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ABSTRACT 
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PD-1 Antagonist combination therapy  

as a postoperative adjuvant  

in a partially CD4 depleted  

orthotopic mouse tongue cancer model 
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Seoul National University College of Medicine 

 
 

OBJECTIVES: In oral squamous cell carcinoma, the expression of CD40 ligand 

genes, which are related to T cell immunity, is reduced in tumor-free lymph nodes 

of patients who died due to rapid recurrence after surgery and chemoradiotherapy. 

Further, the decrease in the CD40 ligand revealed a significantly poor prognosis. 

Thus, the status of host immunity can affect the outcome of cancer treatment.  

We aimed to evaluate the prognostic outcome of postoperative adjuvant therapy of 

CD40 agonist and/or PD1 antagonist after surgical excision of tongue cancer in the 

partially CD4 depleted orthotopic syngeneic mouse model, a condition similar to a 

deficit in CD40L. 

MATERIAL & METHODS: CD4 cells were partially depleted by injecting 0.05 
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mg of the anti-mouse CD4 clone GK1.5 into the C3H/HeN mice. To make an 

orthotopic syngeneic tongue cancer mouse model, a mouse squamous cell carcinoma 

cell line was injected into the lateral tongue of mice. This lead to the development of 

a tumor mass, which was removed by partial glossectomy. AndCD40 agonist and/or 

PD-1 antagonist therapy was performed postoperatively. Tongue tissues were 

harvested at the time of death and histologic evaluation, immunohistochemistry of 

CD8a, and programmed cell death 1 (PD-1) were performed 

RESULTS: CD4 depleted mice revealed faster growth in tumor volume and a 

shorter survival period compared to the native mice. Many CD8a positive cells were 

presented in the control, but not in the CD4 depleted mice. PD-1 positive cells appear 

to coincide with the infiltration of CD8a-positive cells. Treatment groups showed 

relatively slower re-growth of tumor volume and a longer survival period compared 

to the control group. Postoperative adjuvant therapy with CD40 agonist and PD-1 

antagonist combination therapy significantly increased survival. 

CONCLUSIONS: CD4 depletion was closely correlated with the survival of the 

tongue cancer mice model. CD40 agonist and PD-1 antagonist combination therapy 

may be effective as a postoperative adjuvant treatment when CD4 is partially 

depleted. 

Keywords: Oral squamous cell carcinoma, CD4 depletion, CD40, CD40 ligand, 

CD40 agonist, PD-1 antagonist, postoperative adjuvant treatment. 

Student Number: 2019-20347 
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INTRODUCTION 

 

Despite advances in surgical techniques and chemoradiotherapy for the management 

of oral squamous cell carcinoma (OSCC), the clinical outcomes are still frustrating 

and the five-year overall survival rate of patients with OSCC is still about 40-50%.1 

The role of primary surgical resection in OSCC has been garnering renewed attention 

after the evolution of surgical techniques such as transoral robotic surgery and 

microvascular reconstruction.2 However, the surgical outcomes were diverse and 

adjuvant treatments were often required. Cancer recurrence after surgery may be due 

to microscopic remnants. If microscopic remnants are suspected in patients with 

OSCC after surgery, they are treated with adjuvant radiation therapy or combined 

chemotherapy and radiation therapy. However, even with concurrent chemoradiation 

therapy (CCRT) many distant and local recurrences occur and the effectiveness of 

radiation therapy is limited. Thus, the idea that the host immune system may control 

cancer has emerged. This idea, which stipulates that the immune status of hosts is a 

critical factor of their susceptibility to cancer induced by chemical carcinogens. In 

an animal study, cancer susceptibility was higher in immunodeficient mice when a 

carcinogen was injected in mice with different immune status. Therefore, the cancer 

immunosurveillance hypothesis was established, a concept which stipulates that 

adaptive immunity was important to prevent cancer development. The host immune 

system controls not only tumor quantity but also tumor quality, or immunogenicity, 

which has prompted a major revision of the cancer immunosurveillance hypothesis. 

