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• CNS lymphatics
– CNS is often described as an immune-

privileged organ

– with the consensus that since the brain 
does not contain lymphatic vessels

– a functional connection from the CNS to 
the cervical lymph nodes using tracers in 
animal studies and cadaver

Uniqueness of Brain TME (I)



Uniqueness of Brain TME (II)

• Antigen Presenting Cells (APCs)

– Brain parenchyma is continuously 

surveyed by its only resident leukocyte. 

‘microglia’

– their capacity as APC remains in 

question, do not appear capable of 

migrating from the parenchyma to the 

vascular system for the induction of an 

adaptive immune response

– but express MHCII in inflammatory 

conditions such as multiple sclerosis, 

viral infection and Alzheimer

– dendritic cells (DCs) normally serve as 

phagocytes, but once activated, process 

the antigen and carry it to lymph nodes 

where they function as potent APCs

– Meningeal DCs are surveil material crossing 

the blood-CSF barrier or BBB

– Although migratory DCs, monocytes, and 

resident DCs rotate through most tissues, 

there is less evidence for the turnover of this 

population in the CNS; Ag reaches LN w/o 

inflammation may be utilized to maintain 

self-tolerance

Anatomical (O)

Functional (?)



In this study, we successfully characterized the specialized morphologic

features of basal mLVs in distinct locations by careful dissectionof the skull base in mice



Immune-check point PD-1/PD-L1

“CNS is no more an immune privilege site, but 

Gliomas actively escape from adaptive cytotoxic immunity”



Check mate 143

PD-L1 expression 

from initial GBM

Safety of Nivo add-on 

to GBM CCRT

Newly diagnosed GBM MGMT

TMZ CCRT vs. Nivo + RTunmet

met TMZ CCRT w/ or w/o Nivo

Phase I/II on-going



WTiNT Cell 

infusion

D-05 1g/m2 cyclophosphamide

D-04 20mg/m2 fludarabine

Figure 3. Schematic diagram depicting WT-1 adoptive immune cell therapy.

Screening with WT-1 on –D21~28

WT1-specific CD8+ T cell (WT1-iNT) 

adoptive cell therapy (ACT)



<study flow>
lymphodepletion

• Decrease both 

‘cytokine sinks’ 

and Treg
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Adaptive immunity

Glioma heterogeneity

WT1-052



1st. Jun, 2009

Oilgodendroglioma
(WHO G2)

2nd. Dec, 2011

Anaplastic ODG
(WHO G3)

3rd. Sep, 2016

Anaplastic ODG
(WHO G3)

1p19p-codel
IDH1-mt



Radiation therapy 5,400 cGy after 1st craniotomy

Proton beam therapy 4,000 cGy after 3rd craniotomy



• Radiologist: R/O recur >> RT change, the 

lesion is too small for perfusion MRI

• Multi-disciplinary BT board recommend 1) 

excisional biopsy

2) WT-1 ACT

• Patient’s KPS = 90

• Her refused any further surgery but accept 

phase 1 WT-1 ACT

(2019-07-10) just finished 24th TMZ, 7.8 yrs after the 1st recurrence, 10 yrs after the 1st op
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Figure 4. Tumor response and CD8+ T-cell kinetics following Wilms tumor 1 adoptive immune cell therapy. Chronological

changes in the medial frontal tumor mass size and peripheral CD8+ T-cell concentration. The transient increase in tumor

size at day 28, likely due to ‘pseudo-progression,’ eventually decreased, leading to complete remission at day 420.

Complete remission was maintained for up to 5.7 years post-treatment.

D420

2019-07-10
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Figure 5. Kinetics of immune subsets in patient’s blood. Heparinized bloods were collected at indicated days. Peripheral blood

monocytes (PBMC) were isolated by Ficoll-gradient centrifugation, stained with specific mAbs and analyzed by FACSCalibur

(BD Science). (A) Absolute numbers of PBMCs at the indicated days, (B) Percentages of CD4+ T, CD8+ T and CD14+ monocytes

in PBMCs, (C) Absolute numbers of CD8+ T cells, (D) Percentages of CD3+ T, CD56+ NK, CD19+ B and CD127+CD25+CD4+
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Figure 6. Cytokine profile of PBMCs. PBMCs were isolated by Ficoll-gradient centrifugation from heparinized bloods of patient

at indicated days. PBMC were plated in 48 well culture plate (5105 cells/1ml/well) and stimulated with PMA + ionomycin (P/I)

or 4 different WT1 peptides that used to produce WT1-specific CD8+ T cells for 48 hr. Cytokines in culture supernatant were

measured with Th1/2/17 CBA kit (BD Bioscience).



183 days after 
intraventricular 
CAR-T infusion 
(1x106/cycle)

Intracavitary CAR-T infusion achieved 
local control but distant progression





Things to be discussed

• Biomarker of IL-13a
- H-score; impact (1~3) * % (area)

- Serum/ CSF marker (?)

