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Y-320, a novel immune-modulator, sensitizes  
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Abstract: Y-320, a novel immune-modulator, inhibits IL-17 production by CD4+ T cells stimulated with IL-15. Its use in 
autoimmune diseases such as rheumatoid arthritis has been documented. However, no studies have be conducted 
to evaluate its application in cancer treatment either as mono or combined therapy. This study demonstrated that 
while Y-320 had little effect on multidrug resistance (MDR) cell lines, it induced remarkable injury to MDR tumor 
cells when concurrently administered with other chemotherapeutic agents. Concomitant use of Y-320 with a low 
dose of paclitaxel significantly sensitized MDR tumors by inducing G2/M phase arrest and apoptosis. Further analy-
ses indicated that Y-320 was a substrate of P-glycoprotein (P-gp). It could inhibit P-gp efflux function without altering 
P-gp expression, and subsequently reverse P-gp mediated drug resistance in MDR cells. The co-administration of 
Y-320 and paclitaxel suppressed tumor growth remarkably with an inhibition rate of 77.1% compared to 6.5% in the 
paclitaxel monotherapy group in vivo. This co-treatment did not increase extra complications in MDR tumor xeno-
graft models. Particularly, no significant changes in body weight and hepatorenal serology were observed with the 
co-treatment. In conclusion, our results confirm that Y-320 is a promising chemotherapy sensitizer for the first time. 
The co-administration of Y-320 and chemotherapeutic agents might be an effective and low-toxicity chemothera-
peutic regime for the MDR tumor patients.
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Introduction

Chemotherapy is one of the most widely used 
methods for treating malignant tumors. 
However, the extensive use of these agents in 
the clinic has resulted in a growing number of 
problems. Multidrug resistance (MDR) and the 
associated complications related to drug to- 
xicity are of particular concern. Although high 
doses of chemotherapeutic agents play a re- 
markable role in killing tumors, they often 
induce many complications such as myelosup-
pression, weight loss, gastrointestinal dysfunc-
tion, nervous system dysfunction, cardiopulmo-
nary dysfunction, hepatic and renal dysfunc-
tion. These undesirable effects have negatively 
impacted clinical treatment countermeasures 

for malignant and metastatic tumors. Alter- 
natives such as low-dose multi-cycle therapeu-
tic plan can mitigate these adverse reactions 
but can lead to drug resistance in tumors, fur-
ther desensitizing these cells. As a result, bal-
ancing the effectiveness and low-toxicity of 
these agents is critical in the area of clinical 
research.

1-(4-chlorophenyl)-N-[3-cyano-4-(4-morpholin- 
opiperidin-1-yl)phenyl]-5-methylpyrazole-4-car-
boxamide (Y-320), a novel phenylpyrazoleani-
lide immunomodulator [1, 2], can inhibit the 
synthesis of interleukin-17 (IL-17) in CD4+ T cells 
[2]. IL-17 is an inflammatory cytokine with pow-
erful pro-inflammatory properties, mediating 
various autoimmune diseases through diverse 
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mechanisms [3-7]. For example, IL-17 can stim-
ulate interleukin 6 (IL-6) and CXCL1 expression 
which promotes inflammatory responses [3]. 
Studies have shown that collagen-induced ar- 
thritis (CIA) in mice and cynomolgus monkeys 
can be ameliorated with Y-320 by suppressing 
the biosynthesis of IL-17 [2]. Additionally, IL-17 
has been shown to activate Src/PI3K/Akt/(NF-
κB), MAPK, STAT3, and COX-2 pathways and 
participates in tumorigenesis, angiogenesis, 
and metastasis [8, 9]. For instance, the activa-
tion of the STAT3 pathway by IL-17 enhances 
the expression of anti-apoptotic genes such as 
Bcl-2, A1, and Mcl1 [10]. IL-17 can also promote 
the resistance of breast tumors to paclitaxel 
and docetaxel by activating the ERK1/2-STAT3-
Bcl-2 axis signal pathway [11]. Therefore, the 
development of cisplatin resistance in colorec-
tal cancer has also been linked to the expres-
sion IL-17. These findings suggest that inhibit-
ing the function of IL-17 might have a beneficial 
effect on the treatment of malignant tumors. 
Consequently, the development of IL-17 inhibi-
tors such as Y-320 holds promise in the tumor 
treatment strategy. To the best of our knowl-
edge, no study has reported the oncological 
use of Y-320, either as mono or combination 
therapy. Moreover, the therapeutic efficacy and 
molecular mechanism of Y-320 in tumor treat-
ment are not well understood yet. 