In this animal study, cancer cells generated from immunocompetent mice had 
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already undergone the process of immunoediting. Furthermore, 100% of the cancer 

cells grew when they were injected into the naive wild-type mice. Whereas only half 

of the cancer cells generated from the immunodeficient mice grew and half of the 

cancer cells regressed when injected into the naive wild-type mice. Cancers from 

immunocompetent hosts are edited with less immunogenicity and much progressive 

phenotype.3 In vivo priming of CD8 T cell is induced by CD4 T cell, and it is well 

known that CD40-CD40L interaction mediates this process. CD40L interacts with 

CD40, which is a cell surface receptor present on B cells, macrophages, and dendritic 

cells and determines the final functional outcome of T cell signaling.4,5 In our 

previous clinical study we focused on patients who underwent the same surgery at 

the same cancer stage but with poor prognosis. In patients with OSCC who died due 

to fulminant recurrence shortly after termination of primary surgical resection with 

adjuvant chemoradiotherapy, the decreased expression of cluster of differentiation 

(CD) 40 ligand (L) in tumor-free lymph nodes was identified. This might be an 

important prognostic factor in tumor recurrence and progression.6 On the basis of 

this result, we hypothesize that the consideration of perioperative host immune status 

is essential for enhancement of host immune system and it could result in better 

oncologic outcomes in suitable patients. In our other experiment, we investigated the 

effect of injection of a human squamous carcinoma cell line into the mouse tongue 

on the immune system. The rate of tumor elimination in CD8 depleted mice was 

comparable to that in immunocompetent mice. On the other hand, CD4 depleted 

mice showed a delay in tumor elimination, and CD40L depletion was observed. Flow 

cytometry after CD4 or CD8 depletion showed that CD40L is expressed mainly by 
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CD4 positive cells, and depletion of CD4 cells results in a simultaneous decrease in 

CD40L expression. CD4 and CD40L expression were co‑incident and CD4 depletion 

resulted in CD40L depletion.7 There was a major limitation in that the 

immunogenicity of the human cancer cell line to the mouse model was too strong. 

Therefore, it was difficult to say whether the immune reaction was specific to the 

cancer cell and not to the foreign body. To overcome this limitation and to investigate 

the effect of targeted therapy, we established a syngeneic orthotopic tongue cancer 

mouse model first, and then created partially depleted CD4 cells similar to those 

deficient in CD40L. Recently, anticancer immunotherapies targeting inhibitory 

immune-checkpoint receptors, such as cytotoxic T lymphocyte antigen 4 (CTLA-4), 

programmed cell death 1 (PD-1), and programmed cell death 1 ligand 1 (PD-L1), 

have been approved by the FDA.8 This trend emphasizes the need for targeted 

therapy for each patient. PD-1 is a co-inhibitory molecule in T cell and is known as 

the immune checkpoint molecule. The immune checkpoint inhibitor treatment in 

head and neck squamous cell carcinoma (HNSCC) has already been approved by the 

FDA, but the results of anti-PD-1 therapy are not satisfactory.9 CD40 agonist 

treatment involves up-regulation of PD-L1, resulting in resistance to CD40 agonist 

therapy and resistance to PD-1 treatment when tumor-infiltrating cytotoxic T 

lymphocytes decrease10,11 In this study, in a syngeneic orthotopic mouse tongue 

cancer model, tumor growth and survival outcomes was compared between the 

control group and the CD4 depleted group; which is similar to the CD40L depleted 

condition. In addition, we evaluated the effects of CD40 agonists and/or PD-1 

antagonists as postoperative adjuvant treatment.  
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MATERIALS AND METHODS 
 

1. Animal model 

All protocols and experimental design parameters were reviewed and approved by 

the Institutional Animal Care and Use Committee of the Seoul National University 

Hospital (IACUC No. 19-0065-S1A0). We used immunocompetent C3H/HeN 

female mice raised in a specific‑pathogen‑free (SPF) environment with standard 

conditions, controlled at a temperature of 20‑25˚C with 40‑50% humidity with a 12‑h 

light/dark cycle. There was no specific restriction for food or water. Mice at 6-8 

weeks, with body weight ranging 18-20 g were used. For the depletion of CD4 T 

cells in immunocompetent C3H/HeN mice, 0.2mg of the anti‑mouse CD4 clone 

GK1.5 (BioXCell, West Lebanon, NH, USA) mixed with 0.5 ml of 

phosphate‑buffered saline (PBS) was injected intraperitoneally for three consecutive 

days. To obtain a partial depletion of CD4 cells, we only used 0.05 mg, which is one-

tenth of the manufacturer’s recommended dose, and injected it only once a week 

instead of twice. Six mice were used as the control group, and three mice were used 

for the CD4 partially depletion group. To create postoperatively recurrent tongue 

cancer in orthotopic syngeneic mouse model, mouse squamous cell carcinoma cell 

line (SCC)VII, derived from murine oral SCC12, 1x106 cells in 15 µL of phosphate-

buffered saline (PBS) were injected to the lateral tongue of C3H/HeN mice using a 