- CSF is in direct contact with tumor

- LC-MS/ proteomics is possible

- Simple flow cytometric analysis is hard 
to obtain

• Drug delivery route
- Intracavitary delivery after resection or 

intraventricular delivery for distant 
lesion in a City of Hope case; 
leptomeningeal >> parenchymal

- Intravenous: need a PET study to 
prove drug delivery

• Phase 1 of ‘3+3’ design
- Allow repeated injection (dose 

escalation)

- SOP for SAE (i.e. cytokine storm)

• Intravenous route는 회사가 선호

• Lymphodepletion은 PI가 기피

• 근데 일단 전임상 data를 좀 봅시다. 가능하면 

publication하여 공증(?)합시다

• Tumor archive에서 IHC로 expression을 확인해봅시다



SRP assay 
(binding affinity)

TMA
(commercially available human tissue)

Interleukin-13 receptor a2 protein is not expressed after 

thymus modulated suppression except testis

Cancer-germline antigens shared expression 

in both normal gametogenic cells and 

human cancer
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“We have identified anti-CD19 CAR T cells in the CSF, 

confirming the ability of these cells to cross the BBB…”



임상시험 제목

표준요법에 불응한 또는 재발성 악성 뇌교종 환자를 대상으로 IL13Rα2 특이적 Chimeric Antigen Receptor-T 
Cell (CAR-T) YYB-103의 안전성 및 내약성을 평가하기 위한 단일기관, 단일군, 공개, 제 1상 임상시험

A Single-center, Single-arm, Open-Label Phase 1 Clinical Trial to Assess the Safety and Tolerability of YYB-103, IL13Rα2 
Targeted Chimeric Antigen Receptor-T Cell (CAR-T) in Treating Patients with Refractory or Recurrent Malignant Glioma 

임상시험 기간 Enroll기준 2022-11-02 ~ 2024-05-07 (1년 6개월)

3 + 3 design 시험대상자 수

1단계 (1.0x107 cells/kg) 3 + 1명

2단계 (3.0x107 cells/kg) 3명

3단계 (1.0x108 cells/kg) 3명

< Protocol schema>



Content of this presentation is copyright and responsibility of the author. Permission is required for re-use.

Screened

(signed consent)

(n=39)

Enrolled / Treated

(n=10)

Cohort 1

(1.0x107 cells/kg)

(n=3+1)

Cohort 2

(3.0x107 cells/kg)

(n=3)

Cohort 3

(1.0x108 cells/kg)

(n=3)

Excluded
• IHC (-) for IL13Ra2 (n=13)

• Exclusion criteria (n=11)

• Withdrawal of consent by the subject (n=5)

• Fresh (not frozen) CAR-T

• IP intravenous injection (100 mL, over 1h at RT)

U87 : 10000 cell

CAR-T : 5000 cellcontrol CAR-T 

cell

< Patients flow in trial>



1차 선정기준 (Screening Criteria,방문 1, D-19)
: 아래의 모든 조건에 부합되는 대상자에 한해 이 시점에서 IHC 및 PBMC를 포함한 검진 및 검사를 실시

1. 본 임상시험 참여에 자발적으로 서면동의한 자

2. 만 19세 이상 만 75세 미만의 남녀

3. 조직학적으로 혹은 세포학적으로 확인된 진행성 악성 뇌교종 환자(WHO 기준에 따라 Grade Ⅲ 또는 Ⅳ)

로 각 단계별 표준치료에 해당하는 치료를 받았음에도 불구하고 불응 또는 재발(미국신경종양학회

(Society for Neuro-Oncology)에서 정의한 Response Assessment for Neuro-Oncology(RANO) criteria for high

grade gliomas를 기준으로 “Progression Disease(PD)’에 해당하는 경우) 을 확인할 수 있는 조직학적 및/또

는 영상학적 자료가 있는 자

4. 일상수행능력 척도 Kamofsky Performance Status (KPS) Scale이 60이상인 자

5. 시험자 판단에 따른 대상자의 남은 기대 수명이 최소 12주 이상으로 예상되는 자

Inclusion criteria

Immunohistochemistry of primary tumor > 1/ 300



0

50

100

150

200

250

300

1 2 3 4 5 6 7 8 9 10 11

H-scroe (enrolled cases)

• IHC (-) = 13/36 (34%) 

• Median = 6/300 (range 0-80)
• Median = 35/300 (range 6-80)
• Mean = 39.1

0

50

100

150

200

250

300

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

H-score (screening)

IL13Ra2 screening

• Screening entry (n=39) => 3 failure (histology, 

PMHx and withdrawal)

• IHC (n=36) => IHC (-) exclusion (n=13) = 23

=> other exclusion criteria (+) (n=13)



