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Abstract. The clinical efficacy and mechanism of Pralatrexate 
(PTX) combined with Palbociclib Isethionate (PAL) in 
the treatment of bladder cancer patients was investigated. 
A retrospective analysis of medical records of 82 bladder 
cancer patients admitted to Shengjing Hospital of China 
Medical University from February 2015 to February 2018 was 
performed. Patients treated with PTX combined with PAL 
served as study group (42 cases) and patients with conven-
tional GC (gemcitabine plus cisplatin) chemotherapy regimen 
were the control group (40 cases). Changes in liver function 
indexes before and after treatment were observed, including 
alanine aminotransferase (ALT), aspartate aminotransferase 
(AST), alkaline phosphatase (ALP), and total bilirubin (TBil). 
RT-qPCR was used for detection of relative expression levels 
of serum dihydrofolate reductase (DHFR) and vascular 
endothelial growth factor (VEGF) before and after treatment 
in the two groups. The clinical efficacy after treatment and 
adverse reactions during treatment were observed in the two 
groups. There was no significant difference in the clinical 
remission rate (RR) nor in the serum ALT, AST, ALP and 
TBil levels between the study and the control groups (P>0.05). 
Concentrations of serum ALT, AST, ALP and TBil were 
significantly higher than those before treatment in both groups 
(P<0.05). Serum ALT, AST, ALP and TBil concentrations 
in study group were significantly lower than those in control 
group (P<0.05). There was no significant difference in the 
incidence of thrombocytopenia and leukopenia between the 
two groups (P>0.05). There was no significant difference in 

relative expression levels of serum DHFR mRNA and VEGF 
mRNA before treatment between the study and control groups 
(P>0.05). Those after treatment were significantly lower than 
those before treatment in both groups (P<0.05), and those 
after treatment in study group were significantly lower than 
those in control group (P<0.05). PTX combined with PAL 
can reduce adverse reactions of nausea and vomiting and liver 
function impairment during treatment and suppress tumor 
neovascularization. This is achieved possibly by inhibiting 
expression levels of DHFR and VEGF, thereby killing cancer 
cells. PTX combined with PAL may become a new method for 
the treatment of bladder cancer patients. DHFR and VEGF are 
expected to become novel therapeutic targets for the treatment 
of bladder cancer.

Introduction

As one of the most common malignant tumors, incidence of 
bladder cancer ranks the 9th among all malignant tumors, 
among which, 30% of patients have muscular invasive bladder 
cancer  (1). Bladder cancer has the characteristics of rapid 
progress and high degree of malignancy and high recurrence 
and mortality rates (2). Radical cystectomy can be used to 
effectively remove tumor lesions, but the postoperative recur-
rence rate is higher and adjuvant postoperative chemotherapy 
is usually needed (3). Postoperative chemotherapy can inhibit 
local recurrence and distant metastasis, so as to improve the 
overall survival of patients (4). The standard treatment method 
for bladder cancer is the clinical first-line chemotherapy GC 
(gemcitabine plus cisplatin). However, bladder cancer patients 
can easily develop drug resistance. As a result, chemotherapy 
is often ineffective in clinic (5). Therefore, new effective treat-
ment methods are needed.

In recent years, anti-folic acid drugs have been widely used 
in treatment of malignant tumors (6). The most commonly 
used anti-folic acid drug is methotrexate (MTX), which can 
inhibit dihydrofolate reductase (DHFR) to block the synthesis 
of tetrahydrofolate (FH4). Blocked FH4 causes restricted 
transfer of one-carbon group during the synthesis of glyco-
sides pyrimidine nucleotide and purine nucleon, and inhibits 
the synthesis of DNA (7). Single-agent MTX, as a chemo-
therapeutic drug, easily leads to the development of acquired 
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drug resistance, so it is often used in combination with other 
drugs such as cell cycle inhibitor (8). Pralatrexate (PTX), an 
upgraded product of methotrexate, is a new anti-folic acid and 
anti-tumor drug that can effectively inhibit DHFR. It can also 
competitively inhibit folylpolyglutamate synthetase to block 
the synthesis of thymidine and other biomolecules that rely 
on single-carbon transfer, so as to affect the synthesis of DNA 
and promote apoptosis of tumor cells (9). Palbociclib isethi-
onate (PAL) is an FDA-approved highly selective CDK4/6 and 
cell cycle inhibitor that can be used as a first-line drug for the 
treatment of HER2-negative, ER-positive breast cancer, colon 
cancer and lung cancer. It can also prolong the progression-
free survival of tumor patients (10). DHFR is a main drug 
target for anti-infective therapy and tumor chemotherapy, due 
to its close relationship with multidrug resistance in various 
tumors (11). Vascular endothelial growth factor (VEGF) is a 
serum marker that reflects the malignancy degree of tumors. 
VEGF can promote the proliferation of endothelial cells and 
neovascularization, thereby promoting the growth and metas-
tasis of tumors (12).