In this study, we found that Y-320 exerted little 
effect on various cancer cells at concentrations 
less than 500 nM as monotherapy. Interestingly, 
the co-administering 500 nM Y-320 with cyto-
toxic agents (paclitaxel, vinorelbine, and doxo-
rubicin) remarkably suppressed tumor growth 
in vitro. Co-treatment with a tolerable dose of 
Y-320 notably improved the effectiveness of 
paclitaxel in vivo with minimal systematic toxic-
ity. For the first time, our findings demonstrate 
that Y-320 can be used as a promising drug in 
enhancing the anti-tumor effect of chemothera-
peutic agents. Likewise, the co-administration 
of Y-320 and chemotherapeutic agents might 
be an effective and safe chemotherapeutic 
regime for patients with MDR tumors. 

Materials and methods

Cell culture and mice

BCap37, Bads-200, and Bats-72 cells were 
maintained in RPMI 1640 medium supplement-
ed with 10% fetal bovine serum (FBS), whereas 

Bads-200 was cultured with additional 200 nM 
paclitaxel. Huh7-TS-48 was maintained in mini-
mum essential medium with 10% FBS. Female 
athymic nude (nu/nu) mice aged 4-5 weeks 
were purchased from the Animal Facility of 
Zhejiang University. All animal care and experi-
ments were conducted according to the Gui- 
delines of the Zhejiang University Animal Care 
Committee.

Drugs and treatments

Paclitaxel (injection, 5 mg/mL) was purchased 
from Mead Johnson Co. (Mead Johnson, USA). 
Vinorelbine (1 mg), doxorubicin (50 mg), 5-fluo-
rouracil (100 mg), cisplatin (100 mg) were pur-
chased from Dalian Meilun Biotechnology CO., 
LTD (Meilunbio, China). Y-320 (25 mg) was  
purchased from MedChemExpress Co. (MCE, 
China). Y-320 was dissolved in a mixture of 
alcohol and castor oil in a ratio of 1:1. Cells 
were evenly seeded in various plates or dishes 
in drug-free medium for 24 h. They were then 
treated with various doses of chemotherapeu-
tic agents with or without co-administration of 
Y-320.

MTT assay and colony-forming assay

Cells were harvested and resuspended to a 
final concentration of 104 cells/ml. Aliquots of 
the cell suspension were evenly distributed into 
96-well tissue culture plates. After overnight 
incubation, the designated columns were treat-
ed with various drug regimens. After 72 h incu-
bation, MTT was added to detect cell viability. 
The medium containing MTT was replaced with 
150 μL DMSO in each well to dissolve the 
formazan crystals after 4 h incubation. The 
absorbance in individual wells was determined 
at 570 nm using a microplate reader (Bio-Rad, 
USA). 

Bads-200 cells were seeded into 6-cm dish at a 
density of 400 cells and were maintained with 
different drug regimens for 10 days. The cell 
clones were stained with Crystal Violet (CV). 
After washing the plates with PBS twice, the 
detached cells were fixed by methanol for 10 
minutes and stained with CV for an additional 
10 minutes.

Analysis of cell cycle

Cell cycle distribution was determined by flow 
cytometry. Briefly, after drug exposure for 72 h, 
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both detached and attached cells were har-
vested and washed twice with PBS, followed by 
fixation in 70% ethanol diluted in PBS. Cells 
were then incubated in PBS containing 100 μg/
mL RNase-A and 40 μg/mL propidium iodide 
(PI) at room temperature for 0.5-1 h before flow 
cytometric analysis. Cell cycle distribution and 
DNA content were determined using a Coulter 
Epics V instrument (Beckman Coulter, USA).

Analysis of apoptosis

Annexin V/PI apoptosis detection kit (Beyotime, 
China) was used to detect cell apoptosis 
according to the manufacturer’s instructions. 
Cells were harvested and washed twice with 
PBS after 48 h treatment. They were then sus-
pended in 400 μL of binding buffer, 5 μL of 
Annexin V antibody conjugated with fluorescein 
isothiocyanate (FITC) and 10 μL of PI solution. 
After incubation in the mixture for 15 min at 
4°C in the dark, the percentage of apoptotic 
cells was determined by flow cytometry.