5. 이전의 치료이력의 차수와 상관 없이 다음의 치료 조건을 만족하는 자

- 최종 진행된 방사선 치료 완료 후 최소 12주가 지난 자

- 상기 언급되지 않은 기타 세포 독성 요법 : 최소 3주가 경과된 자 

- 비세포독성제(예, 인터페론, 타목시펜 등) : 최소 1주가 경과된 자

- 이전 치료로 인해 발생하는 독성 및 이상반응(탈모 및 백반증은 제외)이 모두 치료가 완료된 자

1. 스크리닝 시점에 확보된 영상학적 검사에서 뇌실의 파종성 전이(ventricular seeding), 척수 내 전이(spinal drop metastasis), 연

수막 전이(leptomeningeal metastasis)가 진단된 자

2. 면역 결핍,자가 면역질환 또는 염증성 질환의 소견이 있는 자

3. 다음을 포함한 유의한 활성 심장 혈관 질환을 가진 자

- 조절되지 않는 고혈압 (SBP > 180mmHg 또는 DBP > 110mmHg), 불안정형 협심증, 폐색전증, 뇌혈관 질환, 판막증, 심부전, 혹은 

지난 6개월 이내에 발생한 심근 경색 또는 중대한 심장성 부정맥

4. 스크리닝 기준 5년 이내 임상시험 대상질환 이외의 악성종양의 기왕력이 있는 자 (적절히 치료된 자궁경부, 상피내암, 기저 

또는 편평세포 피부암, 국소 전립선암, 유방관 상피내암 등)의 경우 스크리닝 기준 3년 이내)

Exclusion criteria

High dose dexamethasone > 6 mg/ day



Baseline patients characteristics
 

  

Cohort 1 

(1.0x10
7

 cells/kg) 

(n=4) 

Cohort 2 

(3.0x10
7

 cells/kg) 

(n=3) 

Cohort 3 

(1.0x10
8

 cells/kg) 

(n=3) 

Total 

(n=10) 

Age (years old)     

Median 54.0 (49.0-60.0) 45.0 (39.0-55.0) 47.0 (42.0-48.0) 48.5 (39.0-60.0) 

Sex, n(%)     

Male 3 2 2 7 (70) 

Female 1 1 1 3 (30) 

KPS at baseline,     

Median (range) 65 (50-70) 70 (60-80) 80 (60-90) 70 (50-90) 

WHO grade      

3 1 0 0 1(10) 

4 3 3 3 9(90) 

IL13Rα2 H-score     

Median (range) 70 (10-80) 30 (6-40) 20 (15-50) 35 (6-80) 

Multifocal 1 2 1 4 (40) 

aTumor size     

Median (range) 1353 (560-2925) 45 (40-682) 2556 (180-4284) 903 (40-4284) 

Recurrence     

   First 1 1 1 3 (30) 

   Second 1 1 - 2 (20) 

   Third or more 2 1 2 5 (50) 

Steroid use as 

baseline 
3 1 1 6 (50) 

Prior Temozolomide 4 3 3 10 (100) 

Prior Bevacizumab 2 3 1 6 (60) 

*Sum of product of perpendicular diameter 

(refer to RANO 2.0)

*Max tumor d = mean 3.4 cm



Supplementary table 3. Release criteria and selected batch attributes of YYB-103 products administered to each patient

Test parameter Release criteria A1-01 A1-02 A1-03 A1-04 A2-01 A2-02 A2-03 A3-01 A3-02 A3-03

Dose level (cells/kg)

N/A

1 × 10^7 / Kg 1 × 10^7 / Kg 1 × 10^7 / Kg 1 × 10^7 / Kg 3 × 10^7 / Kg 3 × 10^7 / Kg 3 × 10^7 / Kg 1 × 10^8 / Kg 1 × 10^8 / Kg 1 × 10^8 / Kg

Infused cell number 

(Total viable cells)
6.7 × 10^8 5.4 × 10^8 5.6 × 10^8 7.8 × 10^8 1.6 × 10^9 2.6 × 10^9 2.9 × 10^9 7.3 × 10^9 5.2 × 10^9 7.8 × 10^9

Infused CAR⁺ cells 4.0 × 10^8 1.7 × 10^8 2.1 × 10^8 3.0 × 10^8 1.5 × 10^9 0.9 × 10^9 1.2 × 10^9 2.8 × 10^9 3.7 × 10^9 4.0 × 10^9

Cell viability (%) > 75% 94 96 95 96 97 97 97 95 96 95

CD3+ (%) > 95% 98 100 99 99 99 99 100 100 100 99

CAR⁺ cells (%) > 10% 59 31 38 39 93 36 42 39 72 51

Relative cytotoxicity (%) > 25% 42.7 30.0 42.6 25.9 30.3 58.7 63.4 56.7 36.4 30.8 