At present, there is no report on the application of PTX 
combined with PAL in the treatment of bladder cancer. 
In this study, a retrospective analysis of medical records of 
82 bladder cancer patients admitted to Shengjing Hospital of 
China Medical University (Shenyang, China) was performed. 
Our study investigated the clinical efficacy and mechanism of 
PTX combined with PAL in the treatment of bladder cancer 
patients.

Materials and methods

General information. A retrospective analysis of medical 
records of 82 bladder cancer patients admitted to Shengjing 
Hospital of China Medical University from February 2015 
to February 2018 was performed. Patients treated with PTX 
combined with PAL served as study group (42 cases) and 
patients with conventional GC chemotherapy regimen as the 
control group (40 cases). There were 28 males and 14 females 
in the study group, with age ranged from 51 to 77 years and a 
mean age of 66.57±2.58 years, course of disease range from 
2 to 8 years, with a mean course of disease of 4.26±2.47 years. 
Clinical stage: 24 cases of stage III and 18 cases of stage IV; 
tumor distribution location: 11 cases of lateral wall of bladder, 
19 cases of anterior wall and 12 cases of posterior wall. There 
were 29 males and 11 females in control group, aged from 
53 to 79 years, with a mean age of 67.21±3.27 years, course 
of disease ranged from 3 to 7 years, with a mean course of 
disease of 4.76±3.08 years. Clinical stage: 21 cases of stage III 
and 19 cases of stage IV; tumor distribution location: 13 cases 
of lateral wall of bladder, 16 cases of anterior wall and 11 cases 
of posterior wall.

Inclusion and exclusion criteria. Inclusion criteria: confirmed 
as bladder cancer by pelvic CT, cystoscope biopsy and 
pathology (13); no contraindication to operation and treatment; 
no other history of tumor or radiotherapy and chemotherapy 
treatment; complete clinical data. This study was approved 
by the Ethics Committee of Shengjing Hospital of China 
Medical University. All participants signed informed consent. 
Exclusion criteria: those with neurological disorders; those 

with hematopoietic disorders and immune diseases; those with 
mental illness or a history of family psychosis.

Treatment methods. Control group was treated with a conven-
tional GC chemotherapy regimen (14). Ondansetron (15) (Fuan 
Pharmaceutical Group Ningbo Team Pharmaceutical Co., Ltd., 
Ningbo, China; batch number: H10960146) was orally admin-
istered before chemotherapy to stop vomiting, 1,000 mg/m2 of 
gemcitabine (Harbin Gloria Pharmaceutical Co., Ltd., Harbin, 
China; batch number: H20040958) was infused intravenously 
for 2 h on the 1st, 8th and 15th days of each cycle, and 30 mg/
m2 of cisplatin (Yunnan Gejiu Biological Pharmaceutical Co., 
Ltd., Yunnan, China; batch number: H53021740) was infused 
intravenously for 2 h on the 2nd day. A total of 4 cycles of 
chemotherapy was performed, 28 days for one cycle. Study 
group was treated with PTX combined with PAL. A total of 30 
mg/m2 of PTX injection (Allos Therapeutics Inc., Westminster, 
CO, USA) was infused intravenously, 3 to 5 min each time, 
once a week. Six consecutive cycles were performed, 28 days 
for one cycle. After intravenous injection of PTX, 50 mg/m2 of 
PAL (Pfizer Pharmaceutical Co., Ltd., New York, NY, USA) 
was orally administered in study group once a week for 
3 weeks, then treatment was stopped for 1 week. Six consecu-
tive cycles were performed, 28 days for one cycle. Changes 
of neutrophils and platelets in the two groups were observed. 
If the neutrophil count was less than 1.0x109·L-1, then recom-
binant human granulocyte colony-stimulating factor injection 
(Harbin Pharmaceutical Group Biological Engineering Co., 
Ltd., Harbin, China; batch number: S20000061) was admin-
istered, treatment was started when blood cells returned to 
normal. Treatment methods are shown in Table I.

