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Abstract 

New target identification for chimeric antigen receptor-modulated T 

lymphocyte (CAR-T) therapy against solid tumors is an urgent problem to 

solve. In this study, we showed first that AXL is overexpressed in various tumor 

cell lines and patient tumor tissues, which makes AXL a potent novel target for 

cancer therapy. In triple negative breast cancer (TNBC) cell lines and patient 

samples, AXL expression is highly elevated, which makes AXL an idea target 

for TNBC treatment. Then we engineered T cells with a CAR consisting of a 

novel scFv against AXL, evaluated their antigen specific cytotoxicity and 

cytokines release ability towards TNBC cell line and other AXL positive tumors 

in vitro. Furthermore, in TNBC xenograft model AXL-CAR-T cells displayed 

anti-tumor effect and in vivo persistence. Our data indicated that AXL-CAR-T 

cells represent a promising therapeutic strategy in AXL positive TNBCs.  
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Introduction 

Tumor immunotherapy has become a novel therapeutic strategy for cancer 

treatment. Among various immunotherapies, check point inhibitor and adoptive 

cell transfer (ACT) therapy including CAR-T cells are considered the most 

promising. CAR-T cells specific for the B lymphocyte antigen CD19 has 

achieved remarkably successful in the fields of hematological malignancies, 

including leukemia and lymphoma [1-5]. Currently, two CD19 CAR-T products 

have been approved in the United States of American. However, the 

therapeutic effects of CAR-T cells for solid tumors have not yet resulted in 

significant clinical benefits. The identification of novel therapeutic targets is still 

the challenge for CAR-T therapy, especially in treatment of solid tumors. 

AXL is a receptor tyrosine kinase (RTK) which was first identified from chronic 

myelogenous leukemia patients. It belongs to the TAM family of RTK with 

another two members Tyros and MER [6]. Its ligand, growth arrest–specific 

protein 6 (GAS6), induces the dimerization and autophosphorylation of AXL 

molecular after binding [7-9], and leading to activation of downstream signaling 

pathways, such as Akt, MAPK, PI3K, mTOR and NFκB pathways. AXL/Gas6 

has been implicated in tumor pathology by affecting fundamental cellular 

biologic processes, including proliferation, apoptosis, survival, migration, 

inflammation and angiogenesis [10-15]. 



  

AXL is found aberrantly over-expressed in human aggressive and metastatic 

tumors, and related to poor patient survival [16-20]. This leads to the 

emergence of using AXL as a therapeutic target for cancer treatment [21, 22]. 

In addition, AXL overexpression was found to contribute to therapeutic 

resistance of a variety of cancers, such as AML [23], breast cancer [24], renal 

cell carcinoma (RCC) [25, 26], esophageal carcinoma [23], lung cancer [27] 

and pancreatic cancer [26, 28]. Thus, targeting inhibition of AXL/Gas6 cascade 

by using specific inhibitors or antibodies will be a promising strategy for tumor 

therapy. Currently, XL184 (Cabozantinib), a multi-kinase inhibitor which inhibits 

AXL activity, has been enrolled into phase II and III clinical trials for treatment 

of non-small cell lung cancer (NSCLC) and brain and medullary thyroid cancer 

[29]. And R428 (BGB324), a unique small-molecule inhibitor of AXL could 

inhibit autophosphorylation of AXL and activation of downstream signal AKT 

pathway [30, 31], has been granted the Orphan Drug Designation for acute 

myeloid leukemia in the United States of American. 

These advances of targeting AXL have strongly suggested that AXL is ideal 

target for cancer therapy. However, CAR-T therapy targeting AXL for solid 

tumors has not been reported. In this study, we generated a CAR-T cells 

specific targeting AXL antigen by scFv fragment of a novel AXL antibody and 

evaluated their anti-tumor effect on AXL positive tumors both in vitro and in 

vivo. This offers the basis for clinical studies using AXL-CAR-T therapy for the 

treatment of AXL positive tumors in the future. 



