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Abstract
Purpose  Prostate cancer can undergo curative effects by radical prostatectomy or radical radiotherapy. However, the best 
treatment for more aggressive high-risk prostate cancer remains controversial. Insufficient infiltration capacity and dysfunc-
tion are commonly occurrences in engineered T lymphocytes expressing chimeric antigen receptor (CAR-T), characterizing 
cancer immunotherapy failure. We conducted this study to investigate whether the combinative application of docetaxel and 
PSMA-CAR-T cells could be a more effective treatment to prostate cancer.
Methods  Expressions of prostate specific membrane antigen (PSMA) on prostate cancer cells were examined by Flow 
cytometry. The efficaciousness of PSMA-CAR-T was evaluated in vitro using ELISA and RTCA. The effect of intermixed 
therapy was assessed in vivo utilizing a human prostate cancer liver metastasis mouse model and a human prostate cancer 
cell xenograft mouse model.
Results  The outcome of cytokine discharge and cell killing assays demonstrated that PSMA-CAR-T cells have characteristic 
effector capacity against PSMA+ prostate cancer cells in vitro. Additionally, collaborative treatment of PSMA-CAR-T cells 
and docetaxel have cooperative efficacy in a mouse model of human prostate cancer. The merged strategy could be seen 
as an undeveloped avenue to augmenting adoptive CAR-T cell immunotherapy and mitigating the adverse side effects of 
chemotherapy.
Conclusions  Cooperation of PSMA-specific CAR-T cells and the chemotherapy drug docetaxel can impressively ameliorate 
antitumor effectiveness against an installed metastatic human prostate cancer model in NPG mice.
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RTCA​	� Real time cell analysis
ELISA	� Enzyme linked immunosorbent assay

Introduction

Prostate cancer is the second most prevailing cancer 
among men in the whole world. The new emergency cases 
of prostate cancer provoked in last few years and caused 
considerable deaths in the USA (Siegel et al. 2021). Surgi-
cal resection and local radiotherapy can effectively treat 
early stage of prostate cancer, while advanced prostate 
cancer is mostly treated with palliative treatment which 
leading to the high mortality rate (Siegel et al. 2020). The 
medical world craving for new strategy to increase the 
curative effect and prolonged patient prognosis.

Adaptive immunotherapy with chimeric antigen recep-
tor-modified T (CAR-T) cells, as the most propitious 
tumor remedy, involves inserting the CAR gene into T 
lymphocytes through genetic engineering to stimulate 
autoimmune cells to kill cancerous cells. This approach 
has brought new hope to countless patients with malig-
nant tumors, especially hematological malignancies (Por-
ter et al. 2011). The success of CAR-T cells in the remedy 
of hematological tumours is also bringing optimism to 
the treatment of solid tumors. The hinder of the effica-
ciousness of CAR-T cells in the therapy of solid tumors 
was owing to the convoluted dynamic repressive tumor 
microenvironment partly. It contains various immunosup-
pressive factors, including myeloid-derived suppressor 
cells (MDSCs), tumor-associated macrophages (TAMs), 
regulatory T cells (Tregs) (Verma et al. 2011), and ligands 
which restrain the capability of T cells to abbreviate tumor 
cells (such as PD-L1) (Zhao et al. 2018). Therefore, it is 
necessary to adopt approaches to take full advantage of 
the effect of CAR-T cell in solid tumor immunotherapy.

Docetaxel (DTX) is an antineoplastic agent that has 
a unique mechanism of action as an inhibitor of cellular 
mitosis and that currently acts a pivotal part in castration-
resistant prostate cancer (CRPC) therapy. Although the use 
of these drugs has improved clinical outcomes, prolonging 
lifespans, many patients develop resistance. In a recent 
study, it was proved that DTX pretreatment in non-small 
cell lung cancer could induce increased expression of high 
mobility group protein B1 (HMGB1) in tumor cells, fol-
lowed by increased emission of chemokine CXCL11, and 
tumor infiltration of CD8+ T cells was also enhanced (Gao 
et al. 2019). These results demonstrated the regulatory role 
of DTX in the tumor immune microenvironment, suggest-
ing a possible therapeutic method: the DXT therapy might 
enhance CAR-Ts’ functions and achieve better therapeutic 
effects.