Efficacy evaluation. Based on the evaluation criteria of solid 
tumor clinical treatment established by the World Health 
Organization (WHO) (16), clinical efficacy of study group and 
control group was evaluated and divided into four categories: 
complete remission (CR) the target lesion disappeared for 
>4 weeks and no new lesion was detected; partial remission 
(PR): after treatment, the target lesion gradually decreased 
in diameter, the reduction ratio of the diameter was >50% 
compared with that before treatment, duration >4 weeks, and 
no new lesion was detected; stable disease (SD): target lesion 
gradually decreased in diameter, the reduction ratio of the 
diameter <50% compared with that before treatment, and no 
new lesion was detected; progressive disease (PD): increase 
ratio of the diameter of the target lesion was ≥50% compared 
with that before treatment, and new lesion produced. CR 
and PR were clinically effective rates. Clinical response rate 
(RR) = (CR + PR)/total number of cases x 100%. Adverse reac-
tions during treatment in study group and control group were 
observed. Main adverse reactions include thrombocytopenia, 
leukopenia, nausea and vomiting, and liver damage. Evaluation 
criteria for liver injury are based on the classification criteria 
for acute and subacute toxicity of antitumor drugs (17).

Indicator detection. Changes of liver function indexes were 
observed 1 day before treatment and 1 day after treatment. 
Venous blood (5 ml) was taken and placed in a vacuum tube 
without anticoagulant. After the blood was coagulated, blood 
was placed in a centrifuge (Shanghai Luxiangyi Centrifuge 
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Instrument Co., Ltd., Shanghai, China) and centrifuged at 
670.8 x g at 20-25˚C for 10 min to separate serum. AU5800 
automatic biochemical analyzer [Beckman Coulter Trading 
(China) Co., Ltd., Shanghai, China] was used to detect serum 
alanine aminotransferase (ALT), aspartate aminotransferase 
(AST), alkaline phosphatase (ALP) and total bilirubin (TBil). 
Kits were purchased from Beckman Coulter Trading (China) 
Co., Ltd., and the testing procedure was carried out with refer-
ence to the instructions of the manufacturers.

RT-qPCR was used to detect the relative expression of 
serum DHFR mRNA and VEGF mRNA in the 2 groups 
before treatment and 1  month after treatment. A total of 
10 ml fasting venous blood was extracted and placed in a 
vacuum tube without anticoagulant. Blood was centrifuged 
at 2000 rpm for 10 min to separate the serum. Serum was 
stored in a -80˚C refrigerator (Wuxi Guanya Refrigeration 
Technology Co., Ltd., Wuxi, China) before use. Serum total 
RNA was extracted using TRIzol kit (ABI Corporation, Lee's 
Summit, MO, USA) according to manufacturer's instruction. 
Integrity of total RNA was determined by 1% agarose gel 
electrophoresis and RNA concentration was measured using 
a UV-Vis spectrophotometer (INESA Analytical instru-
ment Co., Ltd.; Shanghai, China). Reverse transcription was 
performed using M-MLV reverse transcription kit (Beijing 
Shengkeboyuan Biotechnology Co., Ltd., Beijing, China). 
Reaction conditions: 45˚C for 25 min and 80˚C for 10 min. 
The synthesized cDNA sample was stored at -20˚C before 
use. DHFR mRNA and VEGF mRNA fluorescent quantita-
tive PCR kits were purchased from Invitrogen; Thermo Fisher 
Scientific, Inc. (Waltham, MA, USA), U6 was used as an 
endogenous control. Primers were designed and synthesized by 
Invitrogen; Thermo Fisher Scientific, Inc. (Table II). RT-qPCR 
(20 µl of total volume) reaction system: 10 µl of SYBRGreen 
mix, 1 µl of PCR primer mix, 5 µl of cDNA template diluted 
10-fold and 4 µl of RNase free water. PCR reaction conditions: 

Pre-denaturation at 94˚C for 1 min, followed by 35 cycles of 
denaturation at 95˚C for 15 sec, annealing at 60˚C for 20 sec 
and extension at 72˚C for 1 min, and final extension at 72˚C for 
10 min. PCR reactions were performed on ABI PRISM 7300 
fluorescence quantitative PCR instrument (ABI Corporation) 
with U6 as endogenous control. Results were processed using 
2-ΔΔcq method (18).

