120- * % *k *x Kk *x Kk k * ?120- * % % % % % % ¥ 100- . ° ° A102_99% 0.7% 102-99%‘ 0.5% %i@ ,:\ @g " @{
g 3] g 30f g 30y 100 100 100 < 100- = S so- o > =
T 201 T 201 S 20 O — ® = ‘
i o Eo £ 80 £ 80 £ 80 g 2 O
s Tt e S 601 S 601 S 601 S 601 < T . -
p ) p ' . y c ) p ' . y "0.0¢ \ c ' ] y > > > > - 4
0.0001 0.001 . ':)(.:(():n tratioorf[nM] 1 10 0.0001 0.001 . :(.:ZL trati00|;1[nM] 1 10 0.0001 0.001 . :[:?n tra‘tiool;1[nM] 1 10 = 40- — . % 40- % 40- o - % 40- ?é 40 1°3§;D7-DE-5Y5(§ATMAE - Block (-)l-l;;:DC
B CEM HSB-2 MOLT-16 © 20- " a © 20- © 209 "~50~ © 20 £ 201 ® 4 999 % -
* = = 0. IC50 = 0.61 NnM W4T7% 10799%  0.8% co-culture single culture
. " o cgzttem " %licm=ossom o021 my J[lcozostm e o
R e _ - | —— T 0.01 0.1 1 10 100 0.01 0.1 1 10 100 0.01 0.1 1 10 100 0.01 0.1 1 10 100 L | T —— —
240- I H I 240- 240- I ﬂ i ab concentration [nM] ab concentration [nM] ab concentration [nM] ab concentration [nM] 0 25000 50000 75000 100000125000 = 10° ; 0%, p 201 . @ 307
= 201 = 201 = 20 SABC (CD7) T 1ot 71'02 10° 100 - 100 102 10° E 151 E
0 . . 04 . . 0 —m—m——r= . Annexin V > E E 20
w/o effectors with effectors w/o effectors with effectors w/o effectors with effectors Jurkat (CD7+) P12 (CD7+) CD7KO-CEM (CD7-) Nalm-6 (CD7-) 3 10 T 3
Cs CEM q HSB-2 9 MOLT-16 120- * 120 . 120 1204 Induction of cell cycle arrest and apoptosis. To 51 19 _ ——
% o % w0 %o ~ ok ok ko ok ok % ~ < ~ analyze induction of apoptosis and G2/M cell cycle D ntreated CD7-DE . | | . | 1
E ol £ ol | y S 3\; 2100' 21001'?4?% §1oo'+u-ﬂ+u-r!-i-f-ﬂ-iq:.h arrest triggered by CD7-DE-veMMAE, CEM cells A CEM (CDT+) CD7KO-CEM (CDT-) CEM (CD7+) CD7KO-CEM (CDT+)
g z - Laoj 2 £ 80- = 80- £ 80- were cultured for 72h in presence of CD7-DE- w0 G ™
S 2 S 2 £ 5 3 60 3 6o 3 g0 VeMMAE, CD7-DE (3nM) or left untreated. For 1 = wio " CDT-DE-veMMAE
§ § § 20- S © 7 ® 7 © . , - . :, 200
£ 101 8 101 g > > > A > Al target antigen blocking, CEM cells were 0 _ . .
5 3 5 101 = = 40 = 40 = 401 =B CD7-DE J J 9 . N 1o Analysis of bystander activity. To analyze the bystander effect of
3 ok , ) AR —— T ol et o & 20- [ & 204 8 20 —m= CD7.DE-vecMMAE preincubated for 30 minutes with the parental 1 CD7-DE-veMMAE. GD7 tve CEM call labelled with th
g0 e g0 e g0 e IC5 = 0.34 nM n IC50 = 0.41 nM “oE-ve murine antibody (30nM). B G T “OEVe 3 “PosTiive cefis were fabetied With he
0 : . . ] 0 : . . 1 0 . . . . 0 . . . 1 C) Annexin V and PI staining of early and late membrane dye Dil and cultured for 72h in co-culture with unlabeled
& CD7-DE - CD7-DE-vcMMAE -o- CD7-wt ~~ 4D5-DE 0.01 0.1 1 10 100 0.01 0.1 1 10 100 0.01 0.1 1 10 100 0.01 0.1 1 10 100 _ g _ _ y CD7-DE-vcMMAE Block + ADC i i i 1) i -DE-
CD7 | 1:1 h f the CD7-DE-vcMMAE
: b trati M b trati M b trati M b trati M apoptotic cells. D) Representative histograms of 250 negative cells (ratio 1:1) In the presence of the ve
Fc-mediated effector functions triggered by CD7-DE-vcMMAE A) 4h chromium release assays were ab concentration [nM] ab concentration [nM] ab concentration [nM] ab concentration [nM] hvootonic Pl staini £ h I | d cel (10 nM) or left untreated (w/o). Single culture conditions served as
performed to analyze ADCC. CD7-positive T-ALL cell lines (CEM, HSB-2, MOLT-16) were used as target cells ypotonic : staining ot the cell hucieus and ce ) / - trol. Apoptotic/ ti lls (dead cell det ined after 72h
_ , L . . _ .. . . . | | o) control. Apoptotic/necrotic cells (dead cells) were determined after
and peripheral blood mononuclear cells (PBMC) of healthy donors at an Effector:Target (E:T) ratio of 40:1 were Growth inhibitory activity mediated by CD7-DE-vcMMAE. A) Cell viability of CD7-positive cell lines CEM, HSB-2, MOLT-16, Karpas-45, Jurkat, P12 and CD7-negative cell line Cycle analysis. o with Annexin V-APC staining and cell populations were separated via
applied as effectors. Lysis triggered by CD7-DE-vcMMAE was compared to CD7-wt, CD7-DE or the 4D5-DE Nalm-6 and CD7-knockout CEM cells (CD7KO-CEM) was tested by MTT-assay after 96h treatment with increasing concentrations of CD7-DE-vcMMAE or CD7-DE. CD7-DE- Togethgr these d_a}’[a ?hOW that QD7'DE'VCMMAE £ ) ! gating Dil-positive and Dil-negative cells. * p<0.05, n.s. not significant
control antibody. * p<0.05 CD7-DE-vcMMAE vs. CD7-DE/wt B) ADCC of T-ALL cell lines was analyzed in vcMMAE was active at subnanomolar concentrations demonstrating dose-dependent cytotoxic effects in six T-ALL cell lines (IC5, = 0.2 - 1 nM). * p<0.05 CD7-DE-vcMMAE vs. has antigen specific direct cytotoxic activity against CIR . A significant number of apoptotic CD7-.negati\./e TALL cells (CD7Kb-
presence or absence of effector cells at an antibody concentration of 6.67 nM. €) Phagocytosis of pHrodo- CD7-DE B) Linear correlation between the CD7 Specific Antibody Binding Capacity (SABC) of the depicted cell lines and the maximal inhibition of the cell viability in percent after T-ALL cell lines by cell cycle arrest and apoptosis e Tt T W CEM detected onlv | " h CD7-bosii s (CEM
labelled T-ALL cell lines was measured for 6h by live cell imaging as relative red object counts per image in CD7-DE-veMMAE treatment induction. hypotonic Pl > ), were detecied only In co-cufiure wi -positive cells ( ),
percent (%) representing phagocytosed cells. * p<0.05 CD7-DE-vcMMAE, -DE, -wt vs. 4D5-DE ' but not in single culture.

In Vivo Anti-Tumor Efficacy of CD7-DE-vcMMAE in Xenograft Models of T-ALL

Summary and Conclusion
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