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ABSTRACT

Background and aim: Prostate cancer is a leading malignant tumor in men, associated with a high rate of
mortality. Androgen deprivation therapy is commonly used to treat prostate cancer, which contributes to
the progression of castration-resistant prostate cancer (CRPC). The current therapy has a low survival rate
in patients with CRPC. Our study aims to develop a novel effective approach for CRPC treatment and
improve survival benefits.
Experimental procedure: CRPC cell line PC-3-Luc expressing luciferase and the CRPC cell line PC-3-IL6-Luc
stably overexpressing IL-6 were used to establish the xenograft tumor mouse model. The tumor was
monitored weekly using Bioluminescence imaging. Infiltrated macrophages were quantified by
fluorescence-activated cell sorting using flow cytometry. IL6 mRNA level was determined using quan-
titative real-time PCR. The protein levels of total STAT3 and phosphorylated STAT3 were determined
using Western blot.
Results and conclusion: Zhoushi Qi Ling decoction (ZQD) treatment significantly reduced PC3 the xeno-
graft tumor progression and the number of infiltrated macrophages when compared with saline treat-
ment. IL6 mRNA level was remarkedly suppressed by ZQD treatment. Notably, the protein level of
phosphorylated STAT3 was significantly decreased in PC3 the xenograft tumor treated with ZQD
compared to saline treatment. Our findings demonstrated that ZQD treatment significantly reduced the
progression of prostate cancer, evidenced by the reduced population of infiltrated macrophages and the
inhibition of the IL6/STAT3 pathway.
© 2023 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

1. Introduction

Prostate cancer is the most common malignant tumor in men,
associating with a high rate of mortality worldwide.! Although
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androgen therapy is the standard treatment for prostate cancer,
most cases will progress to androgen-independent prostate cancer,
also known as castration-resistant prostate cancer (CRPC).> How-
ever, most patients with prostate cancer patients progress to
CRPC.>* Mechanistically, the amplification and hypersensitivity of
androgen receptor, androgen receptor mutant, androgen-
independent receptor activation, etc., could contribute to CRPC.
Docetaxel is the first-line chemotherapeutic treatment for pros-
tate cancer.®” However, the poor survival outcome in patients with
CRPC limits the application of docetaxel.®° Therefore, gaining a
better understanding of mechanisms biologically and
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pathophysiologically of CRPC and developing an effective agent for
prostate cancer treatment and management is urgently needed.

Zhou's "Qi Ling Recipe" is a traditional Chinese medicine pre-
scription developed by the renowned Chinese medicine doctor
Zhou Zhiheng for the treatment of advanced prostate cancer. It has
the potential to slow the progression of CRPC. A previous study has
shown that Zhoushi Qi Ling decoction (ZQD) induces prostate tu-
mor cell apoptosis in patients with PC and who received androgen
deprivation therapy.'®!" In relation to the inhibitory effect on CRPC,
it has been reported that IL6-STAT3 plays an important role in the
progression of PC.> However, the role of ZQD in macrophage
infiltration remain unclear. The mechanistic action of the "Qi Ling
Recipe" needs to be further investigated, which limited the appli-
cation of ZQD in clinical.

Therefore, in this study, we aim to investigate the role of
Zhoushi Qi Ling decoction in the progression of CRPC using a CRPC
cell line derived xenograft tumor mice model. This research will
provide experimental evidence of ZQD for the treatment of prostate
cancer, as well as the superiority of Chinese medicine in anti-tumor
treatment.