Vector copy number

(copies/cell)
< 4 copies/cell 1.9 1.2 1.3 1.0 3.0 1.1 1.2 3.0 3.8 3.2 

Growth curve
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Supplementary table 4. Immunophenotypic composition of YYB-103 products administered to each patient

Patient CD3+ (%) CD4+ (%) CD8+ (%)
B cell (%)

(CD3-CD20+)

NKT cell (%)

(CD3+CD56+)

PD1 (%)

(CD3+PD1+)

TIM3 (%)

(CD3+TIM3+)

LAG3 (%)

(CD3+LAG3+)

Naïve T cells (%)

(CD45RA+CCR7+)

Tcm (%)

(CD45RA-CCR7+) 

Tem (%)

(CD45RA-CCR7-)

Temra (%)

(CD45RA+CCR7-)

A1-01 98 6.3 86.0 0.0 28.5 0.3 15.2 20.0 5.0 10.1 55.3 29.6 

A1-02 100 12.1 83.4 0.0 18.0 0.1 23.9 12.2 7.8 11.0 31.3 49.8 

A1-03 99 21.1 75.5 0.0 28.6 0.9 45.1 20.6 2.1 1.3 55.2 41.4 

A1-04 99 23.4 73.5 0.0 23.0 0.5 33.4 19.3 1.3 3.5 63.9 31.3 

A2-01 99 3.6 93.2 0.0 47.3 0.2 46.1 16.3 1.2 2.3 75.2 21.3 

A2-02 99 23.6 72.5 0.0 25.7 0.2 21.2 22.3 0.5 3.4 80.6 15.4 

A2-03 100 11.5 79.3 0.0 24.9 0.1 11.3 35.0 0.0 0.1 86.0 13.9 

A3-01 100 4.4 89.6 0.0 39.2 0.0 15.1 24.5 0.3 2.6 89.4 7.7 

A3-02 100 31.7 64.2 0.0 26.9 0.2 39.4 34.9 0.1 0.3 77.7 21.9 

A3-03 99 22 73.4 0.0 24.7 0.2 12.2 13.4 0.3 0.7 63.0 35.9 

Median 99 16.6 77.4 0 26.3 0.2 22.55 20.3 0.85 2.45 69.55 25.75

Min 98 3.6 64.2 0 18 0 11.3 12.2 0 0.1 31.3 7.7

Max 100 31.7 93.2 0 47.3 0.9 46.1 35 7.8 11 89.4 49.8
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Treatment related Adverse events

• No DLT (≤ G3, CTCAE v 4.0)

- Pneumonia, unrelated

• No ICANS

• CRS

- Pyrexia G3 (all cohort 3)

- AST/LT elevation G3 (n=1)

Cohort 1 

(n = 4)

Cohort 2

(n = 3)

Cohort 3 

(n = 3)

Total

(n = 10)

Investigations (grade)

AST/LT increased 2 (1, 3) 2 (1, 1) 3 (1, 1, 1) 7 (6 of 1, 3)

Thrombocytopenia - 2 (1, 2) 2 (1, 1) 4 (3 of 1, 2)

Creatinine elevation 1 (1) 1 (1)

Fever 2 (1, a2) 3 (1, 1, 2) 3 (1, 2, 2) 8 (4 of 1, 4 of 2)

Nervous system disorders (grade)

Headache 1(1) 2 (1, 1) 3 (3 of 1)

*Muscle weakness left-sided 1 (2) 1 (2)

*Seizure 1 (1) 1 (2) 1 (1) 3 (2 of 1, 3)

Gastrointestinal disorders (grade)

Constipation 2 (1, 2) 2 (1, 2)

Diarrhea 1 (1) 1

Musculoskeletal and connective tissue disorders (grade)

Joint range of motion 

decreased

1 (1) 1 (1)

Myalgia 1 (2) 1 (2)

Others (grade)

*Hypertension 1 (3) 1 (3)

*Blurred vision 1 (2) 1

Hiccups 1 (2)



Transient lymphopenia
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1st case Known Anaplastic ODG 

=> RT w/o resection (2011년 2월~ 4월) 27회 

    => 2011-06-29~10-12 TMZ 

=> PD로 CK radiosurgery(2018-01-24) 

=> s/p BEV # 10 cycles (2018-03-07~2020-02-03) 

=> 2021-07-26 resection on progression: Bx Anaplastic ODG 

2021-07-25

Craniotomy

Bx: AODG

2022-08-29 2022-11-03 (D-1)

PCV#6

Screening
& IP prep.