  

MATERIALS AND METHODS 

Cell lines 

Human embryonic kidney 293T cell line, human sarcoma HT1080 cell line, 

human pancreatic cell line Panc1 and MiapacaⅡ  were purchased from 

American Type Culture Collection (ATCC, Manassas, VA, USA). Human breast 

cancer MDA-MB-231 cell line was kindly provided by Prof. wang, Academy of 

Military Medical Sciences. Human renal clear cell adenocarcinoma cell line 

786-O and human renal cell adenocarcinoma cell line 769-P was kindly 

provided by the Institute of Urology, Peking University (Beijing, China). Human 

breast adenocarcinoma cell line MCF-7 was purchased from the Institute of 

Basic Medicine, Chinese Academy of Medicine Science (Beijing, China). 293T, 

HT1080, Panc1, MiapacaⅡ, MDA-MB-231 and MCF-7 Cells were cultured in 

Dulbecco’s minimal essential medium/high glucose (DMEM; Gibco Grand 

Island, NY) and supplemented with 10% fetal bovine serum (FBS, Hyclone, 

Logan, UT, USA) and 1% penicillin/streptomycin (Hyclone). 786-O, 769-P Cells 

were cultured in PRIM-1640 and supplemented with 10% FBS (Hyclone) and 1% 

penicillin/streptomycin (Hyclone). 

AXL CAR construction 

A third generation CAR plasmid pLVX-EF1α-control vector-puroless 

(pLVX-EF1α-Con) was used in this study. The pLVX-AXL-CAR plasmid was 

constructed and contains one basic CD3ζ domain and two co-stimulation 

domains including CD28 transmembrane intracellular and 4-1BB intracellular 



  

signaling. The IgG4 hinge is used as the transmembrane sequence following 

the anti-AXL scFv. 

CAR expressing lentivirus production and purification 

Lentiviruses were produced by co-transfecting the CAR lentivirus plasmids 

(pLVX-EF1α-AXL or pLVX-EF1α-Con) with packaging plasmids, psPAX2 and 

pMD2.G (Addgene, Cambridge, MA, USA) into 293T cells by the phosphate 

co-precipitation method. Supernatants containing viral particles were collected 

at 24h, 36h and 48h after transfection, and were combined, filtered, and 

concentrated by ultrafiltration. Virus was stored at −80℃. Viral titers were 

measured by transfecting HT1080 cells with CAR virus. Forty-eight hours after 

transduction, CAR virus transduction efficiency was evaluated by flow 

cytometry on FACSCalibur (BD Bioscience, San Jose, CA, USA) using 

biotin-conjugated AXL and APC-labeled streptavidin (BD Bioscience). The 

virus transducing units (TU) were calculated by the following formula: TU/mL= 

ln (1-positive cell%) * seeding cell number. 

Human primary T cell isolation 

Peripheral blood mononuclear cells (PMBCs) from health donors were isolated 

from heparinized samples by Ficoll-Paque (Amersham Biosciences, 

Piscataway, NJ) density gradient centrifugation. T cells were isolated from 

PBMCs by Dynabeads™ Untouched™ Human T Cells Kit (Thermo Scientific, 

Waltham, MA, USA) according to the manufacturer’s instructions. CD3+ T cell 

purity as confirmed by FITC-anti human CD3 antibody (BD Biosciences) 



  

staining and flow cytometry positive cells rate was at least 90%.  

AXL-CART cell manufacturing   

Isolated T-cells were seeded in a 6 well plate at a density of 1x106 cells/ml 

containing X-vivo15 medium, supplemented with 400U/ml IL-2 (SL PHARM, 

Beijing, China), 10% FBS (Hyclone) and 1% penicillin/streptomycin (Hyclone). 

Two days before lentivirus transfection, T cells were stimulated with 

DynaBeads Human T-Activator CD3/CD28 (Thermo Scientific) at a 1:1 beads 

to cell ratio. Transfection was performed twice by centrifugation at 2000rpm for 

90 min with AXL-CAR lentivirus or Con-CAR lentivirus at 5 multiplicity of 

infection (MOI) in the presence of 8μg/ml polybrene (Sigma, Darmstadt, 

Germany). After transfection, T cells were cultured at a density of 1x106 - 3x106 

cells/ml for 10 days before subsequent assays. CAR virus transduction 

efficiency was evaluated by flow cytometry using biotin-conjugated AXL and 

APC-labeled streptavidin. 