In this study, we design a second-generation CAR, 
which is aiming to PSMA with a costimulatory domain of 
CD137. The PSMA-CAR-T cells’ capability of killing and 
discharge lymphokines were tested in vitro. The collabora-
tive curative efficaciousness and mechanism of synthesized 
therapy with PSMA-CAR-T and docetaxel are verified, 
both in a mouse liver metastasis model and in a mouse 
xenograft model of human prostate cancer. We found DTX 
and PSMA-CAR-T cells together may down-regulated the 
immune checkpoint molecules, including programmed cell 
death protein-1 (PD-1), cytotoxic T-lymphocyte antigen 4 
(CTLA-4), lymphocyte activation gene-3 (LAG-3), T-cell 
immunoglobulin and mucin-domain containing-3 (TIM-3). 
In mechanism, we found DTX enhances CAR-T therapy 
by advancing infiltration of CAR-T cells and diminishing 
MDSCs.

Materials and methods

Cell culture

Human primary T cells were expanded in X-VIVO 15 with 
10% FBS, 1% penicillin/streptomycin and IL-2 (500 U/mL) 
within a moisten 5% (v/v) CO2 atmosphere at 37 ℃. To set 
up a durable overexpressing PSMA cell line, the PC3 cell 
line was transduced with a lentivirus bearing the human 
PSMA gene. All FBS was heat inactivated prior to use.

Reagents

Docetaxel was purchased from MedChemExpress company 
(Shanghai, China). Antibodies used to perform flow cytom-
etry were purchased from BD Biosciences or BioLegend. 
Mouse anti-c-myc monoclonal antibody was obtained from 
Sigma-Aldrich. Phycoerythrin-conjugated mouse antihuman 
PSMA antibody was obtained from R&D Systems.

T cells transduction and expansion

Human peripheral blood mononuclear cells (PBMCs) 
obtained from healthy donors were separated with Lym-
phoprep density separation (Stemcell, Canada) and then 
stimulated by Human T-Activator CD3/CD28 Dynabeads. 
On day 2, T lymphocytes were then transduced with lenti-
viral particles at a multiplicity of infection of 5 in the pres-
ence of RetroNectin. The beads were removed at day 6 after 
stimulation. The transduction efficiency was detected by 
the percentage of c-myc+ cells using flow cytometry. The 
CAR-T cells were expanded and maintained at a cell density 
of 1 × 106 cells/mL.
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Flow cytometry

Each sample requires at least 10,000 events, and data 
achieved from BD FACS Canto II were analyzed using the 
software Flowjo 10. All of the staining steps were accom-
plished in staining buffer and fixed in 1% paraformaldehyde.

Cytokine production assay

The release of cytokine is detected by cytometric bead 
array assay, Ctrl-CAR-Ts or PSMA-CAR-Ts (1 × 104) were 
co-incubated with target cells (1 × 104) in 96-well plates 
without adding extra exogenous cytokines. One day later, 
supernatant is gathered and cytokine levels are measured in 
duplicate utilizing the specific cytometric bead array assay 
(BD Biosciences). Statistics are attained through FACS Diva 
software and analyzed by FCAP software.

Real‑time cell assay (RTCA)

The cytotoxic capability of PSMA-CAR-T cells in vitro is 
measured by xCELLigence RTCA TP instrument (ACEA 
Biosciences). The RTCA system continuously records 
impedance data of cell attachment and growth, and the sta-
tistics are acquired to keep track of the CAR-T cytotoxic 
activity which is based on the viability of attached target 
cells, as reflected by cell index values.

Immunohistochemistry

Paraffin-embedded prostate cancer tumor sections are heat 
fixed, blocked with 3% H2O2, and incubated with specific 
antibodies overnight at 4 ℃. Images are acquired using fluo-
rescence microscopy (200, Olympus).

