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METHODS

Although anti-HER2 monoclonal antibodies (e.g., trastuzumab) are currently recognized as effective 
therapeutics in patients with HER2-overexpressing tumors, a significant number of patients demonstrate 
resistance to this treatment. Genetic modification of NK cells to express a HER2-specific chimeric antigen 
receptor (CAR) is likely a better therapeutic approach against HER2-positive solid tumors. SNK02 is a highly 
scalable, off-the-shelf allogeneic NK cell product in clinical development with high purity, cytotoxicity, and 
tumor site migration potential. In this study, we aimed to develop allogeneic anti-HER2-CAR NK cells (CAR-
SNK02) using the SNK02 manufacturing platform and to test their antitumor activity against HER2-expressing 
cancers.

RESULTS

HER2-specific highly scalable CAR NK cell (anti-HER2-CAR SNK02) exhibits a significantly enhanced antitumor activity 
against HER2-expressing tumors as an off-the-shelf allogeneic immune cell therapy.
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The CAR-SNK02 cells were generated by ex vivo feeder-stimulated expansion of peripheral blood NK cells 
along with transduction of retrovirus expressing anti-HER2 CAR and membrane-bound IL-15 using the SNK02 
manufacturing platform. The CAR-SNK02 cells were tested for their CAR expression, cytotoxicity, 
degranulation, cytokine production, and stability of cryopreserved form as well as for their antitumor activity in 
a xenograft mouse model of cancer in response to HER2-positive cancer cells. 

Figure 1. The production scheme of allogeneic CAR-SNK02.

PROCESS 1 Day 14Day 0 

Working Cell BankPROCESS 2

PROCESS 3

Thawing

Stage 1

Day 17/18
(45-46)Day 0

Cryopreserved Final Product 
CAR-SNK02

Cryopreservation

Day 14 (28)Day 0 

Whole blood from healthy donor

Donor Eligibility Test

Stage 2

Transduction Anti-Her2 scFv

Le
ad

er

H
in

ge

TM P2
A mbIL-15

Figure 3. Comparison of cytotoxic activity between non- and CAR-transduced NK cells against HER2-positive cancer cells. Short-term 
cytotoxicity (2hr, A) and long-term tumor suppressive activity (96hr, B) of non-transduced (NK) and CAR-transduced (CAR NK) NK cells against SK-OV-3 
or SK-BR-3 were assessed. Significant statistical difference from cytotoxicity of non-transduced NK was shown at each E:T ratio (*p<0.05, **p<0.01, and 
***p<0.005).

Figure 4. Comparison of cytotoxicity and the level of degranulation between CAR-transduced NK cells and NK cells treated with trastuzumab in 
response to HER2-positive ovarian cancer cells (A-C) and breast cancer cells (D-F). Statistical significance was denoted as n.s. (not significant), 
#/+/*p<0.05 (#: CAR NK vs. NK, +: NK + trastuzumab vs. NK, *: CAR NK vs. NK), ##/++/**p<0.01, and ###/+++/***p<0.005. 

Figure 5. Viability, CAR expression level, and functional activity of CAR-transduced NK cells after 
cryopreservation.  (A-B) Viability and CAR expression level of non-transduced (NK) and CAR-transduced (CAR NK) 
NK cells before freezing and after thawing. (C) Cytotoxic activity of fresh (Before freezing) and cryopreserved (After 
thawing) NK cells against HER2-positive SK-OV-3 cells for 2 hours. Significant statistical difference from cytotoxicity 
of non-transduced NK was shown at each E:T ratio (*p<0.05, **p<0.01, and ***p<0.005). (D) Expression levels of 
IFN-γ and TNF-α in CAR-NK cells in response to SK-OV-3 cells.

Figure 6. In vivo cytotoxic activity of CAR-SNK02 cells in a gastric cancer xenograft model. (A) Experimental 
outline for the animal study. Three groups of NSG mice (5 mice per group) received s.c. injection of NCI-N87-Luc 
cancer cells (Day 0), followed by i.v. injection of PBS, SNK02 cells, or CAR SNK02 cells, as indicated. (B) 
Quantification of the tumor size on the indicated day. All results are mean ± SEM. Statistical significance was 
indicated by *<0.05, *<0.01, and ***p<0.005 from CAR SNK02. (C) Bioluminescent intensity in region of interest (ROI) 
at D+31 post-tumor inoculation. (D) Representative flow cytometry staining profiles of  hCD45 gating on live cells 
(upper panel) and hCD56 gating on hCD45+ cells (lower panel) of mice blood infused with SNK02 or CAR SNK02 
cells.
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Figure 2. Characteristics of HER2 CAR-transduced NK cells 
generated in the SNK02 manufacturing platform. (A) 
Population doubling level (PDL; 2n)) of non- or CAR-transduced 
NK cells during the entire manufacturing period.  (B) The 
expression level of the CAR was assessed using flow cytometry 
at indicated day(D)s during a 45-day culture period. (C) 
Phenotypic comparison of non- and CAR-transduced NK cells. 
(D-E) Functional activity of co-expressed mbIL-15 in CAR NK 
cells was evaluated by comparing cell recovery and viability of 
non- and CAR-transduced NK cells after their additional culture 
of 14 days in IL-2-depleted conditions. 
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CONCLUSIONS

