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T細胞與抗原呈現細胞 (antigen-presenting cells)之間的交互作用

T細胞與癌細胞之間的交互作用

免疫檢查點是生物體內的保護機制之一，在正常免疫系統啟動下，T細胞可
以執行抗原專一性的細胞毒殺作用，並誘發後續免疫反應，對抗外來生物體；

同時 T細胞也需要免疫檢查點來進行調節，避免對抗外來細胞時傷及自身細

胞或組織。

樹突細胞 (DC)是專業的抗原呈現細胞 (APC)，負責捕捉、處理和呈遞抗原給 T細胞。T細
胞上的 OX40與 DC上的 OX40L結合後，可增強 T細胞的增殖和存活，並促進細胞因子的

分泌。反之，T細胞上的 CTLA-4與 DC上的 CD86結合後，可抑制 T細胞的活化，防止過

度免疫反應，避免自體免疫的發生。

T細胞的活化或抑制可透過如 OX40, 
4-1BB, PD-1, CTLA-4 等分子進行調
控，以維持免疫系統的平衡，而癌細胞

利用了這些免疫檢查點來逃避免疫系統

的追殺，通過表達 PD-L1與 T細胞上的
PD-1結合，來抑制 T細胞的活化，讓

癌細胞得以生存。
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免疫檢查點分子介紹

OX40 (CD134)
主要表達在活化的 T細胞及嗜中性白血球 (neutrophil)，尤其是 CD4+ T細胞，

提供必要的共刺激信號，增強 T細胞的增殖和壽命，也增強 T細胞消滅病原
體的能力。癌症療法中，透過刺激 CD134可以增強抗腫瘤免疫反應。

4-1BB (CD137)
主要表達在活化的 T細胞 (包括 CD8+和 CD4+ T細胞 )以及 NK細胞、

DC，可增強 T細胞的增殖和壽命，誘導多種細胞因子的產生，增強 T細胞消
滅病原體的能力。癌症療法中，透過刺激 CD137可以增強抗腫瘤免疫反應。

PD-L1
廣泛表達於包括 T細胞、B細胞、DC 、 Macrophages以及多種腫瘤細胞，

PD-L1與 PD-1結合後，向 T細胞傳遞抑制信號，減少 T細胞的活化和增
殖，可防止自體免疫反應 ; 而有些腫瘤細胞可以表達高水平的 PD-L1，通過與

PD-1結合，抑制 T細胞的抗腫瘤活性，來逃避免疫系統的攻擊。

MHC class II
主要表達在 B細胞、 DC和Monocytes，透過將抗原呈現給 T細胞受體 (TCR)
結合，來調控 T細胞的活化和分化，且 HLA-DR與多種自身免疫性疾病有關。

CD80/86
主要表達於 DC和 B細胞，與 T細胞上的 CD28和 CTLA-4相互作用，對 T
細胞的活化和抑制起重要作用。CD80/86是癌症免疫治療的潛在靶點，利用

調節 CD86的信號傳導可以增強或抑制免疫反應，進而影響腫瘤的生長和免疫

逃逸。

CTLA-4 (CD152)
主要表達在活化的 T細胞和 NK細胞，尤其是調節性 T細胞，CD152與
CD80和 CD86結合，傳遞抑制信號，減少 T細胞的活化和增殖，有助於防止

免疫反應過度。CTLA-4是癌症免疫治療的重要靶點，CTLA-4抑制劑被用於
解除腫瘤微環境中的免疫抑制，提高 T細胞對腫瘤的攻擊能力，已在多種癌

症 (如黑色素瘤、非小細胞肺癌和腎細胞癌 )中展示了顯著的療效。



PD-1
主要表達在活化的 T細胞、B細胞和 NK細胞，PD-1與 PD-L1結合，傳遞抑

制信號，減少 T細胞的活化和增殖，有助於防止免疫反應過度。PD-1是癌症
免疫治療的重要靶點，PD-1抑制劑被用於解除腫瘤微環境中的免疫抑制，提

高 T細胞對腫瘤的攻擊能力，已在多種癌症 (如黑色素瘤、非小細胞肺癌 )中
展示了顯著的療效。

LAG-3
主要表現在 T細胞、NK細胞、B細胞和 DC的表面，在腫瘤微環境中，

LAG-3和 MHC-II 結合，傳遞抑制信號，降低 T細胞的增殖和活性，幫助腫瘤

細胞逃避免疫監視。LAG-3已成為癌症免疫療法的潛在靶點，透過抑制 LAG-
3，可以重新激活 T細胞，增強抗腫瘤免疫反應。已有多種針對 LAG-3的單株
抗體正在進行臨床試驗，用於治療各類癌症，尤其是那些對其他免疫檢查點抑