Human prostate cancer liver metastasis mouse 
model

6-week old male NPG (NOD. Cg-Prkdcscid Il2rgtm1Vst/Vst) 
mice (Vital Star Laboratory Animal Technology, Beijing, 
China) were injected i.v. with PC3PSMA+/luci+ cells (1 × 106 
cells/mouse). On day 7, Docetaxel (15 mg/kg, MCE) is 
administered continuously by intraperitoneal injection on 
day 7 after tumor inoculation. Simultaneously, 2.5 × 106 
PSMA-CAR-T cells are injected i.v. into the mice on day 
8. Mice are matched based on the tumor bioluminescence 
before assignment to control or treatment groups. All of the 
animal procedures are approved and manipulated in strict 
accordance with the Institutional Ethical Care and Use 
Committee.

Human prostate cancer cell xenograft mouse model

For the prostate cancer cell xenograft mouse model, 
PC3PSMA+ cells (1 × 106 cells/mouse) are surgically injected 
into NPG mice in the right flank. On day 7 after tumor inoc-
ulation, docetaxel is administered by intraperitoneal injec-
tion, respectively. On day 8, PSMA-CAR-T cells (2.5 × 106 
cells/mouse) are injected intravenously via tail injection 
(i.v.). The tumor volume is calculated by the formula: (major 
axis of tumor) × (minor axis of tumor)2/2. Mice are matched 
based on the tumor volume before assignment to control or 
treatment groups. At the endpoint, mice are euthanized when 
the tumor volumes reached ~ 1000 mm3 in the control group 
or signs of discomfort were noticed.

Statistical analysis

Data are analyzed and plotted with GraphPad Prism software 
(GraphPad, San Diego, CA, USA). Comparisons between 2 
groups are performed by Student’s unpaired 2-tailed t-test. 
The two-sided log-rank test is applied for the mouse survival 
test. P < 0.05 was considered significant.

Results

Cytotoxic capability of PSMA‑CAR‑T cells 
against PSMA+ prostate cancer cells

We design a PSMA CAR involving a mouse anti-human 
PSMA-scFv, a CD137 costimulatory molecule and a CD3 
zeta intracellular activation domain. The control-CAR is 
the same construct without the anti-PSMA-scFv (Fig. 1A). 
When expansion is over (day 10), both Ctrl-CAR-T cells and 
PSMA-CAR-T cells are stained with c-myc antibody which 
is followed by Alexa Fluor647-conjugated secondary anti-
body and measured their transduction effectiveness by flow 
cytometry. As shown in Fig. 1B, the transduction effective-
ness of activated PSMA-CAR-T cells and Ctrl-CAR-T cells 
are 59.8% and 55.9%, separately.

To possess PC3PSMA+, PC3 cell line is transduced by len-
tivirus. The density of PSMA expression in various prostate 
cancer cell lines is assessed by flow cytometry analysis using 
a mouse anti-human PSMA monoclonal antibody. As shown 
in Fig. 1C, flow cytometry analysis efficiently detects high 
expression of PSMA in PC3PSMA+ and LNCap cells and 
nonexpression in DU145 and PC3 cells, which are used as 
negative controls.

To assess the level of the cytokine releasing by PSMA-
CAR-T cells against PSMA+ cells, we coculture CAR-T 
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cells together with target cells, then pick up the superna-
tant including the cytokines assayed by ELISA. As shown 
in Fig. 1D, compared with Ctrl-T cells, much higher lev-
els of IFN-γ, perforin, granzyme B and IL-2 released by 

PSMA-CAR-T cells are detected while co-incubated with 
PC3PSMA+ and LNCap cells. The difference in cytokine 
release between PSMA-CAR-T cells and Ctrl-T cells co-
incubated with 293 T, DU145 and PC3 was insignificant. 