2. Methods
2.1. ZQD treatment

The formula of ZQD was described as follows: 9 g of Herba
Leonuri, 12 g of Radix Codonopsis, 15 g of Radix Rehmanniae, 30 g of
Rabdosia rubescens Hara, 15 g of Astragalus mongholicus Bunge, 9 g
of Rhizoma Curcumae Longae, and 9 g of Radix Glycyrrh. The
decoction was made using the 10-function automatic decoction
machine YJD20-GL (20000 cc). ZQD was boiled, and the resulting
liquid extract of 200 mL was packed into two vacuum-sealed con-
tainers (100 mL in each container). According to the clinical dosage
of the traditional Chinese medicine prescription, the equivalent
dose of the rat was calculated, and the decoction of 10 times the
equivalent dose of "Qi Ling prescription” was given by gavage daily
at a concentration of 10 mL/kg body weight. After PC3-Luc or PC3-
IL6-Luc tumors transplanted, the drug was administered daily till
the end of the experiment. The control group was given 0.9% saline
intragastrically.

2.2. Tumor xenografts

Male 8-week-old severe combined immunodeficient (SCID)
mice underwent anesthesia (ether inhalation). After the longitu-
dinal incision of the abdomen, opened the peritoneum. The root of
the seminal vesicle on the dorsal side of the bladder root was the
prostate tissue. The testicular led on both sides of the bladder, both
testicles were removed. Two types of cells, the CRPC cell line PC-3-
Luc expressing luciferase and the CRPC cell line PC-3-IL6-Luc stably
overexpressing IL-6, were mixed with Matrigel (Biocoat, US) at a
ratio of 1:1 and placed on ice. 20 pl of total amount of cells 1 x 10°
of tumor cells were injected in the prostate of each mouse. The tip
of an insulin syringe was used to gently pierce the prostatic capsule.
Mice were put it back to the original cage. Saline (0.9%, intra-
gastrically, daily), ZQD (10 mL/kg body weight, intragastrically,
daily) or docetaxel (RP56976, Selleck, 5 mg/kg body weight, twice
per week, i.p. injection) was given to mice after tumor trans-
plantation according to divided groups. BLI was performed weekly
to detect tumor burden. At day 35 tumor tissue were collected for
further analysis.

2.3. Cell culture

Human prostate cancer cell lines PC3 were cultured with RPMI-
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1640 or DMEM medium supplemented with 10% fetal bovine
serum, 1% penicillin and streptomycin (Gibco, Grand Island, NY).
Cultured in the incubator (5% CO3, 37 °C).

2.4. Bioluminescence imaging

The mice were weighed every three days and their tumors were
measured by bioluminescence imaging weekly."> D-luciferin
(150 mg/kg body weight, Thermo Fisher) was injected into the
abdominal cavity, and the mice were anesthetized by isoflurane
and imaged with the PerkinElmer IVIS Lumina XR in vivo imaging
system. The track of PC3-Luc or PC3-IL6-Luc the xenograft growth
was kept. At the end of experiment, the mice were euthanized, and
the tumor was removed and stored in —80 °C for further analysis.

2.5. PC3-IL6-Luc cell line

PC3 cells were transfected with Lentiviral luciferase plasmid
(LPP-Hluc-Lv201-100, GeneCopoeia, Guangzhou, China) or the
commercial recombinant plasmid of IL6 and the non-targeting
control plasmid according to the manufacturer's protocol.

2.6. Western blot

60 g of total proteins were loaded and analyzed with the anti-
bodies listed. GAPDH was used as an internal control. The ECL the
ImageMaster Il scanner was then used to visualize protein bands.
The antibodies included anti-GAPDH (1:5000, CST), anti-Cleaved
Caspase 3 (1:2000, CST), anti-Stat3 (1:2000, CST), anti-p-Stat3
(1:1000, CST), and anti-Ki67 (1:1000, Abcam). The blots were
analyzed with ImageQuant TL v2003.03 software (GE Healthcare).
The results were expressed as a fold-change of target protein to
GAPDH.

2.7. Immunohistochemistry

Tumor tissues were fixed in 10% formalin and embedded in
paraffin. Tissue then was sectioned and incubated with Ki67
(1:2000, Abcam) and p-STAT3 (1:2000, CST) antibody.

