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To the editor
The tumor-infiltrating lymphocytes (TILs) therapy 

represents an innovative and promising form of cellular 
immunotherapy for solid tumors, distinguished by its 
high safety profile, superior homing capability, and multi-
target recognition [1]. However, the clinical efficacy of 
TILs therapy is challenged by the tumor microenviron-
ment (TME).

In this research, we addressed the therapeutic chal-
lenges posed by TME through developing engineered 
TILs. Through engineered modification, TILs express-
ing TIGIT shRNA can effectively reduce the expression 
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Abstract
Cancer represents a pressing global health concern, characterized by a substantial number of unmet clinical 
needs. Cell therapy has emerged as a promising and efficacious approach for cancer treatment, particularly 
tumor-infiltrating lymphocytes (TILs), which have demonstrated remarkable improvements in patients’ overall 
survival rates across various clinical studies. However, the tumor microenvironment exerts a adverse effect on TILs, 
leading to their rapid exhaustion and functional disorder. Consequently, this impedes their ability to effectively 
eradicate tumors and thus hinders the achievement of the anticipated therapeutic efficacy. Here, we employed 
lentiviral vector-mediated genetic engineering to manipulate TILs for the expression of TIGIT shRNA, IL-7-PD-L1 
nano-antibody fusion protein, and the ‘molecular switch’ HuEGFRt. The engineered TILs exhibited higher viability, 
reinforced cell expansion, and reduced reliance on IL-2. The stem-like proportion of engineered TILs is significantly 
augmented, and their activation level is enhanced when co-cultured with tumor cells. Meanwhile, the engineered 
TILs exert sustained cytotoxicity after repeated stimulation from tumor cells. The use of Cetuximab has been 
demonstrated in vitro to induce specific apoptosis of engineered TILs through HuEGFRt, thereby ensuring safety 
throughout the treatment process. In the mouse tumor model, following infusion of engineered TILs, the tumor 
volume significantly reduced, once again demonstrating the effectiveness of engineered TILs. The findings of our 
study demonstrate the exceptional performance of engineered TILs, which undoubtedly holds great promise for 
the clinical application of engineered TILs, ultimately benefiting a larger population of cancer patients.
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level of the TIGIT protein, thereby alleviating their func-
tional exhaustion within the TME. Concurrently, these 
TILs are also equipped with a fusion protein consisting 
of IL-7 and a PD-L1 nano-antibody. On one hand, the 
PD-L1 nano-antibody enables specific binding to PD-L1 
on tumor cells, thereby blocking the immunosuppressive 
effects mediated by the PD-L1/PD-1 signaling pathway. 
On the other hand, the IL-7 component binds to the IL-7 
receptor on TILs, enhancing their functional activity. 
(Fig. 1A, Supplementary Fig. 1A-F) IL-2 plays an essential 
role in sustaining the survival and proliferation of TILs. 
However, administering high doses of IL-2 may lead to 
adverse effects [2]. Our research aims to address TME 

challenges while simultaneously reduce TILs’ reliance on 
high-dose IL-2. As depicted in Fig.  1B and Supplemen-
tary Fig.  1G-I, the engineered 1# and 3# TILs, express-
ing the IL-7-PD-L1 nano-antibody fusion protein, which 
can significantly decrease the reliance on high-dose IL-2. 
More detailed analysis demonstrated a notable increase 
in the proportion of stem-like cells (CD39−CD69−) [3] 
within both CD8+ and CD4+ TILs in groups 1# and 3# 
(Fig. 1C D, Supplementary Fig. 1J K). These findings are 
consistent with previous studies on peripheral blood T 
cells [4, 5]. Moreover, in a co-culture system compris-
ing engineered TILs, cancer cells, and dendritic cells, the 
IL-7-PD-L1 nano-antibody fusion protein may enhance 

Fig. 1  Superior attributes of engineered TILs. (A) The molecular framework of engineered TILs. (B) The proliferation profiles of engineered TILs cultured 
in varying concentrations of IL-2. (C) The proportion of stem-like cells within the CD8 + subset in engineered TILs cultured under conditions of 100 U/ml 
IL-2. (D) The proportion of stem-like cells within the CD4 + subset in engineered TILs cultured under conditions of 100 U/ml IL-2. (E) The proportion of 
activation in engineered TILs cocultured with cancer cells and dendritic cells
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CD80-CD28 interaction by inhibiting the binding of 
PD-L1 to CD80, thereby promoting the activation of 
TILs (Fig. 1E, Supplementary Fig. 1L).