Fig. 1   Cytotoxic Capability of PSMA-CAR-T Cells Against PSMA+ 
Prostate Cancer Cells A abridged general view of lentiviral vectors 
expressing Ctrl-CAR and PSMA-CAR. B Surface expression of 
PSMA-CAR on T cells transduced with lentivirus was verified by 
FACS with anti-c-myc antibody (red line, isotype control). C Surface 
expression of PSMA in human cancer cell lines. D Cytokine release 
of PSMA-CAR-T cells. A total of 1 × 104 Ctrl-CAR-T or PSMA-CAR-

T cells were cocultured with 1 × 104 target cells in 200 μL of medium 
per well in round-bottom 96-well plates in triplicate. E Cytotoxicity 
examination of PSMA-CAR-T cells against PSMA+ or PSMA− target 
cells by RTCA (E:T = 1:1). The expansion of the target cells is inces-
santly recorded. *P < 0.05; **P < 0.01; ***P < 0.001; ns, not signifi-
cant



3515Journal of Cancer Research and Clinical Oncology (2022) 148:3511–3520	

1 3

These results reveal PSMA-CAR-T cells might be specifi-
cally stimulated by PSMA+ target cells and secrete specifi-
cally more cytokines than encountering with PSMA− tar-
get cells. Tumor cells which are expressing low levels of 
PSMA may trigger considerably less cytotoxic capability 
of PSMA-CAR-T cells.

Then, we use RTCA to further check the cytotoxic capac-
ity of PSMA-CAR-T cells. As shown in Fig. 1E, PSMA-
CAR-T cells against LNCap cells result in an instant and 
sharp reduction related with time in cell index values, similar 
to PC3PSMA+ cells. Approximately 50 h after the addition of 
CAR-T cells, the LNCap cell index closely drop to baseline 
(cell index = 0.0), indicating almost completely cytolysis of 
the target cells. When co-incubated with Ctrl-CAR-T cells, 
however, the LNCap cells undergo insubstantial effects. The 
cytotoxicity of PSMA-CAR-T cells is significantly weakened 
in DU145 and wild type PC3 cells, indicating the targeting 
capacity of PSMA-CAR-T cells. In summary, upper data 
establish that PSMA-CAR-T cells possess particular cyto-
toxic capability against PSMA+ target cells.

Docetaxel and PSMA‑CAR‑T cells show collaborative 
curative efficaciousness against the Mouse liver 
metastasis model of human prostate cancer

Liver metastasis is one of the most significant metastasis 
routes for advanced prostate cancer; therefore, we establish 
the mouse liver metastasis model of human prostate cancer 
to investigate the collaborative curative efficaciousness of 
the synthesized therapy. We first test the effect of docetaxel 
on the proliferation and function of CAR-T cells in vitro. In 
summary, upper data establish that docetaxel therapy causes 
no notable side effects on the proliferation, cytokine release, 
and cytotoxicity of PSMA-CAR-T cells in a clinical setting 
(S1A, B, C).

We establish a liver metastasis model of human prostate 
cancer. When each bioluminescence intensity (BLI) of the 
tumors is average, mice were divided into 4 groups (n = 8). 
On day 7, mice are infused with docetaxel intraperitoneal 
(i.p.). On day 8, mice are infused with PSMA-CAR-T cells 
via tail vein injection. The treating schedule of the mice 
in the CAR-T + DTX group is shown in Fig. 2A. To elimi-
nate the influence of docetaxel's strong curative effect on 
the experiment, we select the proper concentration of doc-
etaxel so that it would not show an overwhelming effect on 
tumor growth but only inhibit tumor growth slightly. PSMA-
CAR-T cells or docetaxel therapy alone demonstrate slightly 
antitumor curative effects. However, synthesized treatment 
with docetaxel and PSMA-CAR-T cells confer a consider-
able reduction in tumor burden (Fig. 2B, C), and viability 
is prolonged at the same time (Fig. 2D). Compared with 

monotherapy, the tumor burden decrease by nearly 50%, and 
the average life span almost double, extending to 66 days 
instead of 35 days. A significant increase in PSMA-CAR-T 
cells in mouse peripheral blood caused by docetaxel treat-
ment is observed (Fig. 2E, F). Upper data establish that doc-
etaxel and PSMA-CAR-T cells showed collaborative effi-
caciousness in the mouse liver metastasis model of human 
prostate cancer.

