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Abstract.
BACKGROUND: Docetaxel is a yew compound antitumor agent with accurate antitumor efficacy, but its application is limited due
to the high and serious adverse effects, and finding effective combination therapy options is a viable strategy. Immune checkpoint
inhibitors have become hotspots in enhancing anti-tumor immunity by blocking immune checkpoint signaling pathways, but their
response rate to monotherapy use is not high and the efficacy is minimal.
OBJECTIVE: To explore the anti-tumor effects and mechanisms of the combination of PD-1 inhibitors and Docetaxel through in
vivo experiments and develop a feasible combination treatment for the therapy of prostate cancer.
METHODS: Tumor-bearing mice were subcutaneously injected with 0.1 ml RM-1 cells. Treatment were taken when the tumor
growed up to 3 mm, after which the tumor and spleen were removed to test the antitumor effect with Flow cytometric (FACS)
analysis, Immunohistochemistry, Western Blot.
RESULTS: In this experiment, we found that PD-1 inhibitors combined with Docetaxel had a synergistic effect on mouse
prostate cancer, inhibited the growth of prostate cancer, improved survival and reduced adverse reactions, increased spleen and
tumor infiltrative CD4+ and CD8+ T cells, especially in group combination with low-dose Docetaxel, and were related to the
PI3K/AKT/NFKB-P65/PD-L1 signaling pathway.
CONCLUSION: Our study confirms that PD-1 inhibitors in combination with Docetaxel are a viable combination strategy and
provide a safe and effective combination option for the clinical treatment of prostate cancer.
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1. Introduction1