Tumor tissues from renal cell carcinoma patients 

Surgical specimens were obtained from 16 RCC patients for clinical 

pathological examination in General hospital of Chinese people’s armed police 

forces. According to the results of pathological examination, the surgical 

specimens were divided into tumor tissues and corresponding non-tumor 

normal tissues. All the procedures were approved by the Ethics Committee of 

General hospital of Chinese people’s armed police forces. The AXL mRNA 

expression level was detected by real-time reverse transcription polymerase 



  

chain reaction (RT-PCR). 

Real-Time Reverse Transcript Polymerase Chain Reaction (RT-PCR) 

mRNA from 17 tumor sample and corresponding non-tumor normal tissues 

were extracted by trizol, and cDNA was synthesized by using RevertAid First 

Strand cDNA Synthesis Kit (Thermo Scientific). The mRNA expressions of AXL 

and GAS6 were quantified by using SYBR® Premix Ex Taq™ (Tli RNaseH 

Plus) (Takara, Shiga, Japan) on 7500 Fast Real-Time PCR System (Applied 

Biosystems/Life Technologies, Foster City, CA, USA). The relative expression 

levels were calculated by 2−DCt, using β-actin as the control. The primers for 

AXL and GAS6 were as following:  

AXL:forward,5’TCTAGGCACTGTAGTTCTAAG3’  

and reverse, 5’GGAGGAGGAAGCAATGATA3’;  

GAS6: forward, 5’CAGGCTGGTAGCTGAGTTTGACT3’  

and reverse, 5’TCTCAGGGCCAGCACGAT3’;  

and β-actin: forward, 50CATCCTCACCCTGAAGTACCC30  

and reverse, 50AGCCTGGATAGCAACGTACATG30. 

Tumor tissues from breast cancer patients 

Surgical specimens were obtained from 30 breast cancer patients for clinical 

pathological examination at Weifang Heart Hospital. Hematoxylin‐eosin (HE) 

staining of all cases of breast cancer were confirmed by professional 

pathologists. Immunohistochemistry (IHC) of estrogen receptors (ER), 

progesterone receptors (PR), and HER2 were done by the pathology 



  

department. All the procedures were approved by the Ethics Committee of 

Shandong Weifang Heart Hospital. The AXL protein expression level were 

detected by IHC and analyzed by Cumulative optical density value (IOD). 

IOD analysis  

Each slice was randomly selected to take a picture of three 200-fold views. 

When taking a photo, try to keep the slice tissue full of vision and try to ensure 

that the background light intensity of each photo is consistent. Use Image-Pro 

Plus 6.0 software and chose the same tan as uniform standard for all positive 

samples to obtain the IOD. 

Luciferase expressing cell line construction 

PLKO.1-cmv-luc plasmid carries a luciferase reporter gene and a puromycin 

resistance gene was packed for virus. Human MCF-7, MDA-MB-231, 786-O, 

769-P, Panc1 and MiapacaⅡ cells were transfected by Luc-lentiviruses and 

incubate for 72hr before 1μg/ml puromycin pressure selection. Positive 

selected luciferase expressing cells were confirmed by using ONE-Glo™ 

Luciferase Assay System (Promega, Madison, WI, USA). 

Cytotoxicity assay 

Target MDA-MB-231/Luc, MCF-7/Luc, 786-O/Luc, 769-P/Luc, Panc1/Luc, 

MiapacaⅡ/Luc cells were incubated with AXL-CAR-T cells, Con-CAR-T cells 

and non-transduced T cells with ratios of effector cells to targets of 10:1, 5:1 

and 1:1 each, in flat-bottomed 96 well plates for 24h. The proportion of viable 

MDA-MB-231/Luc cells was tested using ONE-Glo™ Luciferase Assay System 



  

(Promega, Madison, WI, USA). ONE-Glo™ reagent (100µg/mL) were added 

directly into the cell culture media (100 µL) and incubated for 10min in dark. 