Hamilton syringe.  
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2. Experimental procedure design 

After intraperitoneal injection of anti‑mouse CD4 clone GK1.5 (BioXCell, West 

Lebanon, NH, USA) thrice, flow cytometry was performed on lymph nodes and 

blood on the 5th day. The lymph node was mechanically dissociated and filtered 

through a 40 μm nylon mesh to make a single-cell suspension. Peripheral blood was 

centrifuged after incubation with hemolysis buffer (ammonium chloride solution) 

and the precipitate was used for the experiment. The single-cell suspensions were 

resuspended in a flow cytometry buffer (PBS, 0.5% bovine serum albumin, 0.1% 

sodium azide). The cells were incubated with an immunoglobulin Fc receptor 

blocking agent. Anti-mouse (FITC CD4, PreCP-Cy5.5 CD8, APC CD40, PE CD40L) 

were used for flow cytometry. Two to three weeks after the injection of SCC VII into 

the lateral tongue, a partial glossectomy was performed with minimal margin. 

(Figure 1) After partial glossectomy, treatment was initiated by dividing the mice 

into four groups and injecting them intraperitoneally twice a week. The four groups 

were: the control group, the CD40 agonist alone, the PD-1 antagonist alone, and the 

CD40 agonist and PD-1 antagonist combination treatment group. Rat IgG2a isotype 

control (100μg) and In Vivo Plus polyclonal Armenian Hamster IgG (100μg) was 

injected intraperitoneally in the control group. Agonistic CD40 treatment was 

administered with the injection of 100 μg of rat anti-mouse CD40 monoclonal Ab, 

clone FGK 4.5(BioXCell), and 100 μg of Inc Vivo Plus polyclonal Armenian 

hamster IgG. The PD-1 antagonist treatment was composed of In Vivo Plus 

polyclonal anti-mouse PD-1 (BioXCell) and rat IgG2a as the isotype control. The 

combined agonistic CD40 and antagonistic PD-1 treatment included rat anti-mouse 
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CD40 monoclonal antibody clone FGK 4.5 and In Vivo Plus polyclonal anti-mouse 

PD-1 (Figure 2). After surgery, the re-growing tongue mass size and mice body 

weight were measured twice a week and survival was analyzed. The tumor volume 

was calculated based on the caliper measurement by the modified ellipsoidal formula 

[tumor volume=1/2 (length × width2)]. Mice were sacrificed when the tumor size 

exceeded 1 cm in its longest diameter or the bodyweight decreased by more than 20% 

of the original weight or less than 16 grams. 
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3. Histologic analyses  

The control and CD4 partially depleted groups were sacrificed (approximately 20 

days after partial glossectomy) and their tongues were removed for H&E staining 

and immunohistochemistry (IHC). Histologic preparations were initiated by fixing 

the whole tongue in a 10% neutral formalin solution. Thereafter, routinely stained 

(hematoxylin-eosin) 4 um sections of paraffin-embedded tissue were examined by 

light microscopy. Fluorescent IHC was performed with CD8a (1:20 dilution, 

PAB099Mu01, Cloud-Clone Corp, TX, USA), PD-1 (1:500 dilution, ab214421, 

Abcam, Cambridge, UK) according to the manufacturer's instructions with minor 

modifications.  
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4. Statistical analysis. 

Kaplan–Meier survival analysis and unpaired t-test were performed using IBM SPSS 

for Windows, version 20.0 (IBM Corp, Armonk, NY, USA) and GraphPad Prism 

version 5 (GraphPad Software, SanDiego, CA, USA) and a p-value less than 0.05 

was regarded as statistically significant. 
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RESULTS 

1. Flow cytometry 

The effect of CD4 depletion due to intraperitoneal injection was confirmed by flow 

cytometry in blood and lymph nodes in four mice. In the lymph node, the CD4 cell 

population decreased to 20.56%±2.98% from 65.4%5±3.98% in the control group. 

Depletion of CD4 cells was more prominent in the peripheral blood, and the CD4 

population decreased from 35.16%±6.60% in the control to 2.35%±1.07%. CD8 

cells in lymph nodes significantly increased. Moreover, CD40L expression 

coincided with the expression of CD4 in both the lymph nodes and peripheral blood 

(Figure 3A, 3B). 