Western blot analysis and antibodies

The Bads-200 cells were collected for western 
blot analysis after different treatments. The 
antibodies were listed as follows: GAPDH 
(db106), CDK1 (db2492), Cyclin B1 (db1172), 
CDK6 (db807), PKM2 (db2349), PARP (db1841), 
Cle-PARP (db3552), caspase-3 (db2059) from 
Diagbio Technology, LTD. (Diagbio, China); Cle-
caspase-3 (ab2302) was obtained from Abcam 
plc. (Abcam, USA); goat anti-rabbit and goat 
anti-mouse IgG peroxidase-conjugated second-
ary antibodies (31460 and 31430) were pur-
chased from Thermo-Pierce (Rockford, USA). 
Equal amounts (10 μg/lane) of proteins were 
separated on 10% SurePAGE gels (GenScript, 
China) and transferred to polyvinylidene difluo-
ride membranes. The membranes were incu-
bated with the respective antibodies men-
tioned above. After washing with 0.1% (v/v) 
Tween 20 in TBS, the membranes were incu-
bated with peroxidase-conjugated goat anti-
rabbit secondary antibodies followed by 
enhanced chemiluminescence staining. 

Evaluation of therapeutic efficacy in vivo

Bats-72 cells (1*106 cells in 0.1 mL PBS) were 
implanted into the right flanks of the homozy-
gous nude athymic mice (female, 4-5 weeks 
old). Three days after implantation, mice were 

randomly divided into 4 groups and treated 
with different regimens: (i) vehicle; (ii) Y-320 
alone at 5 mg/kg, i.v.; (iii) paclitaxel alone at 15 
mg/kg, i.v.; (iv) combination of Y-320 and pacli-
taxel. The same treatment regimens were 
repeated every 3 days for a total of 6 cycles. 
Two perpendicular diameters [width (W) and 
length (L)] of the tumors, as well as the body 
weight of mice, were measured every 3 days 
until the animals were sacrificed. The tumor vol-
ume (V) was roughly estimated according to the 
following formula: V=(π*L*W2)/6.

After the animals were sacrificed, the tumor tis-
sues were resected and weighed. At the same 
time, livers, kidneys and blood samples were 
harvested. Serum alanine aminotransferase 
(ALT) and creatinine (Cr) levels were measured 
using a Hitachi 7600 automatic analyzer 
(Hitachi, Japan). The inhibition rate (IR) of tumor 
growth was calculated according to the follow-
ing formula: IR=100%* (mean tumor weight of 
the control group-mean tumor weight of the 
experimental group)/mean tumor weight of the 
control group.

Rhodamine 123 efflux assay

Bads-200 cells were incubated with vehicle 
medium, Y-320 or verapamil for 3 h. Afterwards, 
5 μM Rhodamine 123 (Meilunbio, China) was 
added in each group. The cells were then incu-
bated for an additional 0.5 h. After washing 
with cold PBS, the cells were trypsinized and 
resuspended in 400 μL PBS. Intracellular 
Rhodamine 123 (Rh123) fluorescence intensity 
was determined with Coulter Epics V instru-
ment (Beckman Coulter, USA).

P-glycoprotein ATPase activity assay

The P-gp-Glo™ Assay Systems (Promega, USA) 
provided the necessary reagents for perform-
ing luminescent P-glycoprotein (P-gp) ATPase 
assays. The P-gp-Glo™ Assay relied on the ATP-
dependence of the light-generating reaction of 
firefly luciferase, which was a valuable screen-
ing tool for determining if a drug interacted with 
P-gp. This assay system consisted of human 
P-gp/MDR1 membrane and P-gp/MDR1 nega-
tive control membrane fractions, buffers, solu-
tions, and relevant reagents. The effects of 
Y-320 on the ATPase activity of P-glycoprotein 
were measured according to the protocol pro-
vided by the manufacturer.
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Statistical analysis

Results were presented as means ± standard 
errors. The difference was considered statisti-
cally significant at a level of P<0.05 or P<0.01, 
and statistical power was set at 0.80. Student’s 
t-test was used for two-group comparisons, 
and multiple-treatment groups were analyzed 
by one-way analysis of variance (ANOVA). 
Statistical analysis of the data presented was 
performed using SPSS version 22.0 (SPSS, 
USA).