Next, we evaluated the cytotoxic efficacy of engineered 
TILs against tumor cells. Following exposure to three 
challenges of tumor cells, we observed that 1# and 3# 
TILs nearly completely eradicated tumor cells follow-
ing three rounds of tumor cell challenge (Fig.  2A). The 
CCK-8 and LDH results provided further evidence that 
the sustained cytotoxic efficacy of 1# and 3# TILs were 
markedly superior to other groups (Fig. 2B, Supplemen-
tary Fig.  2A). After three consecutive rounds of chal-
lenge by tumor cells, the cytotoxicity of TILs against 
tumor cells declined. This reduction may be attributed 
to tumor cell-induced exhaustion and dysfunction of 
TILs. However, in the 1# and 3# TIL groups, the decline 
in cytotoxicity was less pronounced compared to the Ctr 
and 2# TIL groups. This suggests that the fusion pro-
tein expressed by engineered TILs may, to some extent, 
inhibit tumor cell-mediated TIL exhaustion and dys-
function (Fig.  2B). Furthermore, the secretion levels of 

IFN-γ and Granzyme B in 1# and 3# TILs were signifi-
cantly higher than other groups. (Supplementary Fig. 2B 
C). These findings reinforce the conclusion that 1# and 
3# TILs possess enhanced cytotoxic activity. To compre-
hensively investigate the role of the IL-7-PD-L1 fusion 
protein in enhancing TILs-mediated tumor cell killing, 
we developed a novel engineered 4#TILs (Supplementary 
Fig.  3A), which is capable of independently expressing 
IL-7 and PD-L1 nanobodies. Under the equivalent trans-
duction efficiency (Supplementary Fig. 3B), the results of 
repeated killing assay revealed that the cytotoxic effects 
of 4# TILs were less significant than those of 1# TILs 
(Supplementary Fig. 3C). Other experimental results, like 
CCK-8, LDH, IFN-γ and Granzyme B detection, further 
confirm that the cytotoxicity of #1 TILs is significantly 
greater than that of #4 TILs (Supplementary Fig. 3D-G).

In addition, we established a murine CDX model to 
evaluate the in vivo tumor clearance efficacy of engi-
neered TILs (Fig. 2C). As shown in Fig. 2D, we system-
atically monitored tumor volume changes. On day 10, the 
tumor volume in the 1# TIL group began to decrease, and 

Fig. 2  Tumoricidal activity of engineered TILs. (A) Following three rounds of challenge of the engineered TILs with tumor cells (GFP-labeled), the ef-
ficacy of tumor cell clearance was observed and photoed using fluorescence microscopy. bar = 100 μm (n = 3). (B) Following sustained challenge of the 
engineered TILs with tumor cells, the efficacy of tumor cell clearance was quantified by CCK-8 assay (n = 3). (C) The molecular framework of engineered 
TILs. (D) Engineered TILs shown remarkable tumor-clearance capabilities in vivo (n = 5). (E) Statistical analysis of the in vivo tumor-clearance capabilities of 
engineered TILs (n = 5). *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001
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differences among experimental groups became appar-
ent. As time progressed, these differences increased. On 
day 25, following ethical guidelines, we ended the experi-
ment and analyzed the tumor volumes across all groups 
statistically. In vivo findings showed that 1# TILs had the 
strongest tumor clearance capability, and compared to 
3# TILs, the in vivo efficacy of 1# TILs were significantly 
higher, likely due to TIGIT shRNA effectively inhibiting 
TIGIT-mediated T cell exhaustion (Fig. 2E) [6].

These data revealed that the fusion expression of IL-7 
and PD-L1 nano-antibody represents a critical factor in 
augmenting the anti-tumor activity of TILs. This bifunc-
tional protein simultaneously binds to the IL-7 receptor 
on TILs and PD-L1 on tumor cells, functioning as a “zip-
per” that reduces the spatial separation between TILs 
and tumor cells, thereby enhancing the tumoricidal activ-
ity of TILs.

Safety concerns are a top priority in T-cell therapy, par-
ticularly in gene-edited T-cell therapies [7]. In this study, 
we incorporated the “molecular switch” HuEGFRt into 
engineered TILs. Upon cetuximab binding, this “molecu-
lar switch” specifically triggers apoptosis of engineered 
TILs (Supplementary Fig. 4A-D) via CDC [8] and ADCC 
[9] mechanisms. Besides that, throughout the entire in 
vivo experimental period, no significant changes in body 
weight were observed in the mice of the engineered TILs 
group (Supplementary Fig.  4E). Meanwhile, no abnor-
malities were found in the blood routine and blood bio-
chemical tests. (Supplementary Table 1, Supplementary 
Table 2). These findings substantiate the safety profile of 
engineered TILs.

To date, this study has demonstrated for the first time 
that engineering TILs to express a fusion protein com-
prising IL-7 and a PD-L1 nano-antibody significantly 
enhances the tumor-clearing capability of TILs. The engi-
neered TILs exhibited robust therapeutic efficacy while 
maintaining an excellent safety profile. We anticipate 
that this novel type of engineered TILs will exhibit faster 
symptom relief with a lower cell dose, particularly show-
ing improved efficacy in patients with positive PD-L1 
expression. The design of our engineered TILs is broadly 
applicable and can be extended to the treatment of mul-
tiple cancer types, offering hope to a greater number of 
advanced tumor patients.

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​4​0​1​6​4​-​0​2​5​-​0​0​7​0​2​-​y.