Prostate cancer is one of male malignant tumors,2

ranking second in male incidence rate and fifth in mor-3

tality, which seriously threatens male life and health [1,4

2]. Non-surgical treatments for prostate cancer include5

androgen deprivation therapy (ADT), radiation therapy6

(RT), ablation therapy, chemotherapy, and emerging7

immunotherapies [3]. A previous clinical study showed8

that Docetaxel chemotherapy increased survival and im-9

proved pain and quality of life [4]. However, the tissue10

specificity and side effects of Docetaxel as a first-line11

chemotherapeutic drug at clinical dose still need to be12

solved.13

Tumor immune escape refers to the phenomenon that14

tumor cells grow and metastasize by avoiding being15

recognized and attacked by the immune system through16

various mechanisms [5]. It is an important pathway for17

tumor survival and growth. Studies have shown that18

many cytokines and tumor derived exosomes in the tu-19

mor microenvironment can induce the expression of20

PD-L1 and promote tumor immune escape [6]. PD-21

1 negatively regulates immune responses, leading to22

tumor cells being able to evade immune surveillance23

and being highly resistant to conventional chemother-24

apy. The application of anti-PD-1/PD-L1 antibodies as25

checkpoint inhibitors is rapidly becoming a promising26

treatment for tumors [7]. Blocking the interaction be-27

tween PD-1 and PD-L1 can restore the immune func-28

tion of exhausted CD8+T cells [8]. PD-1 has received29

extensive attention because of its role in inducing T cell30

immune checkpoint response. Therefore, PD-L1/PD-1-31

based immunotherapy can help restore the body’s clear-32

ance of cancer cells, thereby enhancing the killing effect33

of Docetaxel on cancer cells. However, some studies34

have found that Docetaxel treatment can upregulate the35

expression of NFKB-P65, and then upregulate the level36

of PD-L1 in cancer cells, affect the immune escape of37

tumor cells, and play an important role in chemotherapy38

resistance [9]. Previous studies have confirmed that the39

PI3K/AKT signaling pathway plays an important role40

in the development of cancer [10]. The activation of41

PI3K/AKT/NFKB signaling pathway in prostate can-42

cer is negatively associated with patient biochemical43

progression and survival, and it is a possible predicted44

target of cancer recurrence, and is closely related to45

prognosis [11].46

It’s meaningful to explore the mechanism of the com-47

bination treatment of prostate cancer in mice. The pur-48

pose of this study is to use the PD-1 inhibitor Cam-49

relizumab in combination with Docetaxel, a first-line50

chemotherapy drug, to observe its effect on experimen- 51

tal treatment of prostate cancer in vivo and impact on 52

immune function, and try to explain this kind of syn- 53

ergetic anti-tumor effcet through PI3K/AKT/NFKB- 54

P65/PD-L1 signaling pathway, as to provide a theoret- 55

ical and experimental basis for new ideas to clinical 56

treatment of prostate cancer. 57

2. Materials and methods 58

2.1. Materials 59

2.1.1. Mouse and cell line 60

Mouse RM-1 prostate cancer cell line was purchased 61

from Shanghai cell bank of Chinese Academy of Sci- 62

ences; C57BL/6 mice were purchased from Hunan 63

slaker Jingda experimental animal Co. All animals were 64

raised under standard conditions: temperature (23 ± 65

2)◦C, relative humidity 50% ∼ 65%. The light fol- 66

lows the natural law, drinking and eating freely, and the 67

padding is changed every 3–4 days. 68

2.1.2. Drugs and reagents 69

The RMPI1640 culture medium was purchased 70

from Dalian Meilun Biotechnology (catalog num- 71

ber: MA0215-Oct-13G, Changsha, Hunan). The Fe- 72

tal Bovine Serum was purchesed from WISENT 73

Corporation (catalog number: 086150001, Nanjing, 74

Jiangsu). The Penicillin G potassium salt, Streptomycin 75

sesquisulfate and TRYPSIN were purchased from So- 76

larbio (catalog number: 109D024, 3810-74-0, Beijing, 77

China). The Red Blood Cell Lysis Buffer was purchased 78

from Boster Biological Technology (catalog number: 79

NH4CL2009, Changsha,Hunan). PD-1 inhibitor Car- 80

relizumab for injection was perchased from SUNCA- 81

DIA BIO PHARMACEUTICALS CO., Ltd (catalog 82

number: 202106070F, Suzhou, Jiangsu). Docetaxel for 83

injection was perchased from Yangzijiang Pharmaceuti- 84

cal Group Co., Ltd (company name: Yangzijiang Phar- 85

maceutical Group Co., Ltd, catalog number: 21070911, 86

Taizhou, Jiangsu). 87

2.1.3. Antibodies 88

Anti-Mouse CD4 FITC (catalog number: 89

350042U025) and Anti-Mouse CD8a FITC (catalog 90

number: 351886U025) were purchased from Tonbo 91

BioSciences. PI3 Kinase p85 (19H8) Rabbit mAb 92

(catalog number: 6), AKT(pan)(11E7) Rabbit mAb 93

(catalog number: 3) were purchased from Cell signaling 94

technology. Anti-NF-kB p65 Rb pAb (company name: 95
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Wanleibio, catalog number: NO7111273), Anti-P-NF-96