The luminescence was measured in a Varioskan Flash luminometer (Thermo 

Scientific). The phase contrast images of each groups were taken by Leica 

inverted fluorescence microscope DMIL LED. 

Cytokine release assay by CBA 

Target MDA-MB-231/Luc, MCF-7/Luc, 786-O/Luc cells were incubated with 

AXL-CAR-T cells, Con-CAR-T cells and non-transduced T cells with ratios of 

effector cells to targets of 10:1, 5:1 and 1:1 each, in flat-bottomed 96 well 

plates for 24h. Supernatants were collected and subjected to measurement of 

CBA activity using BD CBA Human Th1/Th2/Th17 Cytokine Kit (BD 

Biosciences), according to the manufacturer’s instructions. 

MDA-MB-231/Luc xenograft model studies 

All procedures of animal experiments were approved by the Institutional 

Animal Care and Use Committee of the Beijing Institute of Radiation Medicine.  

To establish breast cancer xenograft model, 5x106 MDA-MB-231/Luc were 

injected subcutaneously into 6-8 weeks old B-NSG mice (Biocytogen, Jiangsu, 

China). Cells were suspended in 100μl PBS and diluted 1:1 in Matrigel (BD 

Biosciences) to ensure retention of the cells. Ten days after engraftment, 

5×106 of CAR T cell and untransduced T cells in 100μl PBS were injected 

intravenously in the tail vein (Day 0); N = 6 mice per group; 100μl PBS was 

used for the control group. The CAR-T cells and untransduced T cells were 



  

isolated from blood of two health donors and 3 mice of each group were 

injected with CAR T cells from a different donor. Twice every week, tumor 

dimensions were measured with calipers, and tumor volumes were calculated 

by using the following formula: tumor volume = width2 • length/2. Mice were 

sacrificed, and tissues were harvested 34 days after tumor engraftment.  

Tumors were harvested and weighed. A small piece was taken from each 

tumor, weighed, fragmented in small pieces and digested with collagenase 0.5 

U/mL and DNAse 1.0 mg/mL for TIL extraction, which were analyzed for the 

percentage of human T cells by staining with APC-conjugated anti-human CD3 

antibody (APC-CD3, BD Biosciences), PE-conjugated anti-human CD8a 

antibody (PE-CD8a, eBioscience), FITC-conjugated anti-human CD4 antibody 

(FITC-CD4; eBioscience), 7-aad and flow cytometry.  

Mouse peripheral blood sample was obtained from retro-orbital, 

heparin-anticoagulated and stained with FITC-conjugated anti-human CD3 

antibody (FITC-CD3, BD Biosciences), PE-conjugated anti-human CD8a 

antibody (PE-CD8a, eBioscience), and Percp-cy5.5-conjugated anti-human 

CD4 antibody (Percp-CD4; eBioscience). After incubation for 30 min at room 

temperature, the erythrocytes were lysed by red blood cell (RBC) lysis buffer 

(BD Biosciences) and then analyzed by flow cytometry. For AXL-CAR-T cell 

treated groups, biotin-conjugated anti mouse Fab (Jacksonimmuno, West 

Grove, PA, USA) and APC-labeled streptavidin (BD Biosciences) were labeled 

for CAR expression efficiency. 



  

Statistical Analysis 

Data were presented as mean ± standard error of the mean (SEM) and 

statistically analyzed by GraphPad Prism software version 5 (GraphPad 

software, San Diego, CA, USA). One-way ANOVA followed by Bonferroni post 

hoc tests were performed to analyze multiple groups. Differences were 

considered significant at two sides p < 0.05. 