• The CAR-SNK02 cells underwent a billion-fold expansion over a 45/46-day culture period, 
while maintaining persistent expressions of the CAR and functional IL-15, without 
phenotypic change of NK cells receptors in compared to non-transduced SNK02. 

• The expanded CAR-SNK02 cells exhibited potent in vitro cytotoxic and degranulation 
activities in response to HER2-positive cancer cells. In addition, superior in vivo 
cytotoxicity of CAR-SNK02 cells was observed in a xenograft model of gastric cancer. 

• Importantly, they effectively eliminated cancer cells with low HER2 expression levels, 
surpassing limitations of trastuzumab-induced antibody-dependent cellular cytotoxicity 
(ADCC) of NK cells. 

• High expandability of the CAR-SNK02 cells, coupled with their enhanced antitumor 
activity against HER2-expressing cancer cells, highlights their promising potential as an 
off-the-shelf immune cell therapy.

0

5

10

15

20
NK CAR NK

NK CAR NK

Fresh Thawing

%
 o

f c
yt

ok
in

e 
ex

pr
es

sio
n IFN-γ TNF-α

0

20

40

60

80

100

10:1 5:1 2.5:1 1.25:1 0.63:1 0.3:1

%
 o

f c
yt

ot
ox

ic
ity

Before freezing

NK CAR NK***
***

***
***

*

*

0

20

40

60

10:1 5:1 2.5:1 1.25:1 0.63:1 0.3:1

%
 o

f c
yt

ot
ox

ic
ity

After thawing

NK CAR-NK***

***
*

*
*

*

C D

0

80

160

240

320

400

D+0 D+4 D+7 D+11 D+16 D+23 D+28 D+30

Tu
m

or
 si

e 
(m

m
3 )

Day

Control

SNK02(10^7)

CAR-SNK02 (10^7)

NK or 
CAR NK

5.0x108

1.5x109

2.0x109

1.0x109

0.0

After treatment (D+31)

Bi
ol

um
in

es
ce

nc
e

(P
ho

to
ns

/s
ec

)

Control
SNK02(10^7)
CAR-NK02 (10^7)

C

SNK02 or CAR-NK (1.0 X 107, I.V.) NCI-N87_luc
(5 x 106, S.C.)

0 7 14 21

4 16 23 28

Tumor size measurement

11 30

IVIS

24 31

A

B

Flowcytometry

   

BV510 -A

CD45+

-10 2 0 10 2 10 3 10 4 10 5

0

50

100

150

200

250

   

BV510 -A

CD45+

-10 2 0 10 2 10 3 10 4 10 5

0

50

100

150

200

250

   

FITC -A

P3

-10 2 0 10 2 10 3 10 4 10 5

-10 2

0

10 2

10 3

10 4

10 5

   

FITC -A

P3

-10 2 0 10 2 10 3 10 4 10 5

-10 2

0

10 2

10 3

10 4

10 5

SS
C

CD45

CD
45

CD56

SNK02 CAR SNK02D

*

**

***

*

*

0

20

40

60

80

100

10:1 5:1 2.5:1 1.25:10.63:1 0.3:1

%
 o

f c
yt

ot
ox

ic
ity

NK CAR NK

0

20

40

60

80

100

10:1 5:1 2.5:1 1.25:10.63:1 0.3:1

%
 o

f c
yt

ot
ox

ic
ity

NK CAR NK

0

20

40

60

80

100

10:1 5:1 2.5:1 1.25:10.63:1 0.3:1

%
 o

f c
yt

ot
ox

ic
ity

NK CAR NK

0

20

40

60

80

100

10:1 5:1 2.5:1 1.25:10.63:1 0.3:1

%
 o

f c
yt

ot
ox

ic
ity

NK CAR NK

0

20

40

60

80

100

120

10:1 5:1 2.5:1 1.25:10.63:1 0.3:1

%
 o

f c
yt

ot
ox

ic
ity

NK CAR NK

0

20

40

60

80

100

120

10:1 5:1 2.5:1 1.25:10.63:1 0.3:1

%
 o

f c
yt

ot
ox

ic
ity

NK CAR NK

A : Short-term cytotoxicity

** ***
***

**
* *

*** ***
**

**
*

*** ***

***
***

*
*

*** ***
***

***
***

***

*** ***
***

**

**

*
*

*

***
*

Pr
oc

es
s 1

 (D
17

)