kB p65 Rb pAb (company name: Wanleibio, catalog97

number: NO8242169), Anti-BCL2 Rb pAb (company98

name: Wanleibio, catalog number: N10091556) and99

Anti-BAX Rb pAb (company name: Wanleibio, cata-100

log number: NO9201637) were purchased from Wan-101

leibio. Anti-PD-L1 Rabbit pAb (company namečžSer-102

vicebio,catalog number: AC220523073) was purchased103

from Servicebio. Beta Actin (catalog number: JJ1231)104

was purchased from Zen Bioscience.105

2.2. Methods106

2.2.1. Cell culture107

RM-1 cells were placed in RPMI1640 culture108

medium containing 10% bovine serum (FBS) and dou-109

ble antibodies, cultured in a cell incubator at 37◦C110

and 5% CO2. When the growth density of RM-1 cells111

reached about 80%, they were digested and passaged112

with 0.25% trypsin for subsequent experiments.113

2.2.2. Construction of mouse prostate cancer model114

RM-1 cells cultured to logarithmic phase were col-115

lected and resuspended in sterile PBS to prepare 1 ×116

106/ml cell suspension. Male C57BL/6 mice of 6–8117

weeks old and weighing 18–20 g were subcutaneously118

injected with 0.1 ml of each mouse. After about two119

weeks, tumors formed, and the tumor formation rate120

reached 100%. Tumor measurements were made daily121

with vernier calipers after tumorigination, and treatment122

was started when the tumor diameter reached 3 mm.123

2.2.3. Experiment grouping and processing124

The experimental group included 8 mice per group:125

Control (PBS), Docetaxel (10 mg/kg), PD-1 inhibitor126

(200 µg/mouse), Combine 1 (PD-1 inhibitor 200127

µg/mouse + Docetaxel 10 mg/kg), and Combine 2 (PD-128

1 inhibitor 200 µg/mouse + Docetaxel 5 mg/kg). All129

of the above drugs were injected intraperitoneally, once130

every three days, in which the combination group first131

received the PD-1 inhibitor intraperitoneally, and Do-132

cetaxel was given 30 minutes later. Tumor length was133

measured once daily during treatment, according to tu-134

mor volume = long diameter * short diameter2/2. Mice135

were sacrificed three times after drug administration,136

and tumors were isolated and weighed.137

2.2.4. Flow cytometricFACSanalysis 138

The freshly removed spleen was ground with red 139

blood cell lysate, and a single cell suspension was made 140

by centrifugation, diluted to 1 × 107 cells/ml, and Anti- 141

Mouse CD4 FITC and Anti-Mouse CD8a FITC were 142

added for staining. After light avoidance reaction for 143

30 min, antibodies were washed and resuspended with 144

flow tubes and tested by machine. All samples were 145

analyzed by Novocyte flow cytometry and FlowJo10 146

software. 147

2.2.5. Immunohistochemistry (IHC) 148

The extracted tumor tissue was embedded by paraffin 149

into tissue wax blocks. After deparaffinzing and rehy- 150

drating the paraffin section, Antigen retrieval, Block- 151

ing endogenous peroxidase activity. Serum sealing, Pri- 152

mary antibody incubation with PD-L1, CD4 and CD8, 153

Secondary antibody incubatio, DAB chromogenic reac- 154

tion, Nucleus counterstaining, Dehydration and mount- 155

ing, we visualize staining of tissue under a microscope, 156

acquisitive and analysis image. The nucleus of hema- 157

toxylin stained is blue, and the positive expression of 158

DAB is brownish yellow.All the images were analysed 159

by Image J. 160

2.2.6. Western Blot 161

The isolated tumor tissue added with cell lysis buffer 162

was homogenated on ice with tissue grinding machine 163

to tissue homogenate with no obvious tissue block and 164

then lysed at 4◦C for 30 min. The well-lysed tissue 165

homogenate was put into a frozen centrifuge and cen- 166

trifuged at 4◦C at 12,000 rpm, and the supernatant was 167

taken as the tumor tissue protein. Protein quantifica- 168

tion was performed by Bradford method.Mixed the su- 169

pernatant with 0.01 M PBS, 5 × Loading Buffer, and 170

then put the mixcure into boiling water for 5 min af- 171

ter blending. The prepared protein samples were sub- 172

jected to western blot in 10% separation gel and 5% 173

concentrated gel, incubated overnight with Anti-NF-kB 174

p65, Anti-P-NF-kB p65 Rabbit pAb and Anti-PD-L1 175

Rabbit pAb, and protein bands were visualized with the 176

AlphaImager HP gel imaging system. All results were 177

analyzed with the Image J software. 178

2.2.7. Statistical analysis 179

Graphpad prism version 8.0.2 software was used for 180

statistical processing. Data were expressed as mean ± 181

SD and analyzed by one-way ANOVA. With P < 0.05 182

as the difference, there was statistical significance. 183



co
rre

cte
d p

roo
f v

ers
ion

Galley Proof 25/01/2024; 15:10 File: cbm–1-cbm230090.tex; BOKCTP/ljl p. 4

4 S. Zhou et al. / PD-1 inhibitor combined with Docetaxel exerts synergistic anti-prostate cancer effect in mice

Fig. 1. PD-1 inhibitor combined with Docetaxel inhibited tumor development. (A) After successful tumor implantation, the long and short
diameters of tumor were measured daily with vernier calipers. Tumor volume = long diameter * short diameter 2/2 was used to calculate the
change of tumor volume with treatment time.All the data were presented as means ± SD (n = 6). ∗P < 0.05; ∗∗P < 0.01 (versus Model group,
One-way ANOVA test followed by Tukey’s multiple comparisons test). (B) When the treatment finished, tumors were stripped from the back of
the mice, and weighed with a ten-thousandth scale. The final tumor weight was showed in the way of column chart. All the data were presented
as means ± SD (n = 6). ∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.001(versus Model group, One-way ANOVA test followed by Tukey’s multiple
comparisons test). (C) With the record of tumor weight, the tumor growth inhibition rate (TGI) were calculated by TGI = 1 – tumor weight/control
group tumor weight, as showed in the column chart. All the data were presented as means ± SD (n = 6). ∗∗∗P < 0.001(versus Model group,
One-way ANOVA test followed by Tukey’s multiple comparisons test). ##P < 0.01 (Combine 2 group versus Model group, One-way ANOVA
test followed by Tukey’s multiple comparisons test).

3. Results184

3.1. PD-1 inhibitor combined with Docetaxel inhibited185

tumor development186

To evaluate the efficacy of PD-1 inhibitor combined187

with Docetaxel in the treatment of prostate cancer in188

mice, we determined the dosing schedule according to189

the drug label dose conversion and tracked the changes 190

in body weight and tumor volume during the treatment. 191

After three courses of drug treatment, the mice were 192

sacrificed by cutting their necks, and the tumor, spleen, 193

liver and kidney tissue were removed for subsequent 194

test. 195

We made the mice tumor growth curve in the process 196

of treatment according to the experimental mice tumor 197
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volume changes over time to prove the consistent anti-198