Results

Y-320 reverses the resistance to paclitaxel in 
MDR cancer cells 

The structural formula of Y-320 is shown in 
Figure 1A. We first determined the half-maxi-
mal inhibitory concentration of Y-320 in Bats-
72, Bads-200 and Huh7-TS-48. As shown in 
Figure 1B, Y-320 had little cytotoxicity from 0 to 
500 nM, and the survival rate for each cell line 
was more than 80%. Hence, 500 nM Y-320 was 
chosen to combine with various chemothera-
peutic agents to evaluate the anticancer 
effects. The MDR cell lines Bats-72, Bads-200 
and Huh7-TS-48 are known to be highly resis-
tant to paclitaxel [12, 13]. As shown in Figure 
1C-H, Y-320 could significantly improve the 
cytotoxicity of paclitaxel in three MDR cell lines. 
Compared to paclitaxel alone, the reversal 
index (RI) of Y-320 combined with paclitaxel 
was 5.5 (Bads-200), 9.4 (Bats-72) and 1.7 
(Huh7-TS-48), respectively. These results con-
firmed that adding Y-320 to the regimen signifi-
cantly sensitized MDR cancer cells to paclitax-
el. Furthermore, colony-forming assay was con-
ducted to further determine whether the co-
treatment could improve the cytotoxicity of 
paclitaxel. As shown in Figure 1I, the colony-
forming assay clearly showed that the number 
and size of colonies were drastically reduced in 
the co-treatment group compare with CTL and 
monotherapy groups. These results demon-
strated that Y-320 had remarkably reversal 
effects when combined with paclitaxel or other 
chemotherapeutic agents in MDR cancer cells.

Y-320 enhances paclitaxel-induced G2/M ar-
rest

As depicted in Figure 2A, the morphology of 
Bads-200 did not significantly change after 72 

h treatment with paclitaxel or Y-320 alone. 
However, co-treatment with Y-320 and pacli-
taxel resulted in obviously abnormal morpholo-
gy, evidenced by suspending cells, cytoplasmic 
blebs, and apoptotic bodies. As paclitaxel had 
been shown to cause mitotic arrest and lead to 
apoptosis in various tumor cells [14], we 
explored the effect of this co-treatment on the 
cell cycle as well. Compared with monothera-
pies of 500 nM Y-320 or paclitaxel alone, con-
current treatment of Y-320 and paclitaxel sig-
nificantly increased the percentage of cells at 
G2/M phase, from 6.3% to 42.5% (Figure 2B, 
2C). Furthermore, we also analyzed the levels 
of CDK1, CDK6, PKM2, and Cyclin B1, all of 
which had been shown to have a close correla-
tion with G2/M arrest [15-19]. As shown in 
Figure 2D, the levels of CDK1, CDK6 and PKM2 
were significantly down-regulated while Cyclin 
B1 levels increased in the co-treatment group 
(The Original image of WB scan is shown in the 
Supplementary Figures 1, 2, 3, 4 and 5). In con-
clusion, our results clearly showed that co-
administration with Y-320 could enhance pacli-
taxel-induced G2/M arrest.

Y-320 enhances paclitaxel-induced tumor cell 
apoptosis

Paclitaxel has been closely related to the apop-
tosis of various tumor cells [20, 21], which was 
confirmed by Annexin V/propidium iodide apop-
tosis detection assay. As depicted in Figure 3A, 
3B, the results indicated that co-treatment of 
Y-320 and paclitaxel significantly increased the 
ratio of apoptotic Bads-200 cells compared to 
paclitaxel monotherapy group (30.8% versus 
2.2%, P<0.01). Subsequently, the expression 
level of several regulatory proteins associated 
with apoptosis was analyzed by western blot. 
As shown in Figure 3C, the levels of poly ADP-
ribose polymerase (PARP) and cleavage of cas-
pase-3 were significantly increased in the co-
treatment group (The Original image of WB 
scan is shown in the Supplementary Figures 6, 
7, 8, 9 and 10). In conclusion, this co-adminis-
tration enhanced paclitaxel-induced tumor cell 
apoptosis.