Statistical analysis. SPSS 19.0 [Yiyun (Shanghai) Information 
Technology Co., Ltd., Shanghai, China] was used for statistical 
analysis. Measurement data are expressed using mean ± stan-
dard deviation. t-test was used for comparisons of data between 
groups, paired t-test was used for comparison between data 
before treatment and after treatment within the same group. 
Chi-square test was used for comparison of enumeration data 
between groups. P<0.05 indicates the difference is statistically 
significant.

Results

Baseline data of study group and control group. There was no 
significant difference between study group and control group 
in general clinical baseline data such as sex, age, course of 
disease, histopathological type, pathological differentiation 
degree, tumor distribution location, clinical stage and exis-
tence of distant metastasis (P>0.05) (Table III).

Clinical efficacy of study group and control group. After 
treatment, there were 14 cases of CR (33.33%), 8 cases of PR 
(19.05%), 11 cases of SD (26.19%), 9 cases of PD (21.43%) and 
22 cases of RR (52.38%) in study group and 9 cases of CR 
(22.50%), 8 cases of PR (20.00%), 12 cases of SD (30.00%), 
11 cases of PD (27.50%) and 17 cases of RR (42.50%) in control 
group. There was no significant difference in treatment RR 
between study group and control group (P>0.05) (Table IV).

Table I. Treatment methods.

Chemotherapy methods	 Method of administration

GC chemotherapy	 Oral administration of ondansetron before chemotherapy
(Control group)	 Intravenous infusion of gemcitabine (1,000 mg/m2) for 2 h at 1, 8 and 15 days
	 Intravenous infusion of cisplatin (30 mg/m2) for 2 h on the 2nd day
	 28 days for one cycle, totally 4 cycles
PTX+PAL chemotherapy	 Intravenous infusion of PTX (30 mg/m2) 3-5 min, once a week
(Study group)	 Oral intake of PAL (50 mg/m2), once a week for 3 weeks, followed by stop for 1 week
	 28 days for one cycle, totally 6 consecutive cycles

Table II. Primer sequences.

Gene	 Upstream	 Downstream

DHFR	 5'-TGGTTCGCTAAACTGCATCGT-3'	 5'-CAGGAATGGAGAACCAGGTCTTC-3'
VEGF	 5'-GAGTATATCTTCAAGCCGTCCTGT-3'	 5'-ATCTGCATAGTGACGTTGCTCTC-3'
U6	 5'-CTCGCTTCGGCAGCACA-3'	 5'-AACGCTTCACGAATTTGCGT-3'
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Changes in liver function indexes before and after treatment 
in study group and control group. Serum concentrations of 
ALT, AST, ALP and TBil in study group were not significantly 
different from those in control group (P>0.05). After treatment, 
serum ALT concentration of study group and control group 
was significantly higher than that before treatment (t=11.300, 
P<0.001; t=14.570, P<0.001), and serum AST concentration 
(t=20.220, P<0.001; t=22.510, P<0.001), serum ALP concen-
tration (t=15.68, P<0.001; t=19.190, P<0.001), and serum TBil 
concentration (t=12.720, P<0.001; t=20.080, P<0.001) were 
significantly higher than before treatment. After treatment, 
serum ALT, AST, ALP, and TBil concentrations in study group 

were significantly lower than those in control group (t=3.536, 
P<0.001; t=3.541, P<0.001; t=7.276, P<0.001) (Table V).

Treatment of adverse reactions in study group and control 
group. Common adverse reactions in study group and control 
group were thrombocytopenia, leukopenia, nausea and 
vomiting and liver function impairment. Study group had 
6 cases of thrombocytopenia (14.29%), 19 cases of leucopenia 
(45.24%), 15  cases of nausea and vomiting (35.71%) and 
3 cases of liver function impairment (7.14%). The control 
group showed 4 cases of thrombocytopenia (10.00%), 16 cases 
of leukopenia (40.00%), 22  cases of nausea and vomiting 

Table III. Baseline data of study group and control group [n (%)]/(mean ± SD).