tumor effect.It can be seen that during the treatment, the199

growth speed of the mice tumor was slowed down after200

given PD-1 inhibitor and DTX alone, and in the group201

combine 1 and combine 2 showed a better inhibition202

result compared to other groups, which meant that the203

combination of these two drug can obviously play a204

synergistic anti-tumor-growth effect (Fig. 1A).205

At the end of the experiment, we tripped down the206

tumor and record the weight, calculate the tumor inhibi-207

tion rate = 1-tumor weight/control group tumor weight.208

The results showed that PD-1 inhibitor Camrelizumab209

and Docetaxel used alone can reduce tumor weight,210

and indicate a stronger effect after joint together, espe-211

cially the half dose of Docetaxel combined with PD-1212

inhibitor (Fig. 1B & C).213

3.2. PD-1 inhibitor combined with Docetaxel214

improved survival in mice without significant215

toxicity216

We performed survival analysis on the death of the217

mice, and it was not difficult to see that the untreated218

control group had a high mortality rate to more than219

50% at the end of the experiment. However, drug220

treatment improved the survival rate of mice, from221

lower than 40% to about 70% and the most significant222

prolonged survival time was in the combine 2 group223

(Fig. 2A).224

According to our record of the mice body weight225

throughout the whole treatment, the weight of the226

mice continued to increase, but with no difference be-227

tween the groups (Fig. 2B). Then we calculated the vis-228

ceral index = liver weight/body weight, spleen index229

weight/body weight, renal index = kidney weight/body230

weight to check if there is poisonal adverse effect in231

mice organ, and find no difference between groups on232

each viscera index (Fig. 2C). The above data showed233

that our dosage regimen is tolerant, with no obvious234

toxicity in the weight of mice and the spleen, liver,235

kidney, whcin means our combination treatment can236

improved the survival time.237

All the above results indicate that the combination of238

PD-1 inhibitor and Docetaxel administration regimen239

is safe and effective, which has little effect on the phys-240

iological state of mice, and can effectively inhibit the241

progression of tumor and improve the survival rate of242

mice. Especially when the dose of docetaxel is reduced243

by half, the combination effect can achieve the best.244

3.3. PD-1 inhibitor combined with Docetaxel 245

enhanced the proportion of CD4+ and CD8+T 246

cells in spleen 247

It has been shown that Docetaxel group can affect 248

the proliferation of spleen CD4+ and CD8+T cells, and 249

PD-1 inhibitor combined with Docetaxel can enhance 250

the function of immune cells in cancer models, and play 251

a powerful anti-tumor effect on [12]. PD-1 inhibitors 252

inhibit tumor immune escape by blocking PD-L1/PD-1 253

binding. Among other cancers, PD-1 inhibitors rely on 254

CD8+T cells to exert antitumor effects [13]. 255

Therefore, to test the effects of CD4+ and CD8+T 256

cells in the spleen of tumor-bearing mice after drug 257

treatment, we demonstrated that PD-1 inhibitor com- 258

bined with Docetaxel upregulated CD4+ and CD8+T 259

cells by Flow cytometry and Immunohistochemical 260

staining method.In the combine 2 group,there was an 261

obvious increase in spleen CD4+T cells from 8.3% to 262

14.2%, and the number of spleen CD8+T cells raised 263

from 5.06% to 9.18%,which meant the amount of this 264

two kind T cells were upregulated almost twice time. In 265

another word, PD-1 inhibitor combined with Docetaxel 266

can enhance the immune function by upregualated 267

the proportion of CD4+ and CD8+T cells in spleen 268

(Fig. 3A & B). As we can see from the results, the 269

spleen CD4+ and CD8+T cells in tumor-bearing mice 270

was low due to the development of prostate cancer, 271

which may be a result of disordered of immuesystem 272

in cancer. After given the treatment of PD-1 inhibitor 273

Camrelizumab and chemotherapy Docetaxel, there was 274

a upregulation trend in the spleen CD4+ and CD8+T 275

cells, and that kind of increasing effect was matched to 276

the anti-tumor effect (Fig. 3C & D). 277

3.4. PD-1 inhibitor combined with Docetaxel 278

decreased tumor PD-L1 expression and increases 279