Docetaxel and PSMA‑CAR‑T cells show collaborative 
curative efficaciousness against the xenograft 
model of human prostate cancer

The triumph of CAR-T therapy in treating solid tumours has 
been limited (Rafiq et al. 2020). To further examine the cura-
tive efficaciousness of collaborative therapy with docetaxel 
and PSMA-CAR-T cells, we apply the PC3PSMA+ cell line to 
set up a xenograft model of human prostate cancer in NPG 
mice (Fig. 3A). We observe obvious differences between 
the single curative efficaciousness of CAR-T cells and col-
laborative therapy. When the experiment is ended, all of the 
tumor tissues are separated and lined up to be imaged. Simi-
lar to the liver metastasis model, single PSMA-CAR-T cells 
treatment or single docetaxel treatment provide poor anti-
tumor curative benefits. Collaborative therapy of docetaxel 
and PSMA-CAR-T cells lead to significant tumor growth 
suppression (Fig. 3B–D). Compared with monotherapy, the 
tumor volume is decreased nearly 75%, decreasing from 
an average of 400 mm3 to 50 mm3, and the tumor weight 
decrease from an average of 0.5 g to 0.1 g. Upper statistics 
establish that docetaxel and PSMA-CAR-T cells show col-
laborative curative efficaciousness against a mouse xenograft 
model of human prostate cancer. Docetaxel therapy also 
provoke a notable growth of PSMA-CAR-T cells in mouse 
peripheral blood (Fig. 3E, F). After the treatment, we notice 
that collaborative therapy multiply raises the frequentness 
of T cells in tumor tissue compared with single treatment, 
as demonstrated by immunohistochemical staining, from 
approximately 0.2% to 0.6% CD3-positive cells (Fig. 3G, 
H). Next, we investigated expressions of several T cells func-
tional markers, including PD-1, TIM-3 and CTLA-4. Col-
laborative therapy with docetaxel decreased expressions of 
PD1, TIM-3 and CTLA-4 in CAR-T cells (Fig. 3I–K), sug-
gesting docetaxel ameliorated CAR-T exhaustion in tumor 
tissues. We also detected the Ki67 levels of CAR-T cells, and 
the results revealed that docetaxel increased the expression 
of Ki67 in CAR-T cells (Fig. 3L). These results indicated 
that collaborative therapy enhance CAR-T efficacy by down-
regulating the immune checkpoint molecules and promoting 
CAR-T cells proliferation.
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Fig. 2   Docetaxel and PSMA-CAR-T Cells Show Collaborative Cura-
tive Efficaciousness Against the Mouse Liver Metastasis Model of 
Human Prostate Cancer A Abridged general view indicating the rem-
edy planning of the mice. B Representative bioluminescence images 
of PC3PSMA+/luci+ tumor growth in the human prostate cancer model 
shown in A. C Bioluminescence kinetics of PC3PSMA+/luci+ tumor 
growth (5 mice/group) in the human prostate cancer model in (A). 

D General viability of NPG immunodeficient mice carrying an set-
tled liver metastatic model of human prostate cancer after collabora-
tive treatment of PSMA-CAR-T cells and docetaxel. E and F, Sum-
marized statistics and representative dot plots demonstrating human 
T cells in the peripheral blood of NPG mice. Error bars denote SEM; 
**P < 0.01; ***P < 0.001
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Fig. 3   Docetaxel and PSMA-CAR-T Cells Show Collaborative Cura-
tive Efficaciousness Against the Xenograft Model of Human Prostate 
Cancer A Abridged general view indicating the remedy planning of 
the mice. B Line chart of tumor growth during the experiment. C, 
D Representative tumor images (C) and weights (D) from differ-
ent treatment groups. E, F Summarized statistics and representative 
dot plots demonstrating human T cells in the peripheral blood of 
NPG mice. G and H, Representative IHC staining for CD3 (H) and 
quantitative results (G) of tumor infiltrating T cells in the CAR-T or 