 

 

 

2. Tumor regrowth and Weight loss  

After surgery, tumor regrowth was faster in the CD4 depleted group compared to the 

control group (Figure 4A). The body weight in the control group showed some 

recovery after surgery for about 1 week and decreased with tumor regrowth from 

day 12 after surgery. The CD4 depleted group showed a faster decrease in body 

weight after surgery, with no period of recovery compared to the control group 

(Figure 4B). All the six control mice survived 19 days after surgery, but CD4 

depleted mice died between days 12 and 16 after surgery, and only one mouse 

survived 19 days after surgery. 
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3. Histologic evaluation of postsurgical tongue 

In the histologic examination, larger tumors were identified in the CD4 depleted 

group than in the control group. In the IHC evaluation, CD8a positive cells were 

identified in the control group, but only a few were seen in the CD4 depleted group. 

PD-1 expression was identified in tumors of the control group, and the expression of 

PD-1 appeared to coincide with the infiltration of CD8a-positive cells. In CD4-

depleted mice, the expression of PD-1 decreased along with a decrease in CD8a-

positive cells in the tumor (Figure 5). 

 

 

 

4. Treatment effect 

Immunotherapy was started with intraperitoneal injection twice a week after partial 

glossectomy. Four groups, comprised of a total of twenty two mice, were analyzed; 

there were five mice in the control group, five mice in the CD40 agonist group, six 

mice in the PD-1 antagonist group, and six mice in the Combined therapy group. 

-Tumor volume 

The tumor regrowth was slightly faster in the control group compared to the CD40 

agonist or PD-1 antagonist single treatment groups. The CD40 agonist and PD-1 

antagonist combined therapy group showed a significant delay in tumor regrowth 

(Figure 6A). 
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-Bodyweight 

Changes in body weight showed the same trend as tumor recurrence, with the 

combination therapy group gaining weight until 14 days after surgery, which then 

decreased with tumor recurrence. The control groups and the single therapy groups 

showed moderate changes in body weight compared to the combined therapy group 

(Figure 6B). 

-Survival 

Mice in the control group showed signs of morbidity earlier and were sacrificed 

between days 11 and 15 after surgery. The time of sacrifice was between days 14 

and 19 in the single therapy group and between days 23 to 28 in the combination 

therapy group. The survival analysis showed a statistically significant difference 

between groups, except between the single therapy PD1 antagonist and CD40 

agonist groups, as well as between the PD-1 antagonist single therapy and the 

combined therapy groups (Figure 6C). 
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DISCUSSION 

In our previous clinical study, the differences in gene expression in regional tumor-

free lymph nodes between oral cavity cancer patients with and without recurrence 

were evaluated. A cDNA microarray revealed 1,033 down-regulated genes in the 

patients with recurrence compared to the patients without recurrence. A significant 

proportion of these genes was correlated with the antigen presentation or T cell 

receptor (TCR) function. HLA-DPA1 and CD1E are related to antigen presentation; 

CD3D, CD2, and CD5 are related to TCR complex; CD28 and CD80 are related to 

co-stimulators, and CD40L is related to immune regulation. Cluster analyses also 

revealed significant differences in gene expression patterns related to the immune 

reaction between the two groups. An IHC analysis of the protein level of down-

regulated genes (CD80, CD40L, PTPRO, and STAG2) revealed a significantly 

higher expression of CD40L in patients without recurrence. To identify the 

correlations between protein expression and survival for selected genes, further 

immunohistochemical analysis was performed on samples from 60 OSCC patients. 

In the univariate analysis, TNM stage IV, T stage 3-4, N stage 2, angiolymphatic 

invasion, and lower expression of CD40L and CD80 were found to be significantly 

correlated with poorer survival. In the multivariate analyses, TNM stage IV, 

angiolymphatic invasion, and lower expression of CD40L were significant 

independent factors for poorer survival. This suggested that patients with impaired 

CD4 T cell immunity might increase the risk of recurrence after surgery. We 

hypothesized that targeted delivery of CD40L therapy might be effective in patients 
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whose lymph nodes expressed a decrease in CD40L after surgery. We then 

conducted a further study to investigate whether CD40 agonists could help in the 

condition of CD40L depletion. In our previous experimental study, a human 

squamous cancer cell line was injected into the tongues of immunocompetent mice, 

CD4 depleted mice, and CD8 depleted mice, and CD4&8 depleted mice. Human 

cancer cell elimination was delayed in CD4 depleted mice and CD4&8 depleted mice, 

but not in CD8 depleted mice. Therefore, CD4 T cell is essential to eliminate human 