  



  

Result 

Axl and Gas6 are highly expressed in tumor cell lines and breast cancer 

tissues 

The expression of Axl/Cas6 in various tumor cell lines and RCC as well as 

breast cancer tissues from patient was detected by flow cytometry, quantitative 

PCR and immunohistochemistry staining. By using a PE-anti human AXL 

antibody, we detected the AXL were highly expressed in tumor cells including 

MDA-MB-231, Panc1, MiapacaⅡ , 786-O and 769-P. Among these AXL 

positive cell lines, the triple negative breast cancer (TNBC) cell line 

MDA-MB-231 had the highest AXL expression level. However, MCF-7 shows 

an undetectable AXL expression (Figure 1A). The AXL mRNA levels in RCC 

tumor samples were detected by RT-PCR. Compared with para-carcinoma 

normal tissues, the AXL and CAS6 expression in RCC tumor tissues were 

significantly increased (Fig.1B). We further checked the AXL expression in 30 

specimen samples from breast cancer patients. The immunostaining results 

shown that AXL expression levels were elevated in 50% of breast cancer 

patient samples (15/30). Furthermore, consistent with the result from cell lines, 

the TNBC tissues express highest level of AXL among all types of breast 

cancer tissues (Fig.1C). It is indicated that AXL/CAS6 is aberrantly 

over-expressed in various tumor cell lines and patient tissues, especially in 

TNBC. This lay the basis for using AXL as the target for TNBC treatment. 



  

AXL-CAR construction and transduction of T cells 

A third-generation lentivirus AXL-CAR vector was constructed by introducing a 

novel developed single chain variable fragment (scFv) against AXL into a 

lentivirus vector containing IgG4 hinge region as the transmembrane domain, 

and CD28, 4–1BB, and CD3ζ as the intracellular signaling domain (Fig. 2A). To 

verify the activity of the AXL-CAR vector, we stably transduced the activated T 

cells and detected the CAR-T cells by using Biotin-labelled human AXL and 

APC-streptavidin. Our manufactory procedure achieved an average of 

35.7%±5.6% transduction efficiency with 5:1 MOI (Figure2 B-C).  

AXL-CAR-T cells exhibit specific cytotoxicity to AXL-positive tumor cells 

All the target cells were modified with luciferase gene by lentivirus vector 

mediated gene transfer. The specific cytotoxicity of AXL-CAR-T cells was 

measured by luciferase activity assays. The AXL-CAR-T cells exhibited direct 

and efficient lyse toward AXL positive cells. Both AXL negative cell line MCF-7 

and positive cells lines MDA-MB-231, 786-O, 769-P, Panc1 and MiacapcaⅡ 

were evaluated for AXL-CAR-T sensitivity. As shown in Figure 3A, co-culture of 

AXL positive cells MDA-MB-231, 786-O, 769-P, Panc1 and MiacapcaⅡ with 

AXL-CAR-T results in significant cytotoxicity, whereas AXL-CAR-T shows no 

specific cytolytic activity for MCF-7 cells. AXL-CAR-T cells showed graded 

levels of cytolytic activity on ratio-dependent manner in various cancer cells. 

The AXL-CAR-T can reach a full killing efficiency at the indicated E/T ration of 



  

10:1. Figure 3B showed the images of the AXL-CAR-T cell cluster formation 

and the AXL positive tumor cells were lysed under the microscope. These data 

support that AXL-CAR-T cells could maintain specific cytolytic activity against 

tumor cells expressing elevated levels of AXL.  

Cytokines are major effectors for CAR-T cytotoxic activities. The products of 

IL-2, TNF-α, IFN-γ, IL-6, IL-10, IL-17A and IL-4 of co-culture supernatants of 

AXL-CAR-T cells and target cells were measured. Consistent with the 

cytotoxic capability of AXL-CAR-T cells, the release of cytokines by 

AXL-CAR-T cells were also positively associated with the target tumor antigen 

levels. Compared with MCF-7 and 786-O cells, the cytokine levels in co-culture 

of MDA-MB-231 cells with AXL-CAR-T cells are the highest (Figure 3C). 