SK-BR3

St
ag

e 
1 

(D
31

)
St

ag
e 

 2
 (D

45
)

SK-OV-3

B : Long-term cytotoxicity

SK-BR3SK-OV-3

0

20

40

60

80

100

120

4:1 2:1 1:1 0.5:1 0.25:10.12:1

%
 o

f c
yt

ot
ox

ic
ity

NK CAR NK

0

20

40

60

80

100

120

4:1 2:1 1:1 0.5:1 0.25:10.12:1

%
 o

f c
yt

ot
ox

ic
ity

NK CAR NK

0

20

40

60

80

100

120

4:1 2:1 1:1 0.5:1 0.25:10.12:1

%
 o

f c
yt

ot
ox

ic
ity

NK CAR NK

0

20

40

60

80

100

120

4:1 2:1 1:1 0.5:1 0.25:10.12:1

%
 o

f c
yt

ot
ox

ic
ity

NK CAR NK

0

20

40

60

80

100

120

4:1 2:1 1:1 0.5:1 0.25:10.12:1

%
 o

f c
yt

ot
ox

ic
ity

NK CAR NK

0

20

40

60

80

100

120

4:1 2:1 1:1 0.5:1 0.25:1 0.12:1

%
 o

f c
yt

ot
ox

ic
ity

NK CAR NK

*** ***
***

***
***

***

*** *** *** ** ***
***

** ***
***

***
***

***

** **
***

**

***

* ***
***

***

***

*

* *
*

***

*

*

A B

0

20

40

60

80

100

120

Before
freezing

After
thawing

%
 o

f v
ia

bi
lit

y

NK CAR-NK

0

40

80

120

S2 D10 S2 D14 S2 D17 Thawing

%
 o

f C
AR

 e
xp

re
ss

io
n

NK CAR NK

82.74 → 80.76

(Continued)

NK : 1.07 x 109 fold
CAR NK : 9.45 x 108 fold

Presenter Notes
Presentation Notes
Pd로 치료 완료로 쳐야함?
Initially, 3 patients were allocated to receive Pembrolizumab every three weeks + weekly infusions of SNK01 for 6 weeks at 2 x 109 cells/dose 
If there were no dose-limiting toxicity (DLT) during 3 weeks of SNK01 infusion in the patients, 6 more patients are randomized 1:1 to receive Pembrolizumab + weekly infusions of SNK01 for 6 weeks at 4 x 109 cells/dose, or pembrolizumab alone
If there were no DLT during 3 weeks of SNK01 infusion at 4 x 109 cells/dose in the patients, 6 more patients are randomized same as above to confirm the maximum tolerated dose (MTD) of SNK01
If 4 x 109 cells/dose were confirmed as MTD, 3 more patients are recruited to receive Pembrolizumab + weekly infusions of SNK01 for 6 weeks at 2 x 109 cells/dose to compare efficacy
** baseline characteristics를 용량별로 분석할 필요는 없겠지?? Dose-response relationship 기대??
-> OS는 cohort 0 vs.2 차이 있긴 했는데 어차피 이렇게 안나눠도 차이는 있음. PFS는 이렇게 나누면 차이없게 나옴.
Previous lines of chemotherapy에 유의한 차이가 있음?ㅠ
PD-L1 TPS에 따라서도 분석해야 함!!★->ORR 차이없음, PFS, OS도 차이 없음
Toxicity 표는 그려야 할듯?->AE 여기 있는게 다인지 문의★
실제로는 중간에 PD된 놈들이 많아서 6회가 다 들어간 놈들이 별로 없다.
Random이 되었는데, cohort 1이 문제인건지?
ITT or PP?★ Baseline 표는 ITT로 그려짐 -> 다시 그릴지? QOL도 다시 해야함
Last f.u date를 넣어달라!!
Survival graph도 넣어서 추가함
이름 어떤식으로 넣을지도 물어봐야함!★
Pneumonia가 pembro와 관련 있다고 판단함? ★아마 관련 있는것 같은데 나온 균은 없고 열도 안났고..steroid 씀. cT상에서는 parapeumonic같다고 판독 줌. Pembro에 Not related로 보고됨..->이 환자 상의 ★
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