cancer cells. Because CD4 depletion caused a decrease in the level of CD40L, we 

evaluated the efficacy of CD40 agonist and PD1 antagonist treatments in CD4 

depleted mice. CD40 agonist treatment fastened cancer cell elimination and 

increased cytokine excretion. For cancer cell elimination, CD4 and CD40L have a 

significant role and CD40 agonist could be a potential adjuvant treatment for patients 

with CD4 or CD40L depletion.7 However, when 0.5mg of anti-mouse CD4 clone 

GK1.5 was injected as per the manufacturer's instruction, CD4 disappeared in the 

lymph nodes, peripheral blood, and spleen. To make a more realistic partially 

depleted CD4 mouse model, a tenth of the dose, 0.05 mg of anti-mouse CD4 clone 

GK1.5 was used. As a result of flow cytometry, it was confirmed that the CD4 cells 

in the lymph nodes and peripheral blood decreased from 65.5% to 20.6% and from 

31.4% to 2.4%. But the CD8 cells in lymph nodes significantly increased in number. 

The proportion of CD8 cells relatively increased because the proportion of CD4 cells 

decreased. This is an exaggerated situation, but it is a more realistic animal model 

than it is completely exhausted. There was a major limitation in our previous study 

in that the immunogenicity of the human cancer cell line to the mouse model was 
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too strong. We, therefore, performed our current study to overcome this limitation. 

The mouse squamous cell carcinoma cell line (SCC)VII, derived from murine oral 

SCC12 was used to make an orthotopic syngeneic mouse model. It is well-known that 

CD8 T cells are considered to be the major participants in cancer immunology. The 

contact between the antigen and CD4 T cell induces a co-stimulatory signal that 

promotes CD8 T cell to be clonal expansion and to differentiate into effector and 

memory T cells.13 CD4 T cell accelerates a gene expression related to CD8 T cell 

and reinforces cytotoxic T cell function, which enables CD8 T cell to overcome the 

tumor evasion mechanisms from the host immune responses.14 In the condition of 

CD4 depletion, tumor growth was promoted due to the absence of a co-stimulatory 

signal to the CD8 T cell. In this study, the IHC of the recurred tongue mass showed 

a significant decrease in CD8a-positive cells when CD4 was partially depleted. It 

was revealed that CD4 T cell was necessary to recruit CD8 T cell in the tumor 

microenvironment. PD-1 expression was decreased, together with CD8a cells, in the 

CD4 depleted group. PD-1 showed weak positive findings, suggesting that PD-1 

therapy alone would not provide good results. There are clinical trials with CD40 

agonist as treatment. As a phase I study, a clinical trial with recombinant human 

CD40 Ligand treatment in high-grade non-Hodgkin’s lymphoma (NHL) or advanced 

solid tumors was conducted, and a complete response was reported in patients with 

laryngeal cancer.15 Since then, various CD40 agonists have been tested. A phase I 

study of immune modulation with weekly dosing of CD40 agonist antibody CP-

870,893 in advanced solid tumors was conducted. However, there was little clinical 

activity in patients with advanced cancer. There was no partial or complete response, 
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as only 26% of patients had a stable disease.16 Another study reported that only 27% 

of patients with melanoma responded to drug.17 Thereafter, with the development of 

immunotherapy targeting checkpoint inhibitors, CD40 agonist became a subject of 

interest and combination therapy was studied. This preliminary study aimed to 

identify the directions of research about targeted therapy. CD4 depleted immune 

status was significantly correlated to poor prognosis in the syngeneic orthotopic 

tongue cancer mouse model. Based on this animal model, the effect of targeted 

treatment was analyzed. A combination of anti-PD-1 therapy may result in 

synergistic effects with anti CD40 agonist therapy. In the postoperative combination 

therapy group, recurrent tumor growth was significantly delayed and retained their 

weight for longer periods. It also survived longer than the control or the CD40 

agonist group. Although other studies have evaluated the effect of immunotherapy 

on advanced cancer so far, our study was meant to evaluate the effect of 

immunotherapy as an adjuvant treatment after surgery in patients with postoperative 

residual microscopic cancer. In addition, according to the cancer immunoediting 

theory, it is significant that the treatment is evaluated by making partially depleted 

CD4 mice with reduced immunity closer to reality models. The patients with 

depletion of CD40L evaluated by preoperative examination may be expected to 

significantly improve the survival rate after perioperative CD40 agonist and anti-

PD-1 combination therapy. 
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CONCLUSION 