AXL-CAR-T cells inhibit the tumor growth in a MDA-MB-231 xenograft 

model 

The antitumor effect of AXL-CAR-T cells was further evaluated in a 

MDA-MB-231 xenograft model. The mouse model of TNBC MDA-MB-231 

xenografts was established by subcutaneously inoculated in NSG mice. The 

AXL-CAR-T cells, were injected intravenously as described in Material and 

Methods. The tumor volumes and AXL-CAR-T cells in peripheral blood were 

measured for 24 days. Treatment of MDA-MB-231 xenograft mice with 

AXL-CAR-T cells resulted in a growth inhibition of xenograft tumor which was 

significantly effective than control T cells (Figure 4 A, C). The AXL-CAR-T cell 



  

therapy has no influence in the body weight of MDA-MB-231 xenograft mice 

(Figure 4B). In addition to the tumor growth, the AXL-CAR-T cells in the 

peripheral blood of mice were also investigated in this study. Figure 5A-B 

showed the cell number of human T cells and percentage of CAR-T cells of 

AXL-CAR-T cell group were significantly higher than that of control group after 

injection for 3 and 12 days. It is indicated that there is a human T cell 

expansion of AXL-CAR-T cell group compared with the control T cells. 

Furthermore, The CAR-T cells in the tumor tissue were detected. Obvious 

accumulation of human CD3+ T cells were detected only in the tumor tissues 

of AXL-CAR-T cell group (Figure 5C). These results indicated that the 

AXL-CAR-T cells home to tumor sites and exert anti-tumor function. 

 

  



  

Discussion 

CAR-T cell therapy is based on two major facts. One is that cancer cells 

express tumor-associated antigens (TAAs) on their surface which can be 

perceived by human immune system. The other is CAR molecular which 

targets these TAAs on cancer cell could be genetically engineered to express 

on T cells. To overcome the obstacles that CAR-T cells in treatment of solid 

tumors, it is urgent to identify novel TAAs and design unique CAR-structures. 

Although multiple targets such as Her2, mesothelin and TEM8 have been 

applicated in CAR-T cell therapy for pancreatic cancer and triple-negative 

breast cancer [32, 33]. It is still needed to identify novel TAAs for developing 

CAR-T cells especially for solid tumors. AXL receptor tyrosine kinase has been 

described as a relevant molecular marker and a key player in invasiveness, 

especially in triple-negative breast cancer (TNBC) [34]. To evaluate the 

potential of AXL as an anti-tumor target, we detected the AXL expression in 

tumor cell lines and patient tissues. Our data indicated aberrant 

overexpression of AXL in various solid tumors such as breast cancer, RCC 

and pancreatic cancer cells. Among the tumor cell lines, the triple negative 

breast cancer cell line MDA-MB-231 express the highest level of AXL. AXL 

expression level in TNBC patient tumor samples was also high compared to 

other kind of breast cancer. All these data suggested that AXL can be 

considered as an ideal target for CAR-T therapy, especially in TNBCs.  

AXL/Gas6 signaling mediated the tumor angiogenesis and growth 



  

promoting[35]. Besides small molecular inhibitors, antibody therapy targeting 

AXL has been proved significantly improves the survival of preclinical tumor 

xenograft models and enrolled into clinical trials [36]. YW327.6S2 has shown 

highly anti-tumor activity in A549 non-small-cell lung cancer (NSCLC) and 

MDA-MB-231 breast cancer models [37]. Another anti-AXL antibody 20G7-D9 

has showed inhibition of tumor growth in TNBC Patient-Derived Xenografts 

(PDX) models and suppressed the AXL-dependent EMT and metastasis 

formation[34]. Compared to antibody therapy, CAR-T therapy has the 

advantages of showing anti-tumor activity at a very low effector to target ratio. 

In order to obtain the same cytotoxicity effect, much higher dose of antibodies 

need to be administrated, which will cause adverse off target side effects. By 

the positive results from AXL antibody therapy, we can predict the promising 

future for the AXL-CAR-T treatment for solid tumors. 

In this study, we use the third generation CAR mode, which include CD28 

and CD137(4/1BB) costimulatory intracellular signaling domain, in order to 

obtain a further improved persistence and cytotoxicity. Compared to the first 

and the second-generation CAR mode [38, 39]. the third generation CAR 

incorporate two or more costimulatory intracellular signaling domain [38]. Our 

data in AXL negative tumor cell line MCF-7 showed that CAR-T cells have 

stronger cytotoxicity than native T cells. Although CAR-T cells do not have 

target to bind in MCF-7 cells, third generation CAR molecular still endow T 

cells with more anti-tumor potency. 