2.8. ELISA

After homogenizing the tissues in ice-cold cell lysis buffer, they
were then centrifuged at 1500 g for 15 min. The supernatants were
collected and the levels of IL-6 were determined using corre-
sponding ELISA kit (ab178013, Abcam).

2.9. QPCR

Total RNA was extracted from xenograft tumors using TRIzol
reagent (Invitrogen, Waltham, MA USA). Following, the RNA was
reversely transcribed to cDNA using the PrimeScript reagent kit
(Takara, Dalian, China). Then, the real-time PCR was performed
using ABI Quant Studio 7 Flex Real-time PCR system (Applied Bio-
systems, USA). AACt method was used to calculate the relative
expression of target genes expression. The primer sequences were
listed as follows:

IL6:

(forward) ACTCACCTCTTCAGAACGAATTG,

(reverse) CCATCTTTGGAAGGTTCAGGTTG.

GAPDH:

(forward) GGAGCGAGATCCCTCCAAAAT,

(reverse) GGCTGTTGTCATACTTCTCATGG.
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2.10. Statistical analysis

The significant difference was analyzed using Student's t-test,
two way-ANOVA in GraphPad prism 7. Error bar represents
mean + SD. It was considered statistically significant when p < 0.05.

3. Results
3.1. ZQD inhibits the progression of PC3 prostate cancer in vivo

To determine the effect of ZQD on the progression of PC3
prostate cancer, we first compared the efficacy of ZQD and doce-
taxel, a standard therapy drug for prostate cancer, in sensitive cell
line PC3 xenograft tumor model. The results revealed that ZQD
showed more effective on PC3 tumor in vivo (Fig. S1), which sug-
gested the utilization potentiality in clinical treatment for prostate
cancer. Further, we measured tumor burden by bioluminescence
imaging weekly. We found that tumor burden was significantly
reduced by the treatment with ZQD throughout 35 days when
compared with saline-treated (Fig. 1A, P < 0.001). In parallel, tumor
weight was significantly decreased by the treatment with ZQD
compared to the saline-treated group (Fig. 1B, P < 0.001). Next, we
evaluated the survival rate. As shown in Fig. 1C, ZQD improved
survival from 0 to 50% at 60 days after PC3 prostate tumor injection
(Fig. 1C, P < 0.001). Overall, these data suggest that ZQD could
inhibit the growth and progression of PC3 prostate cancer.

3.2. ZQD decreases the proliferation but promotes apoptosis of PC3
cells in vivo

To further determine the effect of ZQD on the proliferation of
PC3 prostate cancer cells in the xenograft tumors, we measured PC3
cancer cells with cell proliferation biomarker Ki67 and cell
apoptosis executioner cleaved caspase 3. As shown in Fig. 2A and B,
the number of Ki67 positive PC cells was significantly reduced by
ZQD treatment (P < 0.001). In contrast, the cleaved caspase 3 pro-
tein expression level was significantly increased in ZQD treated
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group (Fig. 2C and D). These results suggest that ZQD inhibits PC3
proliferation and promotes PC3 cell apoptosis in vivo.

3.3. ZQD regulates IL6-STAT3 signaling in PC3 the xenograft tumor

The signal transducer and activator of transcription 3 (STAT3)
plays a critical role in responding to cell growth and apoptosis.
STAT3 can be activated by phosphorylation in response to cytokines
such as IL5 and IL6. In our study, we measured total and phos-
phorylated STAT3 in PC the xenograft tumor using Western blot and
IHC. It was found that ZQD significantly reduced pSTAT3 protein
level when compared with the saline-treated group (Fig. 3A, B, and
3C, P < 0.01). Similarly, mRNA and protein level of IL6 was
remarkedly lower in ZQD treated group than the saline-treated
group (Fig. 3D and E, P < 0.01). These results reveal that ZQD in-
hibits PC growth and promotes PC apoptosis by inhibiting the
phosphorylation of STAT3.