Y-320 is a substrate of P-gp reverses MDR by 
inhibiting P-gp function

In our previous study, we proved that both 
Bads-200 and Bats-72 cell were not only resis-
tant to paclitaxel but also resistant to docetax-
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Figure 1. Y-320 reverses the resistance to paclitaxel in various MDR cancer cells. A. The structural formula of 
Y-320. B. Bads-200, Bats-72 and Huh7-TS-48 were incubated with increasing doses of Y-320 alone for 72 h. C-H. 
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el, vinorelbine, and doxorubicin. Further investi-
gation of the reversal activity of Y-320 with 
these chemotherapeutic agents was conduct-
ed. As shown in Table 1, the co-administration 
of Y-320 remarkably enhanced the cytotoxic 
profile when combined with vinorelbine and 
doxorubicin in Bads-200 cells. The reversal 
indexs (RI) were 20.6 and 34.8, respectively. 
Conversely, the co-treatment of Y-320 showed 
little reversal effect when combined with 5-fluo-
rouracil and cisplatin. The results obtained in 
Bats-72 were similar to Bads-200. Altering P-gp 

expression or its function can reverse the P-gp 
mediated MDR, improving the efficacy of che-
motherapy. Therefore, we further explored 
whether the synergistic effect of Y-320 and 
paclitaxel was caused by the down-regulation 
of P-gp protein or the inhibition of its function. 
As shown in Figure 4A, Bads-200, Bats-72 and 
Huh7-TS-48 had a high P-gp expression. Y-320 
did not influence the expression of P-gp protein 
(Figure 4B) (The Original image of WB scan in 
Figure 4A, 4B is shown in the Supplementary 
Figures 11, 12, 13 and 14). Moreover, we per-

Bads-200, Bats-72 and Huh7-TS-48 were exposed to a series of concentrations of paclitaxel with or without 500 
nM Y-320 for 72 h. The IC50 of paclitaxel was determined with or without 500 nM Y-320 after 72 h treatment. The 
reversal index of Y-320 combined with paclitaxel was also calculated compared with paclitaxel group. I. Colony 
formation of Bads-200 with various treatments. Data are shown as mean ± SD. Student’s t-test was used for two-
group comparisons. *P<0.05; **P<0.01; CTL, control; Y-320, 500 nM Y-320; PTX, 500 nM paclitaxel; PTX+Y-320, 
combination of 500 nM paclitaxel and 500 nM Y-320; RI, reversal index.

Figure 2. Y-320 enhances paclitaxel-induced G2/M block of tumor cell cycle. A. Morphological images of Bads-200 
taken with an inverted microscope (×100) after different treatments for 72 h. B, C. Cell cycle analysis of Bads-200 
after different treatments for 72 h and the G2/M phase histogram. D. Western blot analysis of cell cycle-related 
proteins, CDK1, Cyclin B1, CDK6 and PKM2 in Bads-200. Data are shown as mean ± SD. Student’s t-test was 
used for two-group comparisons. *P<0.05; **P<0.01; CTL, control; Y-320, 500 nM Y-320; PTX, 500 nM paclitaxel; 
PTX+Y-320, combination of 500 nM paclitaxel and 500 nM Y-320.
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formed Rh123 intracellular accumulation and 
efflux assay to evaluate the effects of Y-320 on 

P-gp function. As shown in Figure 4C, 4D, com-
pared to the group without any inhibitor (ROD), 

Figure 3. Y-320 enhances paclitaxel-induced tumor cell apoptosis. A, B. Apoptosis assay of Bads-200 after dif-
ferent treatments for 72 h. C. Western blot analysis of apoptosis-related proteins, PARP, C-PARP, Caspase3 and 
C-Caspase3 in Bads-200. Data are shown as mean ± SD. Student’s t-test was used for two-group comparisons. 
*P<0.05; **P<0.01; CTL, control; Y-320, 500 nM Y-320; PTX, 500 nM paclitaxel; PTX+Y-320, combination of 500 
nM paclitaxel and 500 nM Y-320.