  

Traditionally, radio-active chromium (Cr51) release assay [40] and lactose 

dehydrogenase (LDH) release assay [41] are the most common way to 

evaluate the cytotoxicity of CAR-T cells. Cr51 release assay have the 

disadvantage of harmful effects from radioactive hazards to scientist and 

environment, addition cost of radioactive waste handling and additional 

research equipment requirements. These promoted the scientists to use LDH 

assay for cytotoxicity measurement. But not only target cells secret LDH, 

CAR-T cells also secret LDH. So that complicated control groups must be 

included in the experiment and the sensitivity of assay is poor. In this study, we 

introduce luciferase into target tumor cell lines for in vitro cytotoxicity assay. In 

the co-culture system only target cells express luciferase, by simply comparing 

the luminescence from the co-culture system, we can accurately evaluate the 

viable target cells and the sensitivity of luciferase assay is much higher. This 

luciferase assay system could simply and sensitively measure the cytotoxicity 

effect which would lay the basis for high throughput CAT-T screening. 

Furthermore this luciferase-based assay could detect other types of 

cytotoxicity induced by immune-therapeutic cells or agents。 

Our results showed the specific cytotoxicity of AXL-CAR-T towards AXL 

positive tumor cells. The AXL-CAR-T cells lysed AXL overexpressing tumor 

cell with high efficiency. Nearly all the target cells are killed after 24 hours 

incubation at the indicated E/T ratio of 10:1. Because the cytokine secretion is 

closely related to the cytotoxic activity of CAR T cells, the protein levels of IL-2, 



  

TNF-α and IFN-γ etc. in co-culture supernatant were further measured. 

AXL-CAR-T cells exerted a high level of cytokines response upon specific 

targets encounter. Both the cytotoxicity potency and cytokine production levels 

were correlated with the AXL expression levels. Among the AXL positive tumor 

we screened, TNBC cell line MDA-MB-231 shown highest AXL expression 

level. And in TNBC patient samples AXL protein levels were also elevated 

higher than other breast cancers. Considering the difficulty and the urgent 

need for effective treatment of TNBC, we concentrated our in vivo study on 

TNBC xenograft model. Consistent with the anti-tumor effect of AXL-CAR-T 

cells in vitro, we revealed first by the s.c. xenograft model that systemically 

delivered AXL-CAR-T cells provide significant growth control of MDA-MB-231 

tumors in vivo.  

CAR-T therapy did not achieve the same brilliant achievements in solid 

tumors as in hematologic malignancies. One of the reasons is that CAR-T cell 

will encounter immunosuppressive microenvironment inside tumors. Within 

tumor microenvironment, tumor-associated macrophages (TAMs) is one of the 

suppressive surveilling immune cells, and could secret TGF-β, PGE2, reactive 

oxygen and arginase [42], which inhibit the effect of CART cells. Besides, TAM 

could produce high level of PDL1, which also inhibit CART cells by binding with 

the PD1 of CART cells. It has been confirmed in NSCLC and breast cancer 

models, AXL antibody YW327.6S2 not only inhibits tumor growth, but also 

inhibits the release of inflammatory cytokines and chemokines from 



  

tumor-associated macrophages (TAMs) [37]. So that AXL-CAR-T may not only 

inhibit the tumor growth but also overcome the suppression in the hostile tumor 

microenvironment. This makes AXL-CAR-T a more promising therapy for solid 

tumors.  

   In conclusion, these findings provide the evidences that AXL may 

serve as a novel target and provide the basis for the clinical investigation of the 

AXL-CAR-T cells therapy for TNBC.  
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Figure 1. AXL expression in cancer cell lines and patient samples. (A) 

AXL protein expression level in MCF-7, MDA-MB-231, 769-P, 786-O, 

MiapacaII, Panc1 were analyzed by flow cytometer using PE-anti human AXL 

antibody (n=4). (B) Axl mRNA expression in RCC patient. Total RNA was 

isolated from the tumor tissue or matched paracarcinoma tissues of surgical 

sample from RCC patients (n=16). RT-PCR was conducted to detect AXL 

expression. (C) AXL protein expression levels in TNBC patients and other type 

breast cancer patients. Surgical specimens were obtained from 30 breast 

cancer patients. Immunohistochemistry was used to evaluate the AXL 

expression level. Data in (B, C) were shown as mean ± SEM; *p < 0.05 and **p 

< 0.01, compared with normal tissues. 

