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Introduction 

Gamma-delta (γδ) T cells have been in the limelight, as potential immunological therapeutic 

targets against a dynamic array of diseases. γδ T cell is the unconventional T lymphocyte and 

accounts for 1–10% of circulating T cells (1). It has characteristics that distinguish it from 

conventional αβ T cells, which occupy most of T cells, in the context of cell biology and 

function. (2, 3). They act as a bridge between innate and adaptive immune responses and 

recognize pathogens and tumor cells (4). They could participate in the early phase of 

infection and tumorigenesis through T cell receptor (TCR), natural killer group 2 member D 

(NKG2D), CD16, and toll like receptor (TLR), and induce antibody-dependent cellular 

cytotoxicity (ADCC) (3). Furthermore, they kill target cells through cytolysis by 

granzyme/perforin and tumor necrosis factor related apoptosis-inducing ligand (TRAIL), 

Fas/Fas ligand pathways, and cytokine secretion, such as interferon (IFN)-γ and tumor 

necrosis factor (TNF)-α (5, 6). Unlike αβ T cells, γδ T cells do not have antigen specificity as 

they do not require major histocompatibility complex (MHC) molecules for antigen 

recognition, suggesting they are potent candidates for immunotherapy targeting the tumor 
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Materials and methods 

Human subjects 

Whole blood samples of healthy adult volunteers (HV) and newly diagnosed patients with 

pediatric AML and B-cell ALL who visited the Asan Medical Center (Seoul, Republic of 

Korea) were collected. All the participants provided written informed consent, and the study 

protocols were approved by the Institutional Review Board (IRB) of the Asan Medical 

Center (IRB Approval No. 2015-0307 for HV and No. 2018-0445 for patients). 

 

Isolation of PBMCs 

αβ T cell-depleted PBMCs were isolated using CliniMACS (Miltenyi Biotec, Bergisch 

Gladbach, Germany), as previously described (68). Peripheral blood mononuclear cells 

(PBMCs) from HV, pediatric AML, and B-cell ALL (69) or αβ T cell-depleted PBMCs from 

HV were isolated by density gradient centrifugation using Ficoll-Paque™ Plus (GE 

Healthcare, Milwaukee, WI, USA). In brief, 10 ml of whole blood was layered on equivalent 

volume of Ficoll-Paque™ without disturbing the surface in 50 ml polypropylene tube 
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국문요약 

배경:  B- and T-lymphocyte attenuator (BTLA) 그리고 programmed cell death-

1 (PD-1)은 gamma-delta (γδ) T 세포의 항상성 및 활성화를 억제한다. 이 

연구는 Vγ9Vδ2 T 세포가 대부분인 인간 말초 혈액 γδ T 세포에서 BTLA 및 

PD-1 신호 전달 경로가 동일한 작용을 하는지 혹은 개별적으로 작용하는지를 

조사하기 위해 설정되었다. 

방법: 말초 혈액 단핵 세포 (PBMC)를 건강한 성인과 소아 B 세포 급성 림프 

모구 백혈병 (B-ALL) 및 급성 골수성 백혈병 (AML) 환자에서 분리하였다. 

CRISPR-Cas9 시스템을 사용하여 herpesvirus entry mediator (HVEM)이 결실된 

Jurkat 또는 HL-60 세포주를 생성하였다. IL-2 및 졸레드로네이트의 존재 하에 

PBMC 를 불활성화된 야생형 또는 HVEM 발현이 낮은 암세포와 공동 배양하여 배양 

동안 BTLA/HVEM 및 PD-1/PD-Ligand 1 (PD-L1) 신호를 유도하였다. PBMC 및 

Jurkat 세포 표면에서의 TCRγδ, CD3, BTLA (CD272), PD-1 (CD279), CD45RA, 

CD27, HVEM (CD270), 그리고 PD-L1 (CD274)의 발현은 유세포 분석에 의해 

검출되었다. 또한 세포 내 IFN-γ, 그리고 AKT, ERK1/2 및 SHP-2 와 같은 인산화 
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