CD4 depleted syngeneic orthotopic tongue cancer mouse model showed worse 

outcomes postoperatively than the immunocompetent mouse. And CD40 agonist and 

PD-1 antagonist combination therapy could be an effective postoperative adjuvant 

treatment, especially in cases with decreased CD4 T cell activity. 
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Figure 1. Schematic diagram demonstrating the process of orthotopic mouse 

tongue cancer model with partial CD4 depletion 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



２０ 

 

 

 

Figure 2. Study design of the agonistic CD40 and the antagonistic PD-1 antibody 

therapy  
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Figure 3A. Partial depletion of CD4 mice flow cytometry analysis in the  

lymph node 
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Figure 3B. Partial depletion of CD4 mice flow cytometry analysis in the 

peripheral blood 
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Figure 4A. The changes in tumor volume in the control group and the CD4 

depleted group 

 

 
 

 

 
 

 

The tumor volume at the last follow-up day in the CD4 depleted group (mean 

value= 63.75±9.18 mm3) was statistically significantly larger than that in the 

control group (mean value= 21.13±11.00 mm3) (p=0.001). ***, p<0.001 
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Figure 4B. The change in weight loss in the control group and the CD4 depleted 

group 

 

 
 

 
 

 

The differences in body weight (at the day of surgery – at the last follow-up day) 

in the CD4 depleted group (mean value=4.07±2.11 gram) were statistically 

significantly bigger than that in the control group (mean value= 1.13±1.55 gram) 

(p=0.047). *, p<0.05 
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Figure 5. Pathological findings of recurred tongue cancer in control and CD4 

depleted group 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



２６ 

 

 

 

Figure 6A. Recurred tongue cancer tumor volume in adjuvant therapy after 

surgery 
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Figure 6B. Bodyweight changes in adjuvant therapy after surgery 
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Figure 6C. Kaplan–Meier survival analysis of the different treatment groups.
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국 문 초 록 

 

부분적인 CD4결손이 있는 동계 설암 쥐모델에서  

수술 후 추가 치료로써 CD40작용제 및 PD-1 길항제 병합요법 

서울대학교 의과대학 

이비인후과학 전공 송 슬 기 

 

목적: 구강편평세포암에서 T-cell 면역과 관련이 있는 CD40 리간드 

유전자는 수술과 항암방사선 치료 후 빠른 재발로 사망한 환자의 

림프절에서 감소되어 있다. 그리고 CD40 리간드의 감소는 유의하게 

불량한 예후와 관련이 있다. 즉 환자의 면역상태는 암치료의 결과에 

영향을 미치고 있다. 이에 본연구에서는 CD40 리간드가 감소되어 

있는것과 유사한 상태인, 부분적인 CD4결손이 있는 동계 설암 

쥐모델에서 수술 후 추가 치료로써 CD40작용제 및 PD-1 길항제 

병합요법의 결과를 평가하였다. 

방법: C3H/HeN 쥐에 anti-mouse CD4 clone GK1.5 0.05mg을 

주입하여 부분적인 CD4 결손을 만들었다. 편평세포암을 혀에 주입하고 

2-3주뒤 종양이 커지면 설암 절제술을 시행하여 종양을 제거하였다. 

수술 후 CD40 작용제 나 PD-1 길항제를 각각 주입하거나 병합하여 
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주입하였다. 제거된 종양에서 조직을 평가하고 CD8a, programmed cell 

death 1 (PD-1) 면역화학 검사를 실시하였다. 

결과: 부분적인 CD4 결손이 있는 쥐에서 대조군에 비해 종양이 좀 더 

빠르게 자랐고 생존기간이 짧았다. 많은 CD8a 세포가 대조군에서는 

보였으나 CD4 결손이 있는 쥐에서는 보이지 않았다. PD-1 세포는 

CD8a 세포와 일치하여 나타났다. 수술 후 보조치료를 받은 군이 

대조군에 비해 종양이 천천히 자랐으며 생존기간이 길었다. CD40 

작용제 및 PD-1 길항제 병합 요법을 했을 경우 유의하게 생존율이 

증가하였다. 

결론: CD4결손은 설암 쥐 모델에서 생존과 관련이 있다. CD40 작용제 

및 PD-1 길항제 조합 요법은 특히 감소된 CD4 T 세포 활동을 가졌을 

경우 수술 후 보조 치료로써 효과를 보일 수 있다. 

 

주요어 : 구강편평세포암, CD4 결손, CD40, CD40 리간드, CD4 작용제, 

PD-1 길항제, 수술 후 추가 치료 

학 번 : 2019-20347 
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