tumor-infiltrating CD4+ and CD8+T cells 280

The interaction of PD-L1 and its receptor PD-1 on T 281

cells inactivates the anti-tumor immune response, and 282

PD-L1 expression concerns with poor prognosis [14]. 283

It has been found that Docetaxel upregulates PD-L1 284

expression and induces drug resistance and immune 285

escape [15]. Thus, PD-1 inhibitor combined with Doc- 286

etaxel may reverse the PD-L1 overexpression caused by 287

Docetaxel and enhance the antitumor effects by block- 288

ing the PD-L1/PD-1 axis. We analyzed the expression 289

of PD-L1 in tumor by immunohistochemistry and found 290

that the Docetaxel monotherapy group upregulated PD- 291

L1 expression in tumor tissue. This kind of results may 292
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Fig. 2. PD-1 inhibitor combined with Docetaxel improved survival in mice without significant toxicity. (A) During the treatment process, the death
number and date was recorded.According to the data, the survival of mice over the time was presented as a percentage by the survival curve. (B)
To test if the treatment dosage affected the mice body weight, we tracted the body weight over the time,and the results were showed with the
body weight-time curve. (C) The weight of liver, spleen and kidney were recorded with body weight to figure out if our therapy would induce the
tumidness toxicity of the organ. The visceral index was calculated by Liver index = liver weight/body weight, Spleen index weight/body weight,
Renal index = kidney weight/body weight.All the data were presented as means ± SD (n = 8). There was no statistical significance with p >
0.05 versus each group.



co
rre

cte
d p

roo
f v

ers
ion

Galley Proof 25/01/2024; 15:10 File: cbm–1-cbm230090.tex; BOKCTP/ljl p. 7

S. Zhou et al. / PD-1 inhibitor combined with Docetaxel exerts synergistic anti-prostate cancer effect in mice 7

Fig. 3. PD-1 inhibitor combined with Docetaxel enhanced the proportion of CD4+ and CD8+T cells in spleen. (A) Spleens were harvested after
mice being sacrificed. The spleen tissue was then grind to a uniform splenocyte suspension with a 40 µm cell sieve, then the red blood cells were
lysed with red blood cell lysate. After the single-cell suspension at a concentration of 1 × 106 cell/ml was prepared, Anti-Mouse CD4 FITC
was added for reaction for 30 min, and then placed in flow cytometry for detection. All the data were presented as means ± SD (n = 3). ∗P <
0.05 (versus Model group, One-way ANOVA test followved by Tukey’s multiple comparisons test). (B) After the spleens were prepared as a
single cell suspension at 1 × 106 cell/ml as described abcve, Anti-Mouse CD8a FITC were added for reaction for 30 min and then placed in flow
cytometry for detection. All the data were presented as means ± SD (n = 3). ∗∗P < 0.01(versus Model group,One-way ANOVA test followed by
Tukey’s multiple comparisons test). #P < 0.05; ##P < 0.01 (versus Combine 2 group, One-way ANOVA test followed by Tukey’s multiple
comparisons test). (C) Spleens of other mice were removed and fixed with 4% paraformaldehyde for 24 hours. The fixed tissues were embedded in
paraffin and cut into 4 µm thin sections on a paraffin microtome for immunohistochemical experiments. After dewaxing, antigen repair, blocking
endogenolus peroxidase, serum sealing and CD4 antibody incubation, DAB chromogenic reaction, nucleus counterstaining, dehydration and
mounting were performed. The prepared sections were examined under the microscope, and images were collected and analyzed by Image J.All
the data were presented as means ± SD (n = 3). ∗P < 0.05; ∗∗∗P < 0.001(versus Model group, One-way ANOVA test followed by Tukey’s
multiple comparisons test). ####P < 0.01(versus Combine 2 group, One-way ANOVA test followed by Tukey’s multiple comparisons test). (D)
Following the procedure described above, CD8 antibodies were added during antibody incubation. The preparedsections were examined under
the microscope, and images were collected and analyzed by Image J.All the data were presented as means ± SD (n = 3). ∗∗P < 0.01(versus
Model group, One-way ANOVA test followed by Tukey’s multiple comparisons test). #P < 0.05(versus Combine 2 group, One-way ANOVA test
followed by Tukey’s multiple comparisons test).
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convey a message to us that high dose of Docetaxel293