3.4. ZQD regulates immune microenvironment of PC3 the xenograft
tumor

To determine whether ZQD could affect the immune microen-
vironment in PC3 the xenograft tumor, we measured macrophage
infiltration in PC3 the xenograft tumors using FACS. As shown in
Fig. 4A, ZQD treatment significantly decreased CD11b + F4/80+
subpopulation (P < 0.05, Fig. 4A and B), indicating that ZQD effec-
tively inhibited macrophage infiltration in PC the xenograft tumor.

3.5. ZQD shows no effects on PC3-IL6-Luc the xenograft tumor

To determine the effect of ZQD on the STAT3/LI6 pathway, we
inject IL6 overexpressed PC3 tumor into the mice. Tumor burden
revealed that no significance was observed between the saline and
ZQD treated group (Fig. 5A). In consistent with tumor burden re-
sults, tumor weights at day 35 showed no difference between the
saline and ZQD group (Fig. 5B). Similarly, the survival rate in ZQD
treated group was reduced to the level of saline group (Fig. 5C).
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Fig. 1. ZQD inhibits the progression of PC3 prostate cancer in vivo. PC3-Luc tumor bearing mice were treated with saline or ZQD. (A) The tumor burden was revealed by
bioluminescence imaging weekly. The significant difference of was analyzed using two way-ANOVA. (B) Tumor were removed and tumor weight at day 35 were weighted. 10 mice
per group. The significant difference of was analyzed using t-test. (C) The percentage of survival mice in the two groups. 12 mice per group for survival assay. ***p < 0.001.
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Fig. 2. ZQD decreased the proliferation but promoted apoptosis of PC3 cancer cells in vivo. PC3-Luc tumor bearing mice were treated with saline or ZQD. (A) Tumors were
removed at day 35, then Ki67 protein level was analyzed by IHC. The representative images of Ki67 staining by IHC were shown. (B) The percentage of Ki67" tumor cells in xenograft
tumors were analyzed. (C) Tumors were removed at day 35, then cleaved Caspase3 protein level was analyzed by Western blot. The representative images of cleaved Caspase3 were
shown. (D) Relative protein level of cleaved Caspase 3 was analyzed. n = 5. The significant difference of was analyzed using t-test. **p < 0.01.

B %1'5 B Saline ) ZQD
saline zaD ¢ —AT— AN R LA AN ey
STAT3 - — 2 1.0 " ** g T RALT L, A W
p g- o < ‘-’.’i o AW o TNT:
STAT3 = a— © 0.5 o = » gt S Y by . p
B =R I RN
GAPDH w— — < W Rg %0 ST 4]
n PRl AR AV g0 um
2 0.0 T v
Saline ZQD
Cs D E
E 1.5 1.5 200
E + g -+ T -4
= ] @ 31
210 210 22
® _@_ Fkk < £8
g Z s e £ 2100 -
£05 v € 0.5 sf
® - 9 © 2 50 ’—%‘
[ = |_$| a2
= 0.0 . : 0.0 . . 0
e Saline ZQD Saline ZQD Saline ZQD

Fig. 3. ZQD modulated IL6-STAT3 signaling in PC3 xenograft tumor. PC3-Luc tumor bearing mice were treated with saline or ZQD. (A) Tumors were removed at day 35, then
PSTAT3 and STAT3 protein level were analyzed by Western blot. And the representative images were shown. (B—C) Protein level of pSTAT3 in tumor were analyzed by IHC, and the
representative images were shown. (D—E) Tumors were removed at day 35, then mRNA (D) and protein (E) level of human IL6 in PC3 xenograft tumors were analyzed by RT-qPCR
and ELISA, respectively. n = 5. The significant difference of was analyzed using t-test. **p < 0.01.
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Fig. 4. ZQD modulated immune microenvironment of PC3 xenograft tumor. PC3-Luc tumor bearing mice were treated with saline or ZQD. (A) Tumors were removed at day 35,
then infiltrated macrophages in tumor (CD11b"F4/80") were analyzed by FACS. The representative images were shown. (B) The statistical results of (A). n = 5. The significant
difference of was analyzed using t-test. *p < 0.05.