Supplementary Material 1

Acknowledgements
Thanks are due to Hao Wu, Yurun An, Wenshu Zhu, and Jun Shao for assistance 
with the experiments.

Author contributions
Project design and administration: Zhongjie Yu, Aotian Xu, Di Wu; Experiments 
and data analysis: Zhongjie Yu, Aotian Xu, Zhen Guo, Bin Jiang, Yueshu Zhu, Lin 
Shao, Xinhua Zhang, Yi Zhao; Writing-original draft preparation: Zhongjie Yu, 
Aotian Xu, Zhen Guo. Writing-review and editing: Di Wu, Aotian Xu.

Funding
The present study was supported by the New Industry Cultivation Program 
of Qingdao (grant no. 23-1-4-xxgg-18-nsh) and the Technological SMEs 
Innovation Ability Improvement Project of Shandong Province (grant no. 
2023TSGC0510).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Competing interests
The authors declare no competing interests.

Received: 21 May 2025 / Accepted: 19 August 2025

References
1.	 Yu Z, et al. Developing innovative strategies of tumor–infiltrating lymphocyte 

therapy for tumor treatment. Oncol Rep. 2024;51. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​8​9​2​​/​o​​r​.​
2​0​2​4​.​8​7​4​4

2.	 R R, et al. Adjuvant adoptive immunotherapy with tumour-infiltrating 
lymphocytes and modulated doses of interleukin-2 in 22 patients with 
melanoma, colorectal and renal cancer, after radical metastasectomy, and in 
12 advanced patients. Cancer Immunol Immunother. 1998;46. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​​1​0​0​7​​/​s​​0​0​2​6​2​0​0​5​0​4​7​7

3.	 Sri K, et al. Stem-like CD8 T cells mediate response of adoptive cell immuno-
therapy against human cancer. Science. 2020;370. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​2​6​​/​s​​c​i​
e​n​c​e​.​a​b​b​9​8​4​7

4.	 Wang S, et al. Nonactivated and IL-7 cultured CD19-specific CAR T cells are 
enriched in stem cell phenotypes and functionally superior. Blood Adv. 
2024;8:324–35. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​2​​/​b​​l​o​o​​d​a​d​​v​a​n​c​​e​s​​.​2​0​2​3​0​1​0​6​0​7

5.	 Hui X, et al. A novel strategy of co-expressing CXCR5 and IL-7 enhances CAR-T 
cell effectiveness in osteosarcoma. Front Immunol. 2024;15:1462076. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​i​m​m​u​.​2​0​2​4​.​1​4​6​2​0​7​6

6.	 Kong Y, et al. T-Cell Immunoglobulin and ITIM domain (TIGIT) associates 
with CD8 + T-Cell exhaustion and poor clinical outcome in AML patients. Clin 
Cancer Res. 2016;22:3057–66. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​5​8​​/​1​​0​7​8​​-​0​4​​3​2​.​C​​c​r​​-​1​5​-​2​6​2​6

7.	 Qi Y, et al. Efficacy and safety of CD19-specific CAR T cell-based therapy 
in B-cell acute lymphoblastic leukemia patients with CNSL. Blood. 
2022;139:3376–86. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​2​​/​b​​l​o​o​d​.​2​0​2​1​0​1​3​7​3​3

8.	 Riemer A, et al. Vaccination with cetuximab mimotopes and biological prop-
erties of induced anti-epidermal growth factor receptor antibodies. J Natl 
Cancer Inst. 2005;97:1663–70. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​3​​/​j​​n​c​i​/​d​j​i​3​7​3

9.	 Temam S, et al. An exploratory, open-label, randomized, multicenter study to 
investigate the pharmacodynamics of a glycoengineered antibody (imgatu-
zumab) and cetuximab in patients with operable head and neck squamous 
cell carcinoma. Annals Oncology: Official J Eur Soc Med Oncol. 2017;28:2827–
35. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​0​​​9​3​​/​a​n​n​​o​n​c​/​m​d​x​4​8​9

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1186/s40164-025-00702-y
https://doi.org/10.1186/s40164-025-00702-y
https://doi.org/10.3892/or.2024.8744
https://doi.org/10.3892/or.2024.8744
https://doi.org/10.1007/s002620050477
https://doi.org/10.1007/s002620050477
https://doi.org/10.1126/science.abb9847
https://doi.org/10.1126/science.abb9847
https://doi.org/10.1182/bloodadvances.2023010607
https://doi.org/10.3389/fimmu.2024.1462076
https://doi.org/10.3389/fimmu.2024.1462076
https://doi.org/10.1158/1078-0432.Ccr-15-2626
https://doi.org/10.1182/blood.2021013733
https://doi.org/10.1093/jnci/dji373
https://doi.org/10.1093/annonc/mdx489

	﻿IL-7-PD-L1 nano-antibody mediated “zipper” effect augments the tumoricidal activity of tumor-infiltrating lymphocytes
	﻿Abstract
	﻿References