Category	 Study group (n=42)	 Control group (n=40)	 t/χ2 value	 P-value

Sex			   0.329	 0.636
  Male	 28 (66.67)	 29 (72.50)
  Female	 14 (33.33)	 11 (27.50)
Age (years)	 66.57±2.58	 67.21±3.27	 0.986	 0.326
Course of disease (years)	   4.26±2.47	   4.76±3.08	 0.812	 0.418
Histopathological type			   0.965	 0.611
  Transitional cell carcinoma	 37 (88.10)	 36 (90.00)
  Squamous carcinoma	 1 (2.38)	 2 (5.00)
  Adenocarcinoma	 4 (9.52)	 2 (5.00)
Pathological differentiation degree			   0.185	 0.912
  Well-differentiated	 14 (33.33)	 12 (30.00)
  Moderately differentiated	 19 (45.24)	 18 (45.00)
  Poorly differentiated	   9 (21.43)	 10 (25.00)
Tumor distribution location			   0.419	 0.811
  Lateral wall of bladder	 11 (26.19)	 13 (32.50)
  Anterior wall	 19 (45.24)	 16 (40.00)
  Posterior wall	 12 (28.57)	 11 (27.50)
Clinical stage			   0.178	 0.825
  Stage III	 24 (57.14)	 21 (52.50)
  Stage IV	 18 (42.86)	 19 (47.50)
Distant metastasis			   1.279	 0.322
  Yes	 9 (21.43)	 13 (32.50)
  No	 33 (78.57)	 27 (67.50)
Tumor size			   0.483	 0.513
  ≥3 cm	 22 (52.38)	 24 (60.00)
  <3 cm	 20 (47.62)	 16 (40.00)

Table IV. Comparison of results of clinical efficacy between study group and control group [n (%)].

Category	 Study group (n=42)	 Control group (n=40)	 χ2 value	 P-value

CR	 14 (33.33)	   9 (22.50)	 -	 -
PR	   8 (19.05)	   8 (20.00)	 -	 -
SD	 11 (26.19)	 12 (30.00)	 -	 -
PD	   9 (21.43)	 11 (27.50)	 -	 -
RR	 22 (52.38)	 17 (42.50)	 0.802	 0.387



ONCOLOGY LETTERS  17:  201-208,  2019 205

(55.00%) and 10 cases of liver function impairment (25.00%). 
There was no significant difference in the rate of thrombocy-
topenia and leukopenia during treatment between study group 
and control group (P>0.05). The rates of nausea and vomiting 
and liver function impairment during treatment in study group 
were significantly lower than those in control group (χ2=4.843, 
P=0.044; χ2=4.897, P=0.035) (Table VI).

Changes of expression of serum DHFR mRNA and VEGF 
mRNA before and after treatment in study group and control 
group. Relative expression levels of serum DHFR mRNA and 
VEGF mRNA before treatment in study group were (3.86±1.12) 
and (13.36±4.69), respectively, and those after treatment 
were (2.05±0.52) and (5.41±2.57), respectively. Those before 
treatment in control group were (3.73±1.31) and (13.57±4.73), 

Table V. Changes in liver function indexes before and after treatment in the study group and the control group (mean ± SD).

	 Study group (n=42)	 Control group (n=40)
	 -----------------------------------------------------------------	 ------------------------------------------------------------------
Indexes	 Before treatment	 After treatment	 t value	 P-value	 Before treatment	 After treatment	 t value	 P-value

ALT (U/l)	 23.17±5.03	 35.91±5.18a,b	 11.300	 <0.001	 22.89±5.28	 40.03±5.37c	 14.570	 <0.001
AST (U/l)	 20.13±2.17	 35.48±4.39a,b	 20.220	 <0.001	 19.87±2.23	 38.98±4.56c	 22.510	 <0.001
ALP (U/l)	 66.29±9.37	 110.13±15.37a,b	 15.68	 <0.001	 66.47±9.03	 119.51±14.97c	 19.190	 <0.001
TBil (µmol/l)	 10.58±1.33	 14.25±1.28a,b	 12.720	 <0.001	 10.34±1.24	 16.47±1.48c	 20.080	 <0.001

aP<0.001, compared with control group after treatment. bP<0.001, compared with study group before treatment. cP<0.001, compared with 
control group before treatment.