KPS 70 -> 60 

(fall down, 

skull fracture)

YYB-103 CAR-T

(1.0x107 cells/kg)

2022-12-02 (D28)Patient still stable 

but new lesion

D84

KPS 60 -> 70 

(walk alone)

D238



Tumor response (RANO 2.0)

Best response; SD at 3 mos (3/6)



median PFS = 2.63 (0.95 - NA) median OS = 10.87 (8.21 - NA)

<Stratification according to H-score>



A2-01
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Peak fold change vs Baseline tumor size
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Pre-treatment Post-treatment

Ag depletion

D158 => PD
D-1 D84; SDD28

D392 => craniotomy & removal



Phase I trial of an IL13Rα2-targeted CAR-T 

cell therapy for recurrent malignant glioma

clinical results and pharmacokinetics

Ho-Shin Gwak1,4*, Seong-Won Song2 , 

Kiwan Kim2, Nayoung Han3, Heon Yoo4



IL13Ra2 CAR-T Biomarker- IHC

Problem

• IL13Ra2 (+) is very low in NSCLC, breast ca.

- Primary ca. IHC result (H-score)

- NSLCL = 0/64, Breast ca. = 2/184

• IL13Ra2 (+) in  BM 

RNA seq
- Read 값이 0 이상인 

sample 138/ 164 (84%)

- Range; 106~1.9x103*

Need a biopsy of recurrent tumor?

Trial include recurrent/ 

metastatic tumor

vs.