infiltrated macrophages CD11b + F4/80+ showed no significant
change between the saline and ZQD-treated group (Fig. 6A and B).
Taken together, after overexpression of IL6, the inhibitory effects of

These results suggest that overexpression of IL6 overwhelmed the
inhibitive effect of ZQD on PC the xenograft tumor. Furthermore, we
measured infiltered macrophages using FACS. We found that the
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Fig. 5. The effect of ZQD on PC3-IL6-Luc xenograft tumors. PC3-IL6-Luc tumor bearing mice were treated with saline or ZQD. (A) The tumor burden was revealed by biolu-
minescence imaging weekly. The significant difference of was analyzed using two way-ANOVA. (B) Tumor were removed at day 35 weighted. 10 mice per group. The significant
difference of was analyzed using t-test. (C) The percentage of survival mice in the two group. 12 mice per group for survival assay. ns, not significant.
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Fig. 6. ZQD had no effect on the immune microenvironment of PC3-IL6-Luc xenograft tumor. PC3-IL6-Luc tumor bearing mice were treated with saline or ZQD. (A) Tumors
were removed at day 35, then infiltrated macrophages in tumor (CD11b*F4/80") were analyzed by FACS. The representative images were shown. (B) The statistical results of (A).

n = 5. The significant difference of was analyzed using t-test. ns, not significant.

ZQD on tumor progression and macrophage infiltration dis-
appeared, indicating that ZQD may regulate the tumor immune
microenvironment by regulating the IL6-STAT3 signaling pathway.

4. Discussion

Prostate cancer accounts for 3—5% of all cancer-related deaths in
men, considering the second most common malignancy (after lung
cancer) in men worldwide.! The common therapy to androgen
deprivation therapy increased the likelihood of progression to
CRPC, which has been identified as advanced prostate cancer.
However, the mechanism of the progression of CRPC remains un-
clear. The discovery and development of an effective and safe
pharmacological agent for the treatment of CRPC is urgently
needed. Our study, for the first time, reported the effect of ZQD on
macrophage infiltration in an in vivo xenograft tumor model. A
xenograft mice model was also used to validate the regulation of
ZQD macrophages that we found in in vitro experiments. Moreover,
we investigated the effect of ZQD on PC3-IL6 transplanted tumors
using PC3 cell lines overexpressing IL6. We found that over-
expressing IL6 in PC3 derived tumors were insensitive to ZQD,
validating that ZQD exerts regulatory effect on macrophages
through IL6.

PC3 cell line derived the xenograft model is a well-established
androgen-independent model to assess tumor growth.'* In our
study, we injected PC3 expressing luciferase into the prostatic
capsule to create PC3 in the xenograft mouse model. Tumors were
imaged weekly. It was found that treatment with ZQD effectively
reduced tumor burden and significantly increased survival rate at
35 days after PC3 tumor transplant when compared with saline
treatment. The efficacy of ZQD was confirmed by the reduction of
proliferation biomarker Ki67 and elevated apoptosis executioner