Table VI. Comparison of results of treatment of adverse reactions between study group and control group [n (%)].

Category	 Study group (n=42)	 Control group (n=40)	 χ2 value	 P-value

Thrombocytopenia	 6 (14.29)	 4 (10.00)	 0.799	 0.738
Leukopenia	 19 (45.24)	 16 (40.00)	 0.230	 0.661
Nausea and vomiting	 15 (35.71)	 22 (55.00)	 4.843	 0.044
Liver function impairment	 3 (7.14)	 10 (25.00)	 4.897	 0.035

Figure 1. (A) Comparison of relative expression levels of serum DHFR mRNA before and after treatment in study group and control group. Results of RT-qPCR 
showed that there was no significant difference in the relative expression levels of serum DHFR mRNA before treatment between study group and control 
group (P>0.05). In study group and control group, serum DHFR mRNA levels after treatment were significantly lower than those before treatment (t=9.499, 
P<0.001; t=3.572, P<0.001). After treatment, serum DHFR mRNA levels in study group were significantly lower than in control group (t=7.968, P<0.001). (B) 
Comparison of relative expression levels of serum VEGF mRNA before and after treatment in study group and control group. Results of RT‑qPCR showed 
that there was no significant difference in the relative expression of serum VEGF mRNA before treatment between study group and control group (P>0.05). 
In study group and control group, serum VEGF mRNA levels after treatment were significantly lower than those before treatment (t=9.634, P<0.001; t=7.503, 
P<0.001). After treatment, serum VEGF mRNA levels were significantly lower in study group than in control group (t=3.030, P=0.003). *P<0.001, compared 
with before treatment level; #P<0.001, compared with after treatment level in control group.
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respectively, and those after treatment were (2.94±0.49) and 
(7.15±2.63), respectively. There was no significant difference 
in the before treatment between study group and control group 
(P>0.05). In study group and control group, relative expression 
level of serum DHFR mRNA after treatment was significantly 
lower than that before treatment (t=9.499, P<0.001; t=3.572, 
P<0.001), and serum VEGF mRNA level after treatment 
was significantly lower than that before treatment (t=9.634, 
P<0.001; t=7.503, P<0.001). Relative expression levels of 
serum DHFR mRNA and VEGF mRNA after treatment in 
study group were significantly lower than those in control 
group (t=7.968, P<0.001; t=3.030, P=0.003) (Fig. 1).

Discussion

The basic treatment method for bladder cancer is radical 
cystectomy, which can prolong the overall survival of bladder 
cancer patients. However, surgical operations cause trauma. 
In addition, recurrence rate of some high-risk patients can 
reach 80% after surgery, thereby affecting the prognosis of 
patients  (19). Postoperative metastasis and recurrence are 
major causes of poor treatment outcomes of bladder cancer. 
Thus, chemical drug treatment after surgery is usually 
needed (20). Chemotherapy drugs kill tumor cells, but they 
also damage the body's normal immune functions. In addi-
tion, development of drug-resistance will also reduce the 
efficacy of chemotherapy drugs  (21). At present, the most 
widely used treatment method is GC chemotherapy regimen. 
With cytotoxic effects, gemcitabine and cisplatin can cause 
tumor cell death to control local tumor proliferation. As a 
result, the median survival and relapse-free survival rate of 
tumor patients are improved (22). Cognetti et al (23) showed 
that using GC chemotherapy regimen to treat invasive bladder 
cancer could improve the 5-year survival rate and disease-
free survival rate. Clinical anti-folic acid drug chemotherapy 
regimen is used in treatment of various malignant tumors, its 
resistance rate of single traditional anti-folic acid drug MTX is 
high, so it is often used in combination with other drugs such 
as cell cycle inhibitor (24). PTX, a small molecule anti-folic 
acid drug with a high affinity for reductive folic acid type I 
carrier protein, can increase tyrosine multimerization. It can 
also increase the drug uptake rate of cells and prolong the 
action time of drugs in tumor cells, so as to increase the drug 
concentration in them (25).