Table 1. Y-320 sensitizes MDR breast cancer cells to chemotherapy agents

Drug Y320 (nM)
Bads-200 Bats-72

IC50 (nM) RI IC50 (nM) RI
Paclitaxel +0 1148.1±13.1 - 152.8±19.6 -

+500 208.3±91.0 5.5 16.2±1.7 9.4
Vinorelbine +0 6736.1±69.4 - 26250.0±694.4 -

+500 326.4±90.3 20.6 1111.1±416.7 23.6
Doxorubicin +0 192129.6±463.0 - 1099.5±476.4 -

+500 5523.3±290.7 34.8 324.1±163.7 3.4
5-Fluorouracil +0 9306.7±139.6 - 43400.0±5200.0 -

+500 9028.4±694.0 1.0 42800.0±300.0 1.0
Cisplatin +0 1909.7±6.9 - 6220.2±29.8 -

+500 1777.8±444.4 1.1 6090.3±6.9 1.0
Note: RI (reversal index) was determined by the IC50 in the absence of Y-320 divided by the IC50 in the presence of Y-320.
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the amount of intracellular Rh123 in co-admin-
istration of Y-320 group was significantly 
increased in a dose-dependent manner. Sub- 
sequently, we used P-gp-Glo™ Assay to evalu-
ate whether Y-320 was a substrate of P-gp. 
Compared to verapamil, a well-known substrate 
of P-gp, Y-320 had a similar effect on the 
ATPase activity of P-gp (Figure 4E). As shown in 
Figure 4F, Y-320 also stimulated P-gp ATPase 
activity in a dose-dependent manner, indicating 
that Y-320 could directly interact with P-gp. 
These findings suggested that Y-320 was a sub-
strate of P-gp, and it could sensitize cancer 
cells to chemotherapy via inhibiting P-gp func-
tion without altering its expression level. 

positive cells was significantly reduced (Figure 
5D). Particularly, the co-treatment did not exert 
any significant effects on body weight (Figure 
5E). As shown in Figure 5F, 5G, the mean serum 
ALT levels were 49.6±10.2, 49.0±9.8, 50.6±5.9 
and 45.5±10.6 U/L, while the mean serum Cr 
levels were 4.9±0.9, 4.3±0.4, 4.9±0.6 and 
4.5±0.6 U/L, respectively. Therefore, the 
results of serological studies showed that there 
was little adverse effects on the liver and kid-
ney function after the combination therapy. In 
conclusion, our results proved that the co-
administration of Y-320 and paclitaxel marked-
ly inhibited tumor growth in Bats-72 xenografts 
without severe adverse effects.

Figure 4. Y-320’s mechanism for sensitizing cancer cells to chemothera-
peutic agents. A. Western blot analysis of P-gp proteins in Bads-200, Bats-
72, BCap-37 and Huh7-TS-48. B. Western blot analysis of P-gp proteins in 
Bads-200 after differential treatment for 72 h. C, D. Intracellular Rh123 fluo-
rescence intensity in Bads-200 with different treatments. E. The effect of 
Y-320 on the ATPase activity of P-gp compared with verapamil. F. The effect 
of Y-320 on the ATPase activity of P-gp was measured in different concentra-
tions. Data are shown as mean ± SD. Student’s t-test was used for two-group 
comparisons. CTL, control; PTX+Y-320, combination of paclitaxel and Y-320. 
Rod, treatment with 5 µM rhodamine 123 for 0.5 h.

Y-320 sensitizes MDR xeno-
graft tumor to paclitaxel in 
vivo

The previous results indicated 
that co-administration with 
Y-320 had reliable reversal 
effect in vitro. Hence, there 
was a clinical concern regard-
ing whether this phenomenon 
could be replicated in vivo. As 
shown in Figure 5A-C, after six 
treatment cycles, control and 
monotherapy groups did not 
show significant difference in 
tumor volume or weight, wh- 
ereas the co-administration 
group showed significantly 
reduced tumor volume and 
weight compared to the other 
three groups. The mean tu- 
mor volumes were 591.6±30, 
617.4±38, 646.6±27 and 
134.6±32 mm3, and mean 
tumor weights were 0.926 
±0.22, 1.01±0.20, 0.866± 
0.20, 0.212±0.14 g, respec-
tively. Compared to the pacli-
taxel monotherapy group, the 
co-administration with Y-320 
and paclitaxel suppressed 
tumor growth remarkably with 
an IR increased from 6.5% to 
77.1%. Furthermore, resected 
Bats-72 xenograft tumors 
were analyzed by immunohis-
tochemistry staining with Ki- 
67 antibody. When Y-320 was 
co-administered with paclitax-
el, the number of Ki-67-
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Discussion