制劑 (如 PD-1、CTLA-4)反應不佳的癌症。

TIM-3
常表現在 CD4+ T細胞的 Th1和 CD8+ T細胞的表面，在腫瘤微環境中，與

Galectin-9結合時，會抑制 T細胞的活性和增殖，使腫瘤細胞能夠逃避免疫監

視，從而促進腫瘤生長和轉移。TIM-3是癌症免疫療法的重要靶點，通過抑制

TIM-3，可以恢復 T細胞的功能，增強對腫瘤的免疫反應。

TIGIT
主要表現在 T細胞、NK細胞，TIGIT在調控免疫反應、維持免疫平衡和參與

腫瘤免疫逃逸中扮演著關鍵角色。與 PVR (CD155)結合，傳遞抑制信號，抑

制 T細胞和 NK細胞的活性，減少炎症反應，有助於防止過度免疫反應，還能

夠促進 DC分泌 IL-10，從而增強免疫耐受性。TIGIT在腫瘤微環境中高表達，

使 T細胞和 NK細胞受到抑制，幫助腫瘤細胞逃避免疫系統的監視和攻擊，使

TIGIT成為癌症免疫療法的重要靶點。

APC/Tumor T cell Cell to cell regulation
OX40L OX40 Stimulatory
4-1BBL 4-1BB Stimulatory
PD-L1 PD-1 Inhibitory

HLA-DR LAG-3 Inhibitory
CD86/CD80 CTLA-4 Inhibitory
CD86/CD80 CD28 Stimulatory
Galectin-9 TIM-3 Inhibitory

CD155 TIGIT Inhibitory

Table 1. 抗原呈現細胞或癌細胞與 T細胞之間的交互作用

For Research Use Only. Not for use in diagnostic or therapeutic procedures.



免疫檢查點抑制劑

在癌症治療中，通過抑制免疫檢查點來增

強免疫反應已成為一種有效的方法。免疫

檢查點抑制劑如抗 CTLA-4、抗 PD-1和
抗 PD-L1抗體，能夠解除腫瘤微環境對 T
細胞的抑制，從而增強抗腫瘤免疫反應。

通過檢測生物標記 (biomarkers)可以讓
病患在接受免疫藥物治療前，預測是否適

用免疫檢查點抑制劑，也可以監控後期療

效，追蹤病患是否有疾病惡化的風險，以

提高癌症患者的存活率。

BD公司提供 10色流式抗體 panel，可以
應用於 BD FACSLyric平台，利用多參數

分析來監控這些免疫檢查點的變化，以利

及時調整治療癌症的方法。

Table 2. A 10-color antibody panel for the characterization and quantitation of immune checkpoint receptors on activated T cells.

Table 1. A 10-color antibody panel for the characterization and quantitation of immune checkpoint receptors on activated T cells.

Methods
Healthy Donor PBMC Stimulation and Cell 
Culture Conditions 
Ninety-six-well plates were coated with 250 µL per well of 
phosphate-buffered saline (PBS as a nonstimulated control) 
or anti-CD3 epsilon (antibody clone UCHT1; BD Biosciences 
Catalog No. 555329) at concentrations of 0.5 µg/mL (low), 
2.0 µg/mL (intermediate or int), or 8.0 µg/mL (high). Coated 
plates were incubated at 37°C, 5% CO2 for 2 hours and then 
placed in 4°C refrigeration overnight. The following day, all wells 
were rinsed twice with PBS. Fresh PBMCs from healthy donors 
was collected using BD Vacutainer® CPT™ Cell Preparation Tubes. 
PBMCs were pooled from three individuals and seeded into 
nonstimulated control or CD3-coated wells at a concentration of 
3 x 105 cells/250 µL per well suspended in Dulbecco’s Modified 
Eagle Medium (DMEM) containing 10% fetal calf serum. After 
seeding with pooled PBMCs, the wells containing anti-CD3 
antibody were treated with 2 µg/mL of anti-CD28 antibody. 
Parallel wells containing the pooled PBMCs were incubated with 
PBS plus PHA at 1 µg/mL (low), 3 µg/mL (int), or 5 µg/mL (high), 
or with PBS plus 500 ng/mL ionomycin plus PMA at 5 ng/mL 
(low), 50 ng/mL (int), or 500 ng/mL (high). Plates containing 
pooled PBMCs were then incubated at 37°C and 5% CO2 for 12 
or 24 hours. For all experimental conditions, wells were prepared 
in triplicate. Cells from each set of triplicate wells were pooled 
prior to staining.