IHC from primary tissue



등록번호 성별 나이

조직-바이오뱅크 번

호 원발장기 IL13RA2 Data ID

CSF 샘플

확보 원발암 병리번호 블럭번호 intensity proportion 

33177455 M 74 201201201110 skin 0.001859 Brain_M_137.gene melanoma S 04-0000753 2 2 5%

33184723 F 59 201801200763 Lung 0.001003 Brain_M_168.gene NSCLC, ADC S 04-0006503 단 2 <1%

33138366 F 46 201101200608 Lung 0.000626 Brain_M_105.gene NSCLC, NEC S 04-0014476 1 0 0

33145040 M 73 201201200299 Lung 0.000503 Brain_M_126.gene NSCLC, ADC S 10-0015268 4 1 10%

33274549 M 56 201801200795 Lung 0.000369 Brain_M_169.gene NSCLC, ADC S 11-0012328 1 2 20%

30469871 M 55 200401200078 Lung 0.000289 Brain_M_034.gene NSCLC, SCC S 11-0014115 1 2 100%

31588559 M 44 201001200180 Kidney 0.000143 Brain_M_083.gene Renal cell ca. S 12-0005315 1 0 0

33376011 M 62 201901201294 Lung 0.000106 Brain_M_194.gene LCNE S 12-0026813 4 1 20%

30548471 M 60 200401200679 Lung 0.000104 Brain_M_049.gene NSCLC, ADC S 14-0004420 0 0

33339378 F 84 201801201038 Lung 8.50E-05 Brain_M_171.gene NSCLC, ADC S 18-0014905 2 1 5%

33382623 F 60 202001200238 Ovary 7.20E-05 Brain_M_201.gene Ovarian ca. S 18-0015515 1 1 3%

33213923 F 60 201401200189 Kidney 7.10E-05 Brain_M_144.gene Renal cell ca. S 18-0020211 1 0 0

33114808 F 52 201001200987 Lung 6.70E-05 Brain_M_092.gene NSCLC, SCC S 19-0027679 3 1 5%

30171833 M 63 200401201452 Lung 5.00E-05 Brain_M_066.gene NSCLC, ADC S 20-0003008 1 1 <1%

33271254 F 49 201901200265 Ovary 2.30E-05 Brain_M_177.gene (+) Ovarian ca. S 14-0019767 2 0 0

33149915 F 49 201401200778 Breast 1.60E-05 Brain_M_151.gene (+) Breast ca. S 17-0009458 1 0 0

33182395 F 44 202001201023 Breast 1.50E-05 Brain_M_220.gene (+) Breast ca. S 19-0012136 단 0 0

33356439 F 39 201901200253 Breast 9.00E-06 Brain_M_176.gene (+) Breast ca. S 19-0020892 1 0 0

33278010 F 50 201701200307 Breast 9.00E-06 Brain_M_160.gene (+) Breast ca. S 19-0029677 4 0 0

33151878 F 45 201901200445 Breast 8.00E-06 Brain_M_182.gene (+) Breast ca. S 20-0008508 3 0 0

33323556 F 64 201901201387 Breast 5.00E-06 Brain_M_196.gene (+) Breast ca. S 20-0015458 1 0 0

33411205 M 58 202101200004 Lung 5.00E-06 Brain_M_232.gene (+) NSCLC, ADC S 21-0000011 단 0 0

33331407 F 47 201901201258 Breast 3.00E-06 Brain_M_193.gene (+) Breast ca. S 21-0003610 1 0 0

33332215 M 75 201901200466 Rectum 3.00E-06 Brain_M_181.gene (+) Rectal ca. S 21-0015387 1 0 0

paraffin embedded formalin fixed조직에서

노란색:BM RNA seq에서 read값 높았던 순위 14명 중 10명 IHC (+) 이고 잠정 threshold level 5.00E-05

흰색: BM RNA seq에서 read값 평균이상, 이후 LM 발생, CSF(+) 10명은 모두 negative

CSF available sample < IL13Ra2 expression level 105



IL13Ra2 expression from CSF

촉진 요소

장애 요소

• LC-MS/MS detect cleaved extracellular portion

• CSF & CM RT-PCR has failed
• CSF & CM WB has failed but

• CSF & CM ELISA has failed



Intra-CSF delivery of CAR-T

Intracavitary CAR-T infusion achieved 
local control but distant progression

Intraventricular

(ICV)

ICV + 

intratumoral (ICT)



No evidence of CAR-T persistence 

despite remained tumor



• Continuous cancer-immune cycle
– Tumor infiltration of CAR-T cells were proved with post-treatment Ag clearance 

(+) => immune escape (?) reports of CD19-negative escape variants in the setting of 
ALL CAR-T

• Immunosuppressive TME
– T-cell infiltration but Tregs with enhancement of several immune suppressive 

pathways, including PD-L1, IDO1, and IL10

– Hypoxia & acidosis

Discussion Ag depletion





CAR-T modification Ag engineering

• Engineering CAR constructs that target

multiple antigens simultaneously to mitigate 

tumor heterogeneity

• OR gate & AND-like effect

….Reductions in both tumor magnetic resonance

imaging contrast enhancement and size were observed 

within 48 hours in all patients………

also linked to both tumor inflammation–associated 

neurotoxicity and immune effector cell–associated 

neurotoxicity syndrome (ICANS) across all evaluate 



CAR-T modification CARv3-TEAM-E

“T-cell–engaging antibody molecule” (TEAM)



TME of Brain

Non-canonical

Ag-independent

LM drives the CSF cellular composition 

to myeloid-rich pleocytosis

Suppressive TME



1. Safety of intravenously injected YYB-103 CAR-T for IL13Rα2

- No ICANS, no severe CRS except fever & AST/LT elevation 

- No “on-target off-tumor effect” (transient Testosterone decrease)

2. Efficacy of intravenously injected YYB-103 CAR-T for IL13Rα2

- CAR-T proliferation & activation in peripheral blood (peak at 7 days)

- No evidence of long-term (> 3 months) persistence

- Radiologically stable ds. In 3/9

3. Future directions

- Real-time biomarker; detect Ag expression/ monitor Ag depletion possibly from CSF

- Route and round of administration; intravenous << intra-CSF/ intra-cavitary

- TME modulation; lymphodepletion, IDO-1 inhibitor etc.

- Ag depletion; Bi-specific, Engager, etc

Summary

How could we induce ‘cancer-immune’ cycle in adoptive cell therapy?



고형암의 연수막 전이 치료를 
위한

CAR-T 세포치료제 개발 연구

곽호신

국제암전문대학원대학교 암의생명과학과

뇌척수종양 클리닉, 국립암센터

세포 면역치료 사업단 (보건복지부)



• Clinically
– 2% to 8% of all patients with cancer; 

Melanoma, SCLC, Brest cancer, NSCLC

– Difficult to diagnose early: false (-) of 

CSF cytology & non-specific MRI

– Rapidly devastating patients with 

increased ICP from CSF flow disturb., 

CN neuropathy, C. equine involve. 

=> natural median OS = 2 months

연구의 필요성 연수막 암전이

Leptomeningeal metastasis (LM) is rare but increasing

• Biologically

– Dx by floating cancer cells in the CSF, 

but disease from subarachnoid/subpial

deposit 

– Sheet-like spread w/o mass formation

– CSF; lack of nutrients & growth factors

No known pathogenesis



Treatment Modalities for LM

Intra-CSF CTx debate on neurotoxicity & low efficacyRadiation therapy fail to cover whole neuraxis

Leptomeningeal metastasis (LM) is formidable disease without a standard Tx

Doubtful benefit of both RT and intra-CSF chemotherapy



Current Tx. status for LM

But, in cases with target inhibitor



17 pts from 13 articles

NSCLC with LM RTKi
HER2 (+) Breast ca. Herceptin



Brain metastasis in CSF pathway

• Adult • Pediatric BT

; grow and metastasis along CSF pathway

Medulloblastoma (MBL)

Atypical Teratoid Rhbdoid Tumor (ATRT)

Ependymoma (EPN)