Phenylpyrazolinamine compounds inhibit IL-17 
production in murine and human CD4+ T cells 
stimulated with IL-15 in a dose-dependent 
manner [1, 2]. One of such compounds, Y-320 
exhibits the strongest inhibitory effect on IL-17 
biosynthesis [1]. It has been reported that 
Y-320 can reduce mRNA expression of IL-17 in 
antigen-specific CD4+ T cells in arthritic joints, 
leading to the delay of the joint destruction. 
Similarly, the plasma titer of anti-type II colla-
gen IgG1 can be reduced by Y-320 in CIA mice. 
In mice and cynomolgus monkey models, Y-320 
ameliorates collagen-induced arthritis [1, 2]. So 

far, these are the only published studies regard-
ing the potential application of Y-320. In the 
present study, we discovered that Y-320 could 
improve the sensitivity of MDR tumor cells to 
lower doses of cytotoxic agents such as pacli-
taxel, vinorelbine, and doxorubicin. Furthermore, 
the co-administration of Y-320 and chemother-
apeutics was able to enhance the therapeutic 
efficacy and generate synergistic anti-cancer 
effects in vivo. Better tolerance and lower che-
motherapy-related adverse effects were ob- 
served in the co-treatment group compared to 
Y-320 monotherapy group. These results dem-
onstrated that this co-administration could be 
an effective and low-toxic treatment strategy in 

Figure 5. The co-administration with Y-320 improves the effectiveness of paclitaxel in Bats-72 xenograft models 
without additional adverse effects. Nude mice bearing Bats-72 tumors were treated with paclitaxel +/-Y-320. A. 
Tumor mass compared among four groups with different treatments. B. Tumor volume of the four groups in the 
process. C. Tumor weight compared among groups at the end of experiments. The inhibition rates of tumor gross in 
paclitaxel and co-treatment group were calculated compared with the control group. D. Ki-67 immunohistochemical 
staining (×200) of tumor. E. Body weight of mice at the end of experiment. F, G. Serum ALT and Cr levels measured 
in each group at the end of experiment. Data are shown as mean ± SD. Student’s t-test was used for two-group 
comparisons, and multiple-treatment groups were analyzed by one-way ANOVA. N.S., P>0.05; *P<0.05; **P<0.01; 
CTL, control; PTX+Y-320, combination of paclitaxel and Y-320. IR, inhibition rate.
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MDR cancers. To our knowledge, this study is 
the first to confirm that Y-320 is a valuable che-
mo-sensitizer in anti-cancer therapy.

The mechanisms involved in MDR include barri-
ers to transport/uptake, dysfunction of drug 
activation, changes of agent target sites, new 
metabolic pathways of drugs, an increase of 
drug enzyme as well as the increase of drug 
efflux. P-gp is one of the major ATP-dependent 
efflux pumps responsible for tumor resistance 
to chemotherapeutic agents. It has been gener-
ally recognized that the inhibition of its expres-
sion or its function can reverse the P-gp medi-
ated MDR and improve the efficacy of chemo-
therapy. Our data showed that Y-320 could 
inhibit P-gp function in a dose-dependent man-
ner rather than influencing the expression of 
P-gp. Subsequently, P-gp-GloTM assay demon-
strated that Y-320 stimulates P-gp ATPase 
activity in purified recombinant human P-gp 
membrane protein. These findings confirmed 
that Y-320 is a substrate of P-gp. Thus, Y-320 
could compete with chemotherapeutic agents 
for P-gp binding sites to increase the intracel-
lular concentration of chemotherapeutic agen- 
ts, thus improving the effectiveness of chemo-
therapy. In tumor xenograft assays, Y-320 sen-
sitized MDR breast tumor to paclitaxel in vivo. 
Both Y-320 and paclitaxel monotherapies ex- 
erted little effects on tumor growth. When 
xenografts were treated with the combination 
of paclitaxel and Y-320, the inhibition rate of 
paclitaxel on Bats-72 tumors increased from 
6.5% to 77.1%. Moreover, it has been docu-
mented that IL-17 plays a role in promoting the 
resistance of breast cancer cells against pacli-
taxel in vivo, suggesting that the inhibition of 
IL-17 might reverse the resistance to paclitaxel. 
However, whether the suppression of IL-17 by 
Y-320 directly contributes to sensitizing the 
MDR breast tumor to paclitaxel in vivo is still 
unclear. We aim to further investigate and veri-
fy this hypothesis in future.