may cause a adverse effect due to its increase in PD-1294

inhibition. However, this upregulation was reversed by295

PD-1 inhibitor combined with Docetaxel and inhence296

exerted a better anti-tumor effect by blocking PD-L1,297

especially in the regimen of the combined group 2, this298

reversal was more obvious, consistent with the results299

of tumor volume growth changes (Fig. 4A).300

PD-1 plays a crucial role in suppressing immune re-301

sponses and promoting self-tolerance by regulating T-302

cell activity, activating antigen-specific T-cell activity,303

and inhibiting regulatory T-cell apoptosis [16]. Immune304

checkpoint inhibitors can block PD-1 to restore T cell305

proliferation and function. It has been shown that Doc-306

etaxel combined with immunotherapy can significantly307

increase CD4+ and CD8+ T cells in tumor and blood,308

reduce tumor metastasis, and play a better anti-tumor ef-309

fect [17]. Therefore, in our experiments, invasive CD4+310

and CD8+T cells in tumor tissue were detected by Im-311

munohistochemistry (Fig. 4B & C). The pathological312

test results showed that the immune function in un-313

traeted mice decreased due to the tumor growth, so the314

survival status of tumor-bearing mice was bad. After315

different treatment, the tumor-infiltrating CD4+ and316

CD8+T cells improved at some degree. It’s clearly that317

compared to monotherapy of Docetaxel and PD-1 in-318

hibitor Camrelizumab used alone, PD-1 inhibitor com-319

bined with Docetaxel can further strengthen the recruit-320

ment effect of immune cells in tumor tissues, restore321

the number of CD4+ and CD8+T cells and enhance the322

mouse immune system.323

3.5. PD-1 inhibitor combined with Docetaxel exerted324

synergistic effects by inhibiting the325

PI3K/AKT/NFKB-P65/PD-L1 signaling pathway326

The above experimental data presented in this study327

have confirmed the good synergistic anticancer effect328

of PD-1 inhibitor combined with Docetaxel at both329

the animal and tissue level, and the possible mecha-330

nism of the synergistic effect will be explored at the331

molecular level next. Previous studies have confirmed332

that the activation of NFKB is associated with the bio-333

chemical progression of prostate cancer, and blocking334

NFKB expression may be a therapeutic target to in-335

hibit prostate cancer proliferation [18,19]. We exam-336

ined the PI3K, P-AKT, AKT, P-NFKB-P65, NFKB-337

P65, PD-L1, BCL2 and BAX expression in the tumors338

by western blot to see the possible signaling pathway339

of their synergistic effects in combination treatment340

(Fig. 5A). The results showed that compared to Model341

group, Docetaxel alone induced higher PI3K, P-AKT, 342

AKT, P-NFKB-P65, NFKB-P65, PD-L1, BCL2 and de- 343

creased BAX expression, which probably caused drug 344

resistance or immune escape while causing anti-tumor 345

effect at the same time, but other groups can progress 346

the apoptosis protein of the tumor and inhibite the clas- 347

sic PI3K/AKT/NFKB-P65 signaling pathway (Fig. 5B 348

& C & D). Besides, in the combine groups, PD-1 in- 349

hibitor combined with Docetaxel reversed the results of 350

Docetaxel activeation of PI3K/AKT/NFKB-P65/PD-L1 351

axis and showed superior inhobitory results, which may 352

explain why it’s workable to exerted synergistic anti- 353

tumor effects, and this kind of reversation was more 354

obvious (Fig. 5E & F & G). 355

4. Discussion 356

Docetaxel is a taxel compound with broad-spectrum 357

antitumor activity [20]. In two prospective phase III 358

trials, Docetaxel showed obvious survival benefits, and 359

the median survival of patients was prolonged. Doc- 360

etaxel was approved by FDA as a first-line chemother- 361

apy drug [21,22]. Some other studies have found in 362

other cancer patients that the combination of immuno- 363

suppressants and chemotherapy drugs can effectively 364

prolong the progression free survival rate and the 365

overall survival rate without increasing toxicity [23]. 366

Tuyen et al. [24] found that the combined treatment of 367

chemotherapy drug gemcitabine and PD-1 inhibitor in 368

liver cancer mice was helpful to enhance the immune 369

response and significantly prolong the median survival 370

time. The results of this in-vivo study demonstrated 371

that PD-1 inhibitor combined with Docetaxel is a safe 372

and effective combination therapy for prostate cancer 373

in mice. This regimen can synergistically inhibit the 374

tumor growth rate of tumor-bearing mice, promote the 375

killing effect of mouse immune system on tumor, and 376

significantly prolong the survival time of mice without 377

affecting body weight and visceral poison. 378

In recent years, immune checkpoint inhibitors (ICIS) 379

targeting the PD-1/PD-L1 axis have become one of the 380

main directions of cancer immunotherapy to reverse 381

immunosuppression and restore the antitumor activity 382

of the immune system [25]. However, at present, the 383

effect of immunotherapy for this cancer is limited, and 384

only 15% ∼ 30% of patients could have a good re- 385

sponse [26]. Studies have shown that in some cancer 386

patients treated with anti-PD-1 monoclonal antibodies, 387

cancer progression is rapid rather than cancer regres- 388

sion [27]. However, it has been found in other stud- 389
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Fig. 4. PD-l inhibitor combined with Docetaxel decreased tumor PD-LI expression and increases tumor-infiltrating CD4+ and CD8+T cells. (A)