연구개발의 최종 목표

[1] 검증된 IL13Ra2 CAR-T의 CSF infusion

전임상 실시 및 IND 획득
[2] 뇌척수액 분석을 통한 LM new 

Target Ag 발굴 및 TME 특성 파악

• Proteomics

• Single cell transcriptomics

• (Sg) Mouse model

CAR-T CSF infusion protocol 수립

• TPP

• Preclincial study

• (Tg) mouse model

n= 3,000 CSF 샘플 확보

Common Ag of LM Unique TME of LM(1단계)

CSF biomarker for 

CAR-T LM

NCC 임상 1상 진입 및 수행 NCC viral vector 생산 • Modified CAR-T

• CAR-NK/ CAR-DC

Effective CAR-T for LM by NCC

(2단계)





CellChat

strongest intercellular 

communication



CSF s.c. seq TME of LM

• 분석가능 세포수를 최소 환자군 1.0x104, 대조군 1.0x103으로 정하여 

25/46 샘플 raw data확보

• LM 군 20개 이상, 대조군 각 10개 이상이 목표

• 단가는 500-700만원

SC_일
련번호 Sample date

Biomarker N
o 환자번호 환자명 CSF sample site

Sample amount (
갯수, ml)

Patient grou
p Sample 구분

SC handling dat
e Sample status CSF handling by

세포수
세포 viability 

(%) 
SC 실험 진

행 여부

I 2025-08-07 1844 33296517 박순희 Lumbar 50 4군-BT 2025-08-07 Fresh CSF Decode cell 100,000 44.6 O

J 2025-08-14 1845 33155608 김수경 Lumbar 8 1군 (HC) 2025-08-14 Fresh CSF Decode cell 10,000 90 O

K 2025-08-19 4403 33579716 최원구 Lumbar 6 3군-BM 2025-08-19 Fresh CSF Decode cell 16,000 91 O

L 2025-08-27 20623 33528860 조태원 Lumbar 10 2군-LMC 2025-08-27 Fresh CSF Decode cell 10,000 82.4 O

Q 2025-09-18 1849 33616697 남윤희 Lumbar 167 1군 (CC) 2025-09-18 Fresh CSF Decode cell 15,500 86 O

R 2025-09-18 20625 33613770 전지현 Lumbar 10 2군-LMC 2025-09-18 Fresh CSF Decode cell 5,000,000 96 O

S 2025-09-22 3236 33151913 박영규 Cisternal 6 3군-BM 2025-09-22 Fresh CSF Decode cell 70,000 93 O

T 2025-10-02 3238 33581410 김종배 Cisternal 5 3군-BM 2025-10-02 Fresh CSF Decode cell 200,000 98 O

U 2025-10-15 1851 30042005 박병곤 Lumbar 200 1군 (HC) 2025-10-15 Fresh CSF Decode cell 600,000 82 O

W 2025-10-30 20629 33545817 최승진 Ventricle 9 2군-LMC 2025-10-30 Fresh CSF Decode cell 7,000 80 O

Z 2025-11-03 3240 33195494 유형선 Lumbar 155 3군-BM 2025-11-03 Fresh CSF Decode cell 23,000 92 O

AA 2025-12-10 4409 33345760 조순석 Lumbar 96 4군-BT 2025-12-10 Frozen cell stock (Cell Banker2)** NCC 600,000 90 O

AB 2025-12-11 1857 33548851 이옥화 Lumbar 169 2군-LMC 2025-12-11 Fresh CSF Decode cell 100,000 89 O

AC 2026-01-05 1858 20255828 강성숙 Ventricle 8 1군 (CC) 2026-01-05 Fresh CSF Decode cell 32,000 100 O

AE 2026-01-20 20632 30941164 박국화 Lumbar 160 2군-LMC 2026-01-20 Fresh CSF Decode cell 20,000 86 O

AG 2026-01-29 1854 33627530 최광태 Ventricle 10 1군 (CC) 2026-01-29 Fresh CSF Decode cell 28,000 97 O

AH 2026-02-05 20635 33540683 김진설 Ventricle 12 2군-LMC 2026-02-05 Frozen cell stock (Cell Banker2)** NCC 80,000 79 O

AK 2026-03-13 20638 33305490 유순심 Ventricle 10 2군-LMC 2026-03-13 Fresh CSF Decode cell 17,000 83 O

AL 2026-04-03 20651 33630957 이준희 Lumbar 8.5 2군-LMC 2026-04-03 Fresh CSF Decode cell 64,000 86 O

AM 2026-04-03 20642 33633114 김진모 Ventricle 9.5 2군-LMC 2026-04-03 Fresh CSF Decode cell 45,000 100 O

AN 2026-04-10 1873 33591349 변기춘 Lumbar 58 1군 (CC) 2026-04-10 Fresh CSF 20ml / Freezing 38ml Decode cell 53,000 96 O

AQ 2026-05-13 20645 33525576 최경숙 Lumbar 9 2군-LMC 2026-05-13 Fresh CSF Decode cell 7,700 91 O