PTX is a targeted folic acid chemical for the treatment 
of chemotherapy-resistant or recurrent peripheral T-cell 
lymphoma that preferentially aggregates in tumor cells (26). 
CDK4/6, as an important regulatory protein involved in cell 
division cycle, can induce cell transformation from G1 phase 
to S  phase. Inhibiting these two enzymes may block cell 
division (27). PAL, as a highly selective CDK4/6 inhibitor, 
can inhibit cells entering the S phase, cell growth and DNA 
replication (28). Results of this study showed that there was no 
significant difference in RR between study group and control 
group. After treatment, the concentration of ALT, AST, ALP, 
TBil in serum of the study group and the control group was 
significantly higher than those before treatment (P<0.05). The 
concentration of ALT, AST, ALP, TBil in the study group was 
significantly lower than that in the control group after treat-
ment (P<0.05). The rates of nausea and vomiting and liver 

function impairment during treatment in study group were 
significantly lower than those in control group, suggesting that 
PTX combined with PAL has a better clinical efficacy in the 
treatment of bladder cancer patients. All the patients had some 
liver damage after chemotherapy, and PTX combined with PAL 
can kill cancer cells and reduce adverse reactions during treat-
ment. During the progression of bladder cancer, tumor cells 
can synthesize various biological molecules and participate in 
the occurrence and development of bladder cancer (29). As a 
dihydrofolate (FH2) reductase, DHFR is capable of reducing 
dihydrofolateI level in the body. FH4, a carrier of one-carbon 
group, is involved in the synthesis of DNA (30).

Studies have shown that DHFR is highly expressed in 
drug-resistant tumor cells such as leukemia drug-resistant 
cells, breast cancer drug-resistant cells and osteosarcoma 
drug-resistant cells, and plays a role in multidrug resistance. 
With the increase of drug resistance in cells, DHFR expres-
sion significantly increases (31,32). VEGF can induce vascular 
endothelial chemotaxis in vitro or in vivo, and is important 
for increasing the permeability of the vascular wall and 
maintaining the integrity of blood vessels. It can induce 
tumor neovascularization, which is conducive to the growth 
and infiltration of tumor cells (33). Hirata et al (34) showed 
that low-dose MTX can inhibit the proliferation of vascular 
endothelial cells in vitro and the neovascularization in vivo, 
suggesting that anti-folic acid drugs have a certain inhibitory 
effect on neovascularization in vivo. Results of this study 
showed that relative expression levels of serum DHFR mRNA 
and VEGF mRNA after treatment in study group and control 
group were significantly lower than those before treatment. 
After treatment, levels of serum DHFR mRNA and VEGF 
mRNA were significantly lower in study group than those in 
control group, suggesting that the mechanism of the actions of 
PTX combined with PAL in the treatment of bladder cancer 
patients is likely related to the suppressed tumor neovascu-
larization, which is achieved by inhibiting the expression of 
DHFR and VEGF. Similar findings have been reported by 
Jocham et al  (35). By regulating the expression of DHFR 
protein, PAL combined with PTX or MTX has a good effect 
on mantle cell lymphoma with or without p53 deficiency in 
blocking tumor cells in G1/S phase.

In this study, subjects were screened in strict accordance 
with the inclusion and exclusion criteria. There was no signifi-
cant difference between study group and control group in 
general clinical baseline data such as sex, age, course of disease, 
histopathological type, pathological differentiation degree, 
tumor distribution location, clinical stage and the existence of 
distant metastasis, indicating the high reliability of this study. 
However, in this study, bladder cancer patients were included, 
so the regulatory mechanism of PTX combined with PAL on 
DHFRV, VEGF was not clarified. The clinicopathological 
parameters of bladder cancer patients are different from those 
of other malignant tumors, and there are some limitations on 
whether PTX combined with PAL is applicable to other malig-
nant tumors. In future investigations, it is necessary to extend 
the research time, expand the category of malignant tumors, 
and carry out in vitro experiments to explore the mechanism 
of PTX combined with PAL in malignant tumors.

In conclusion, PTX combined with PAL can reduce 
adverse reactions of nausea and vomiting and liver function 
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impairment during treatment. The mechanism of its actions 
may be related to the suppressed tumor neovascularization, 
which is achieved by inhibiting expression of DHFR and 
VEGF. PTX combined with PAL may become a new method 
for the treatment of bladder cancer patients. DHFRN and 
VEGF is expected to be a new biological therapy target for 
bladder cancer treatment.
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