Tumors were harvested after mice being sacrificed and then fixed with 4% paraformaldehyde for 24 hours.The fixed tissues wereembedded in
paraffin and cut into 4um thin sections on a paraffin microtomefor immunohistochemical experiments.After dewaxing, antigen repair, blocking
endogenous peroxidase, serum sealing and PD-L1 antibody incubaticn, DAB chromogenic reaction, nucleus counterstaining, dehydration and
moounting were performed. The prepared sections were examined under the microscope, and images were collected and analyzed by Image J.All
the data were presented as means ± SD (n = 3). ∗∗P < 0.01; ∗∗∗P < 0.001 (versus Model group, One-way ANOVA test followedby Tukey’s
multiple comparisons test. (B) Following the procedure described above, CD4 antibodies were added during antibody incubation.The prepared
sections were examined under the microscope, and images were collected and aralyzed by Image J. All the data were presented as means ±
SD (n = 3). ∗∗P < 0.01; ∗∗∗P < 0.001 (versus Model group, One-way ANOVA test followed by Tukey’s multiple comparisons test). #P <
0.05;###P < 0.01(versus Combine 2 group, One-way ANOVA test followed by Tukey’s multiple comparisons test). (C) Following the procedure
described above, CD8 antibodies weree added during antibody incubation. The prepared sections were examined ulnder the microscope, and
images were collected and analyzed by Image J. All the data were presented as means ± SD (n = 3). ∗∗P < 0.01(versus Model group, One-way
ANOVA test followed by Tukey’s multiple comparisons test).

ies that chemotherapy can upregulate immune check-390

points on the surface of cancer cells under different391

circumstances. Zhang et al. [28] found that chemother-392

apy can induce PD-L1 surface expression in human393

breast cancer cells, thus promoting pd-l1-mediated T394

cell apoptosis, revealing the potential relationship be-395

tween chemotherapy and cancer immune resistance. In396

addition, studies at the cellular and animal levels have397

also shown that chemotherapy can up regulate PD-L1398

expression in head and neck squamous cell carcinoma399

cells and ovarian cancer cells [29,30,31]. In this exper-400

oiment, due to the development of tumor, the immune401

function was disturbed and the CD4+ and CD8+T cells402

in spleen or tumor were exhausted. Using the PD-1403

inhibitor and Docetaxel can improve this condition at 404

some degree but not very strong. After combing PD-1 405

inhibitor and Docetaxel together esapecially with half 406

dose of Docetaxel, there is no doubt that this combina- 407

tion enhanced the function of immune system by up- 408

regulating spleen CD4+ and CD8+T cells and tumor- 409

infiltrating CD4+ and CD8+T cells, which means these 410

two drugs can make up for each other: enhanced effi- 411

cacy while reducing the respective toxicity. 412

In addition, we also found that in high dose Docetaxel 413

group, it will cause the activation of PI3K/AKT/NFKB- 414

P65 /PD-L1 signaling pathway, perhaps may be associ- 415

ated with the development of drug resistance caused by 416

Docetaxel, but this activation in combination groups is 417
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Fig. 5. PD-1 inhibitor combined with Docetaxel exerted synergistic effects by inhibiting the NFKB-P65/PD-L1 signaling pathway. (A) Tumors were
harvested after mice being sacrificed. The prepared protein samples were subjected to western blot in 10% separation gel and 5% concentrated gel,
incubated overnight with Anti-PI3K, Anti-AKT, Anti-BCL2, Anti-BAX, Anti-NF-kB p65, Anti-P-NF-kB p65 Rabbit pAb and Anti-PD-L1 Rabbit
pAb, and prtein bands were visualized with the AlphaImager HP gel imaging system. (B) The gels of PI3K and β-actin were analyzed with the
Image J software (n = 3). ∗P < 0.05; ∗∗P < 0.01(versus Model group, One-way ANOVA test followed by Tukey’s multiple cormparisons test).
##P < 0.01 (versus DTX group, One-way ANOVA test followed by Tukey’s multiple comparisons test). (C) The gels of P-AKT and AKT were
analyzed with the Image J software (n = 3). ∗P < 0.05; (versus Model group, One-way ANOVA test followed by Tukey’s multiple cormparisons
test). #P < 0.05, ##P < 0.01, (versus DTX group, One-way ANOVA test followed by Tukey’s multiple comparisons test). (D) The gels of
P-NFKB-P65 and NFKB-P65 were analyzed with the Image J software (n = 3). ∗P < 0.05 (versus Model group, One-way ANOVA test followed
by Tukey’s multiple cormparisons test). #P < 0.05, ##P < 0.01 (versus DTX group, One-way ANOVA test followed by Tukey’s multiple
comparisons test). (E) The gels of PD-L1 and β-actin were analyzed with the Image J software (n = 3). ∗P < 0.05; ∗∗∗P < 0.001(versus Model
group, One-way ANOVA test followed by Tukey’s multiple cormparisons test). ##P < 0.01 (PD-1 inhibitor group versus Combine 2 group,
One-way ANOVA test followed by Tukey’s multiple comparisons test); ###P < 0.001 (versus DTX group, One-way ANOVA test followed by
Tukey’s multiple comparisons test). (F) The gels of BCL2 and β-actin were analyzed with the Image J software (n = 3). ∗P < 0.05; ∗∗P < 0.01
(versus Model group, One-way ANOVA test followed by Tukey’s multiple cormparisons test). ##P < 0.01, ###P < 0.001 (versus DTX group,
One-way ANOVA test followed by Tukey’s multiple comparisons test). (G)The gels of BAX and β-actin were analyzed with the Image J software
(n = 3). ∗∗P < 0.05 (versus Model group, One-way ANOVA test followed by Tukey’s multiple cormparisons test). #P < 0.05 (versus Combine
2 group, One-way ANOVA test followed by Tukey’s multiple comparisons test).
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reversed, especially when downregulate Docetaxel for418