Acquisition and Data Analysis on the 
BD FACSLyric Platform
After the incubation periods described previously were complete, 
replicate wells in each plate were pooled and the cells were 
transferred to 12 x 75-mm, 5-mL tubes, such that each condition 
in the plate was represented by one staining tube. Cells were 
pelleted via centrifugation (7 min at 300g) and washed twice 
using PBS. Washed cells were then stained with the 10-color 
antibody panel shown in Table 1 and incubated at room 
temperature, under low-light conditions, for 30 minutes in 
BD Horizon™ Brilliant Stain Buffer (BD Biosciences Catalog No. 
659611). After the staining period was complete, PBMCs were 
washed twice with PBS and centrifuged for 7 min at 300g. The 
cell pellets were resuspended in staining buffer and acquired 
on a 10-color BD FACSLyric flow cytometer with the 4-3-3 
configuration, using BD FACSuite software. Instrument setup was 
performed using modified lyse/wash settings. Data acquisition 
and analysis was performed with BD FACSuite software. 

Results
We designed a panel of 10 antibody-fluorochrome conjugates (all from BD Biosciences) specific for immune checkpoint receptors 
expressed by activated T cells. As shown in Table 1, the panel includes the leucocyte receptor CD45, the T-cell co-receptor CD3, the 
major histocompatibility complex class II receptor HLA-DR, the co-stimulatory receptor CD28, and the immune checkpoint receptors 
cytotoxic T-lymphocyte antigen CTLA-4 (or CD152), OX40 (or CD134), 4-1BB (or CD137), PD-1 (or CD279), B7-2 (or CD86), and PD-L1 
(or CD274). 

Target Antigen Alternate Name Clone Fluorophore BD Catalog No.

1 CD45 PTPRC 2D1 APC-H7 560178

2 CD3 n/a SK7 PerCP-Cy™5.5 340949

3 HLA-DR n/a G46-6 BD Horizon BV510 563083

4 CD28 n/a CD28.2 PE-Cy™7 560684

5 CD134 OX40 ACT35 PE 555838

6 CD137 4-1BB 4B4-1 APC 550890

7 CD274 PD-L1 M1H1 FITC 558065

8 CD86 B7-2 2331 Alexa Fluor® 700 561124

9 CD152 CTLA-4 BNI3 BD Horizon BV421 562743

10 CD279 PD-1 EH12.1 BD Horizon BV605 563245

Table 1. A 10-color antibody panel for the characterization and quantitation of immune checkpoint receptors on activated T cells.

Methods
Healthy Donor PBMC Stimulation and Cell 
Culture Conditions 
Ninety-six-well plates were coated with 250 µL per well of 
phosphate-buffered saline (PBS as a nonstimulated control) 
or anti-CD3 epsilon (antibody clone UCHT1; BD Biosciences 
Catalog No. 555329) at concentrations of 0.5 µg/mL (low), 
2.0 µg/mL (intermediate or int), or 8.0 µg/mL (high). Coated 
plates were incubated at 37°C, 5% CO2 for 2 hours and then 
placed in 4°C refrigeration overnight. The following day, all wells 
were rinsed twice with PBS. Fresh PBMCs from healthy donors 
was collected using BD Vacutainer® CPT™ Cell Preparation Tubes. 
PBMCs were pooled from three individuals and seeded into 
nonstimulated control or CD3-coated wells at a concentration of 
3 x 105 cells/250 µL per well suspended in Dulbecco’s Modified 
Eagle Medium (DMEM) containing 10% fetal calf serum. After 
seeding with pooled PBMCs, the wells containing anti-CD3 
antibody were treated with 2 µg/mL of anti-CD28 antibody. 
Parallel wells containing the pooled PBMCs were incubated with 
PBS plus PHA at 1 µg/mL (low), 3 µg/mL (int), or 5 µg/mL (high), 
or with PBS plus 500 ng/mL ionomycin plus PMA at 5 ng/mL 
(low), 50 ng/mL (int), or 500 ng/mL (high). Plates containing 
pooled PBMCs were then incubated at 37°C and 5% CO2 for 12 
or 24 hours. For all experimental conditions, wells were prepared 
in triplicate. Cells from each set of triplicate wells were pooled 
prior to staining.