CAR-T + docetaxel groups. CD3-positive rates (G) were analyzed 
using Image-Pro Plus software based on 3 representative visual 
areas in each section from each tumor (n = 6 per group). I, J. and K, 
T exhaustion markers include PD-1 (I), TIM-3 (J), and CTLA4 (K) 
in tumor-infiltrated CAR-T cells were detected by flow cytometry. 
L, Ki67 expressions in tumor-infiltrated CAR-T cells were detected 
by flow cytometry (n = 5). Error bars denote SEM; *P < 0.05; 
**P < 0.01; ***P < 0.001; ****P < 0.0001; ns, not significant
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Fig. 4   Docetaxel Treatment Decreased the Frequency of MDSCs and 
Inhibited the Cytotoxicity of Human PSMA-CAR-T Cells by Mouse 
MDSCs. A and B Summarized statistics and representative dot plots 
demonstrating MDSCs in peripheral blood. The cells were stained 
with antibodies anti-mouse CD45, mouse CD11b, mouse GR-1 for 
MDSCs. C MDSCs were isolated from PC3PSMA+ tumors of NPG 
mice. The separated MDSCs are co-incubated with PSMA-CAR-T 
cells at a ratio of 2.5:1 for a day. Next, the CAR-T cells are extracted 
from the mixed cells and co incubated with PC3PSMA+ cells at an E:T 

ratio of 1:1 in an E-plate for approximately 50 h, and the cytotoxicity 
of the CAR-T cells was detected by RTCA. D Representative results 
and summarized RTCA data showing the cytotoxicity of PSMA 
CAR-T cells treated with or without mouse MDSCs. E, IFN-γ release 
of PSMA-CAR-T cells that received mouse MDSC treatment or not 
were detected by ELISA (n = 2). E: T, effector/target; IFN, interferon-
gamma; MDSC, myeloid-derived suppressor cell; RTCA, real-time 
cell assay. **P < 0.01; ***P < 0.001
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Docetaxel treatment decreased the frequency 
and immunosuppression of MDSCs to PSMA‑CAR‑T 
cells

According to previous reports, docetaxel could ameliorate 
tumor microenvironment by inhibiting MDSCs (Kodumudi 
et al. 2010; Djeu and Wei 2012), therefore, we assess the 
frequency of MDSCs in peripheral blood. We exert a dras-
tic reduction of MDSCs in peripheral blood in combina-
tion therapy group, compared with single PSMA-CAR-T 
treatment (Fig. 4A, B). Then, the MDSCs are isolated from 
the PC3 tumor tissue and the repressing effects of mouse 
MDSCs against human PSMA-CAR-T cells are detected by 
RTCA and ELISA. The separated MDSCs are co-incubated 
with PSMA-CAR-T cells at a ratio of 2.5:1 for a day. Next, 
the CAR-T cells are extracted from the mixed cells and co 
incubated with PC3PSMA+ cells at an E: T ratio of 1:1 in an 
E-plate for approximately 50 h, and the cytotoxicity of the 
CAR-T cells is detected by RTCA. When RTCA is ended, 
the supernatants are gathered and ELISA is using to evalu-
ate the level of IFN-γ released by CAR-T cells. As shown 
in Fig. 4C, D, compared with untreated MDSC CAR-T 
cells group, target cells in the MDSC-treated CAR-T cells 
(MDSC: CAR-T = 2.5:1) expand remarkably quicker, indi-
cating the lower cytotoxicity of MDSC-treated CAR-T cells. 
The ELISA results show that the IFN-γ levels of MDSC-
treated CAR-T cells (MDSCs: CAR-T = 2.5:1) were remark-
ably lower than those secreted by MDSC-untreated CAR-T 
cells (Fig. 4E). In summary, upper data establish that down-
regulation of MDSCs triggered by docetaxel therapy could 
be a considerable factor in the collaborative effects of doc-
etaxel and PSMA-CAR-T cells.