half dose then combined to PD-1 inhibition, the syn-419

ergistic antitumor effect became more obvious. More420

and more studies have shown that PD-L1 is upregu-421

lated in prostate cancer tissues and is associated with422

poor prognosis [32,33]. Previous studies have identified423

NF-KB as a probal target for prostate cancer therapy424

because it plays a role in tumorigenesis and therapy-425

resistant [34]. The activation of the PI3K/AKT signal-426

ing pathway binds to downstream effectors to control427

protein synthesis, transcription, cell survival, apopto-428

sis, proliferation, autophagy, and metabolism, and plays429

an improtant role in drug resistance mechanisms of430

prostate cancer [35]. Some studies have confirmed that431

this signaling pathway is activated after paclitaxel-type432

chemotherapy treatment to produce drug resistance,433

triggering the cancer cell survival of the anti-apoptotic434

pathway [36,37,38]. NFKB is a downstream signaling435

molecule of the AKT signaling pathway, and its acti-436

vation is PI3K/AKT-dependent [39].Hence it may indi-437

cate us that inhibit the activation of NFKB-P65 could438

be a workable therapy to deal with the drug-resistence439

caused by chenmotherapy.440

Therefore, we established a prostate adenocarcinoma441

model at the animal level, and through the combination442

of PD-1 inhibitors to treat prostate cancer, we blocked443

the interaction between PD-1 and PD-L1, and observed444

whether the adverse reactions caused by the upregula-445

tion of PD-L1 by chemotherapeutic drugs could be re-446

versed. This experiment confirms the synergistic effect447

of the combination of the two in the treatment of mouse448

prostate cancer. Then we test the expression of PI3K,449

AKT, P-NFKB-P65, NFKB-P65, PD-L1 by western450

blot. As the results showed, although the chemother-451

apy Docetaxel used alone induce the upregulation of452

these protein amount, the combine group can reverse the453

drug-fast by decreasing this signaling pathway. That’s454

to say this kind of synergistic effect is actualized by in-455

hibiting PI3K/AKT/NFKB-P65/PD-L1 signaling path-456

way, which may become a key treatment target of the457

prostate cancer. In addition, we tested the expression of458

BCL2 and BAX, which are the key factors of the cell459

apoptosis. BCL2 is a member of anti-apoptotic fam-460

ily, inhibiting apoptosis by blocking pro-apoptotic fam-461

ily members and plays a role in chemoresistance [40].462

The BAX gene is the most important apoptotic gene463

in human body and belongs to the BCL2 gene family.464

The encoded BAX protein can form heterodimers with465

BCL2 and produce an inhibitory effect on BCL2. There466

is study finding that the change expresion of BAX and467

BCL2 is related to the development of prostate can-468

cer [41]. As the western blot results showed, after com- 469

bine treatment, the BAX were upregulated and the anti- 470

apoptotic BCL2 were decreased, which meant a great 471

effect on inducing tumor cell death. 472

This is the first study to explore the anti-tumor ef- 473

fect of PD-1 inhibitor Camrelizumab combined with 474

Docetaxel and the role of PI3K/AKT/NFKB-P65/PD- 475

L1 signaling pathway in the treatment process in mice 476

prostate cancer caused by RM-1 prostate cancer cell. 477

Our experiment revealed that immune-checkpoint in- 478

hibitors: PD-1 inhibitor combined with chemotherapy 479

medicine: Docetaxel can work together to strengthen 480

the anti-tumor results, improve the survival percent- 481

age of mice and bring no toxicity. This synergistic ef- 482

fect is associated with the recover of exhausted CD4+
483

and CD8+T cells by downregulating the expression 484

of PI3K/AKT/NFKB-P65/PD-L1 signaling pathway, 485

and promote the apoptosis of tumor cell. We hope our 486

studey could provide experimental data and research 487

basis for the new clinical treatment scheme for male 488

prostate cancer. 489
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