Acquisition and Data Analysis on the 
BD FACSLyric Platform
After the incubation periods described previously were complete, 
replicate wells in each plate were pooled and the cells were 
transferred to 12 x 75-mm, 5-mL tubes, such that each condition 
in the plate was represented by one staining tube. Cells were 
pelleted via centrifugation (7 min at 300g) and washed twice 
using PBS. Washed cells were then stained with the 10-color 
antibody panel shown in Table 1 and incubated at room 
temperature, under low-light conditions, for 30 minutes in 
BD Horizon™ Brilliant Stain Buffer (BD Biosciences Catalog No. 
659611). After the staining period was complete, PBMCs were 
washed twice with PBS and centrifuged for 7 min at 300g. The 
cell pellets were resuspended in staining buffer and acquired 
on a 10-color BD FACSLyric flow cytometer with the 4-3-3 
configuration, using BD FACSuite software. Instrument setup was 
performed using modified lyse/wash settings. Data acquisition 
and analysis was performed with BD FACSuite software. 

Results
We designed a panel of 10 antibody-fluorochrome conjugates (all from BD Biosciences) specific for immune checkpoint receptors 
expressed by activated T cells. As shown in Table 1, the panel includes the leucocyte receptor CD45, the T-cell co-receptor CD3, the 
major histocompatibility complex class II receptor HLA-DR, the co-stimulatory receptor CD28, and the immune checkpoint receptors 
cytotoxic T-lymphocyte antigen CTLA-4 (or CD152), OX40 (or CD134), 4-1BB (or CD137), PD-1 (or CD279), B7-2 (or CD86), and PD-L1 
(or CD274). 

Target Antigen Alternate Name Clone Fluorophore BD Catalog No.

1 CD45 PTPRC 2D1 APC-H7 560178

2 CD3 n/a SK7 PerCP-Cy™5.5 340949

3 HLA-DR n/a G46-6 BD Horizon BV510 563083

4 CD28 n/a CD28.2 PE-Cy™7 560684

5 CD134 OX40 ACT35 PE 555838

6 CD137 4-1BB 4B4-1 APC 550890

7 CD274 PD-L1 M1H1 FITC 558065

8 CD86 B7-2 2331 Alexa Fluor® 700 561124

9 CD152 CTLA-4 BNI3 BD Horizon BV421 562743

10 CD279 PD-1 EH12.1 BD Horizon BV605 563245

Immune Checkpoint Inhibitors

PD-L1

PD-1

Anti-PD1/
PD1 inhibitor Anti-PDL1/

PDL1 inhibitor

Anti-CTLA4/
CTLA4 inhibitor

TCR

MHC

CTLA-4

CD28

CD80

CD86

T cell activation

Dendritic Cell

Tumor Cell



A B

Figure 3. Proposed gating strategy for the 10-color immune checkpoint 
receptor panel

A. SSClowFSChigh leucocytes (green dots; top plot) were separated into CD45+ 
lymphocytes (red dots; middle plot) and then separated into CD3– (blue 
peak; bottom plot) or CD3+ (orange peak; bottom plot) lymphocytes. 
PBMCs pooled from three healthy donors were seeded into triplicate wells 
and stimulated as described in the Methods section. For each stimulation 
condition, triplicate wells were combined before staining. Representative 
data is shown.

B. The expression of CD134, CD137, PD-L1/CD274, HLA-DR, CD86, CD152, 
and PD-1/CD279 was assessed on CD3+ T cells (orange) and CD3– (blue) 
lymphocytes. PBMCs from healthy donors were stimulated in only PBS for 
12 hours as a negative control (left column), in PBS with 5 ng/mL PMA and 
500 ng/mL ionomycin for 12 hours (middle column), or in PBS plus 50 ng/mL 
PMA and 500 ng/mL ionomycin for 12 hours (right column). In all plots, the 
percentages of CD3+ cells (orange) or CD3- cells (blue) that are positive for 
the indicated markers are shown.

All data acquisition and data analysis was performed with BD FACSuite 
software. 

BD公司提供 10色流式抗體
panel分析這些免疫檢查點分子，

先圈選出 CD45+ leukocytes，
再去比較不同濃度的 PMA及
Ionomycin刺激下，CD3+ T cells
與 CD3- lymphocytes中各個免
疫檢查點分子的變化，透過高解

析且多參數分析可協助追蹤癌症

免疫療法的成效。

Figure 1. Proposed gating strategy for the 
10-color immune checkpoint receptor panel
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