Major success in the combination of therapeu-
tic countermeasures against P-gp inhibitors 
and chemotherapeutic agents has been achi- 
eved over the past decade. Although traditional 
P-gp inhibitors (Verapamil, Ciclosporin A, etc.) 
can effectively inhibit the function of P-gp, they 
also generate adverse effects by interfering 
with normal physiological functions, leading to 
arrhythmia [22], gastrointestinal and nervous 
system dysfunctions. These effects limit the 

clinical application of P-gp inhibitors. On the 
contrary, Y-320 exhibits a favorable safety pro-
file. Its co-administration with chemotherapeu-
tic agents has demonstrated reduced toxicity 
without weight loss in nude mice models, as 
well as decreased hepatorenal injury. We spec-
ulate that the inflammatory regulation of Y-320 
probably plays an important role in reducing 
the toxic side effects in vivo since the co-
administration of immune-modulator and che-
motherapy agents has been reported to reduce 
severe systemic toxicity. The immunological 
competence of immune modulators might con-
tribute to the reduction of complications cau- 
sed by cytotoxicity agents. Several studies have 
reported that the combined use of immune 
modulators and chemotherapeutic agents co- 
uld improve the effectiveness of the latter [23-
25], reduce the adverse effects [26, 27] and 
improve safety. Zhang Y’s research showed 
that the immunomodulator JLNT could reduce 
diarrhea, hepatocellular injury and hepatic ste-
atosis caused by oxaliplatin [27]. Immuno- 
modulator, lipopeptide JBT-3002 has also been 
shown to prevent damage to the intestinal epi-
thelium and lamina propria, thus reducing the 
frequency of diarrhea and other gastrointesti-
nal complications caused by irinotecan in 
colorectal carcinoma patients [26, 28]. And 
immunomodulator lenalidomide monotherapy 
can lead to less hematologic toxicity compared 
with adjuvant chemotherapy for certain non-
Hodgkin lymphoma (NHL) [23]. In light of this, 
further investigations need to be conducted to 
determine whether Y-320 could reduce the 
toxic side effect of paclitaxel by regulating IL-17 
in vivo.

In a nutshell, our results showed that Y-320 
could reverse P-gp-mediated MDR by inhibiting 
P-gp activity. Co-administration of Y-320 and 
chemotherapy drugs could significantly sup-
press MDR tumors without increasing toxicity 
in vivo. This combination might be appropriate 
for patients who are unresponsive to maximal 
dose of chemotherapeutic agents or in those 
unable to tolerate the associated systematic 
toxicity. This study may offer new insights into 
the clinical application of this novel immune-
modulator in anticancer treatment infuture. 
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Supplementary Figure 1. The original full scan the entire original gel for CDK1 in Figure 2D.

Supplementary Figure 2. The original full scan the entire original gel for CDK6 in Figure 2D.

Supplementary Figure 3. The original full scan the entire original gel for Cyclin B1 in Figure 2D.

Supplementary Figure 4. The original full scan the entire original gel for GAPDH in Figure 2D.
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Supplementary Figure 5. The original full scan the entire original gel for PKM2 in Figure 2D.

Supplementary Figure 6. The original full scan the entire original gel for caspase3 in Figure 3C.

Supplementary Figure 7. The original full scan the entire original gel for Cle-caspase3 in Figure 3C.

Supplementary Figure 8. The original full scan the entire original gel for Cle-PARP in Figure 3C.
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Supplementary Figure 9. The original full scan the entire original gel for GAPDH in Figure 3C.

Supplementary Figure 10. The original full scan the entire original gel for PARP in Figure 3C.

Supplementary Figure 11. The original full scan the entire original gel for GAPDH in Figure 4A.

Supplementary Figure 12. The original full scan the entire original gel for P-gp in Figure 4A.

Supplementary Figure 13. The original full scan the entire original gel for GAPDH in Figure 4B.
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Supplementary Figure 14. The original full scan the entire original gel for P-gp in Figure 4B.