AR 2026-05-13 20647 33625420 박선옥 Lumbar 6 2군-LMC 2026-05-13 Frozen cell stock (Cell Banker2)** NCC 5,425 78 O

AS 2026-05-13 20649 33625420 박선옥 Ventricle 11 2군-LMC 2026-05-13 Frozen cell stock (Cell Banker2)** NCC 12,425 94 O

AT 2026-06-02 20651 33630062 윤수정 Ventricle 9.5 2군-LMC 2026-06-02 Fresh CSF Decode cell 17,720 95 O 

scRNA SEQ 분석가능 샘플수

N 25

1군 (HC, CC) 6

2군 (LMC) 13

3군 (BM) 4

4군 (BT) 2



CSF biomarker  
(target Ag expression)

LM or Recurrent 
CSF pathway BT

LC-MS/MS (DIA mass)

EV enrichment

CTC mRNA

CSF single cell seq

CSF cytology (+)

(103~4 cells/ mL)

CSF cytology

CSF cytology (-)

• Integrated multi-omics analysis
• Immune cell subset analysis 
• Proteomics 기반 cytokine analysis

Effective CAR-T cell therapy from TME modulation



연구개발의 최종 목표

[1] 검증된 IL13Ra2 CAR-T의 CSF infusion

전임상 실시 및 IND 획득
[2] 뇌척수액 분석을 통한 LM new 

Target Ag 발굴 및 TME 특성 파악

• Proteomics

• Single cell transcriptomics

• (Sg) Mouse model

CAR-T CSF infusion protocol 수립

• TPP

• Preclincial study

• (Tg) mouse model

n= 3,000 CSF 샘플 확보

Common Ag of LM Unique TME of LM(1단계)

CSF biomarker for 

CAR-T LM

NCC 임상 1상 진입 및 수행 NCC viral vector 생산 • Modified CAR-T

• CAR-NK/ CAR-DC

Effective CAR-T for LM by NCC

(2단계)



연구 추진 체계

연구총괄 책임자
곽호신

IL13Ra2 CSF admin 

임상 진입 및 1상
셀렙메드, 박현진/박미림

LM TME 분석 및 

modulation
한충용, 박은정

LM New Ag 발굴 및 

LM mouse model
곽호신. NCC Core

뇌척수 CRC

PI lab

윤지혜, 오승언

• 전임상 평가

• LM transgenic mouse model

• 임상 IND 획득

• LM & CSF BM meta. 1상 수행

• CSF biomarker by LC-MS/MS

• CSF proteomics

• LM new target Ag validation

• LM syngenic mouse model

• LM TME modulation 실험

• CSF s.c. transcriptomics

• LM immune subset analysis

• LM TME modulation strategy

• CAR-NK/CAR-DC in LM



• CAR-T 뇌척수액 주입 protocol

– 뇌척수액 주입의 SAE 대처법 개발

– 타기관의 소량 반복 주입에 비해 적정량 적정시기 

반복 주입

– LM 환자에 흔히 발생하는 CSF flow disturbance에 

대응할 수 있는 protocol

– CSF pathway metastasis의 tumor burden & growth 

pattern에 따른 최적의  protocol 개발

– CSF 분석을 통한 CAR-T TME 연구의 귀중한 자료

로 활용

• 기존에치료법이 없는 LM 및 CSF pathway 

metastasis

– 독성 없는 효과적 치료 내지 완치를 기대

연구개발 성과의 활용방안 및 기대효과

지적재산권

• LM new target Ag 발굴

– 암종별 new target Ag의 가능성도 있음

– 셀렙메드의 CMC 노하우와 국립암센터 면역

세포 치료 사업단의 시너지로 해당 Ag의 viral 

vector 및 CAR-T 생산 

– LM 특유의 TME에 따른 target 발견 가능성; 

floating cancer cells vs. pial spread 

• LM CAR-T TME 연구
– 뇌척수액 특유 면역환경의 귀중한 자료

– Modified CAR-T 또는 CAR-NK/ CAR-DC개발



Recurrent/refractory 
pediatric CNS 

tumors

CAR-T cell 
therapy for 

Brain Tumors

• Limited efficacy but proved 

safety/feasibility

• Target Ag selection

• Immune exhaustion

• Lack of effective Tx

• Already RT/CTx exposed

• Frequent multiple/CSF 

metastasis

<연구과제 수행 흐름도>

이중 항원표적 CAR-T cell therapy

• Expression of Target Ag in both 

primary & recurrent tumor

• Develop CSF biomaker

다기관임상 1상 진입 및 수행

Safe but low expression

(IL13Ra2)

순차적 적용 전략

High expression but under 

development (B7H3)(1단계)

(2단계)

전임상 시험 및 R&D 획득

적용 대상 확인 및 
프로토콜 개발

CAR-T 제조 
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