 

Figure 2. CAR-T manufactory (A) Schematic representation of AXL CAR 

plasmid pLVX-EF1α-AXL and control plasmid pLVX-EF1α-Con. In 

pLVX-EF1α-AXL plasmid, AXL scFv was followed consequently by IgG4 hinge, 

CD28 transmembrane and intracellular domain, 4-1BB intracellular domain 

and CD3ζ domain. (B) At day 10, pLVX-EF1α-AXL transduce efficiency was 

detected by flow cytometry using biotin-conjugated AXL and APC-labeled 

streptavidin. T cell purity was confirmed by FITC-anti human CD3. T cells were 

the negative control. (C) Blood samples were collected from 4 different healthy 

donors. For each donor, 3 parallels were used to confirm the stability of the 

CAR-T manufactory system. The transduce efficiency were presented as 



  

mean ± SEM. 

 

Figure 3. cytotoxicity and cytokine release assay (A) Cytotoxicity of 

effector cells-T cells, Con-CAR-T cells and AXL-CAR-T cells to target cells. 

Effector cells were cultured with 5×103 target cells-MiapacaII, Panc1, 786-O, 

769-P, MDA-MB-231 (AXL positive cells) or MCF-7 (AXL negative cells) for 

24h. Cytotoxicity of each groups were measured by ONE-Glo™ Luciferase 

Assay System. For each result, three duplicates were made. (B) The phase 

contrast image of T cell and Con-CAR-T cell as effector cell showed high 

percentage of attached AXL+ cells. The phase contrast image of AXL-CAR-T 

cell as effector cell showed a minimal amount of attached AXL+ cells which 

indicate a high cytotoxic efficacy. In all images, E/T ratio was 1:1. Scale bar 

represented 200μm. (C) Supernatant in each group was processed to cytokine 

release assay by BD CBA Cytokine Kit. For each result, four duplicates were 

made. Data were presented as mean ± SEM; * = p < 0.05; ** = p < 0.01; *** = p 

< 0.001 

 

Figure 4. MDA-MB-231/Luc xenograft model studies (A) Tumor volume 

from xenograft experiments. Female NSG mice were inoculated 

subcutaneously with 5 × 106 MDA-MB-231/Luc cells and 10 days later (D0) 

mice (n=6) with same tumor burden were separated to independent groups. 

5×106 AXL-CAR-T cells, T cells or PBS were injected intravenously for 



  

treatment. Tumor volumes were measured twice a week by the formula: V= 

width2 · length/2. (B)Mice body weight were measured twice a week also. (C) 

On day 24, mice were sacrificed; Tumors were harvested and weighed by 

electronic scales. Data were presented as mean ± SEM; * = p<0.05; ** = 

p<0.01; *** =p < 0.001 

 

Figure 5. human T cell analysis in xenograft model. (A) Human T cell 

quantification in mice blood. On day2 and day 12, peripheral blood samples 

from each group were analyzed by flow cytometry by FITC-CD3, PE-CD8a and 

Percp-CD4. (B) CAR expression rates were analyzed by Biotin-AXL and 

APC-streptavidin (C) On day 24, tumors were fragmented and digested for TIL 

extraction. Human T cell percentage was analyzed by flow cytometry using 

APC-CD3, PE-CD8a and FITC-CD4. Data were shown as mean ± SEM; ** = p 

< 0.01; *** = p < 0.001 

  



  

 

  



  

Hightlights： 

 

 AXL and Gas6 are highly expressed in cell lines and patient samples of 

various tumors including triple negative breast cancer (TNBC). 

 Engineered T cells expressing a novel AXL-CAR exhibit specific 

cytotoxicity to AXL-positive tumor cells。 

 AXL-CAR-T cells displayed a significant anti-tumor effect and in vivo 

persistence in a TNBC xenograft model. 

 