23

cleaved caspase 3 in the xenograft tumor tissue with the treatment
of ZQD vs. saline. Docetaxel, the first-line chemotherapy for CRPC,
has been demonstrated poor survival outcomes.> A 1006 patients
clinical study showed no significant change in survival when
administrated with docetaxel weekly. However, patients survival
were extended from 17.2 months to 19.2 months when docetaxel
was administrated every three weeks.!® Mitoxantrone, a type II
topoisomerase inhibitor, has been commonly used to manage CRPC.
In the clinical study of 1006 patients were treated with prednisone
twice a day and were randomly assigned to receive docetaxel or
mitoxantrone every three weeks.” Results showed that treatment
with docetaxel significantly improved survival and quality of life in
patients with CRPC when compared with mitoxantrone treatment.’
Notably, there was no significant difference in survival after 3 years
between weekly and every three weeks treatment.'® A novel
treatment or docetaxel-based combination is still needed to over-
come the poor survival benefits of current therapeutical agents.
Macrophage infiltration plays an important role in the tumor
immune microenvironment and contributes to the tumor invasion,
migration, and metastasis.'”'° Macrophages secret cytokines and
growth faction, promoting the alteration of tumor microenviron-
ment.?° The role of macrophage infiltration in tumor microenvi-
ronment inflammation is still unclear. It has been demonstrated
that macrophage infiltration is associated with the progression of
prostate cancer and could serve as a prognostic marker of prostate
cancer.”! It was found that a total number of tumor-associated
macrophages significantly reduced after radical prostatectomy us-
ing quantitative immunohistochemistry.?! In line with the previous
study, we showed that infiltrated macrophages were significantly
reduced by the treatment with ZQD when compared to saline
treatment. These results revealed that ZQD effectively regulates
tumor microenvironment by targeting infiltrated tumor-associated
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macrophages.

STAT3 is a family member of signal transducers and activators of
transcription (STAT), regulating gene transcription. Studies have
shown that STAT3 phosphorylation plays an important role in
promoting cell proliferation and inhibiting cell apoptosis in pros-
tate cancer.’>?> It has been reported that upregulation of chemo-
kines such as CCL2 and CCL4 activates STAT3 and enhances
infiltration macrophages during tumorigenesis.> 2> The IL6/STAT3
pathway in regulating macrophage infiltration remains unclear. It
was found that elevated IL6 level is contributing to the progression
of prostate cancer and the reduction of survival.?® In vitro study has
shown that STAT3 was activated by phosphorylation in PC cells
when treated with IL6.” In the current study, we found that IL6
mRNA level was significantly reduced by the treatment with ZQD.
In line with IL6 results, the phosphorylated STAT3 protein level was
significantly reduced by ZQD. To further investigate the role of ZQD
in regulating IL6/STAT3 pathway, we established a PC3-Luc cell line
overexpressing IL6 and developed PC3-IL6-Luc in the xenograft
tumor mouse model. Results showed that overexpression of IL6
abolished the anti-tumor effects of ZQD. The inhibitive effect of
ZQD on infiltrated macrophages was abolished in IL6 over-
expression PC3 cells in the xenograft tumor. These results further
confirmed that ZQD effectively regulated the immune environment
by suppressing IL6/STAT3 pathway, thereby inhibiting prostate
cancer tumor progression and macrophage infiltration.

There are a few limitations of this study. First, although it is not
the first report on the regulation of IL6-STAT3 signaling by ZQD,'*!!
the mechanisms of inhibition of the IL6/STAT3 pathway by ZQD
need further study in vitro. Lack of studies on normal mice to verify
the effect of ZQD on macrophages as well as other immune cells.
Further studies are also needed on the effect of ZQD on the immune
microenvironment of prostate cancer. Moreover, the role of the IL6/
STAT3 in promoting prostate tumor progression and enhancing
macrophage recruitment needs to be included in further study. In
addition, in the current study, we only compared ZQD with a first-
line standard pharmacological agent docetaxel. In future research,
standard treatments such as, abiraterone acetate and enzalutamide.

5. Conclusion

In conclusion, the presented study demonstrated that ZQD, a
traditional Chinese decoction could effectively inhibit the pro-
gression of CRPC. ZQD treatment significantly reduced the popu-
lation of infiltrated macrophages in PC3 the xenograft tumor.
Additionally, our data showed that ZQD exerts anti-tumor effects
via inhibiting the activation of the IL6/STAT3 pathway. Overall, our
data provided evidence that ZQD could serve as a therapeutic
approach for CRPC treatment.
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