Discussion

Docetaxel, a clinically available antimicrotubular agent, 
has been used as an efficacious remedy to cure various 
solid tumors, including breast cancer and prostate cancer 
(Beltran and Morris 2020; Nabholtz and Gligorov 2005). 
However, the capacity of high-dose docetaxel in clinical 
practice would be jeopardized by inappropriate control of 
side effects, such as cytopenia, peripheral edema, myalgia, 
arthralgia, alopecia, and ototoxicity neurotoxicity (Xuan 
et al. 2020; da Costa et al. 2020; Rochigneux et al. 2018). 
In our study, combination therapy with low-dose docetaxel 
and PSMA-CAR-T cells decreased the side effects caused 
by docetaxel treatment that the treated mice had no obvious 
symptoms and still experienced a magnified curative effect.

CAR-T cells containing immunotherapy has indicated 
highly unique and practical results in treating hematologi-
cal malignancies, such as acute/chronic lymphoblastic leu-
kemia, lymphoma, and multiple myeloma (Achkova and 

Pule 2018; Xu et al. 2017). However, no progress has been 
made on CAR-T therapy applied to remedy patients suffering 
solid tumors, and genesis of the obstacle have been broadly 
investigated (D’Aloia et al. 2018). As the trickiest dilemma, 
the unfriendly immunosuppressive microenvironment of 
solid tumors would extraordinarily hinder the capacity of 
CAR-T cells (D’Aloia et al. 2018; Gorchakov et al. 2019). 
Aiming to solve this handicap, we look into the possibility 
of employing various clinical frontline chemotherapy drugs 
to strengthen the capability of CAR-T cells. The unprec-
edented function of docetaxel in the overturning of immuno-
suppression and regulation of the tumor microenvironment 
has been established in up-to-date investigations (Hu et al. 
2020; Wen et al. 2018). Collectively, we theorize that col-
laborative treatment containing docetaxel could ameliorate 
the capability of PSMA-CAR-T cells against prostate can-
cer to a greater extent. In an adaptive transfer experiment, 
our results prove that collaborative PSMA-CAR-T cells 
with docetaxel considerably advance curative efficacious-
ness against the established mouse liver metastasis model 
of human prostate cancer and bring about lengthen viability 
of recipient mice. Moreover, we indicate that collaborative 
docetaxel with CAR-T therapy triggered the upper infiltra-
tion of T cells in the tumor tissues, which could be ascribed 
to the collaborative antitumor capacity.

According to previous studies (Djeu and Wei 2012; 
Kodumudi et al. 2010), docetaxel modulate MDSCs by 
inhibiting STAT3 signaling, inducing apoptosis of murine 
MDSCs (Kodumudi et al. 2010). Furthermore, according to 
Hu, downregulation of tumor-associated MDSC capacity is 
mediated by ARG-1 and ins pathway inhibition (Hu et al. 
2020). We establish that docetaxel treatment may trigger a 
decrease of quantity of MDSCs in peripheral blood, indicat-
ing advancement of the preponderantly suppressing tumor 
microenvironment. Generally, the collaborative effects 
mainly ascribed either to the decrease of MDSCs or to the 
gather of other stimulated immune cells regulated by the 
reformed microenvironment must be more explored.

Conclusion

Our data show that the collaborative of PSMA-specific 
CAR-T cells and the chemotherapy drug docetaxel would 
enormously ameliorate antitumor capacity against the cus-
tomary metastatic human prostate cancer liver metastasis 
model and xenograft model in NPG mice. This inspection 
presents a novel method to strengthen the curative effec-
tiveness of adoptive therapy containing CAR-Ts for solid 
tumors, which is unprecedented inclination in CAR-T 
therapy.
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