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Abstract
The purpose of this study was to investigate the effect of progesterone receptor (PGR) promoter +331G/A
polymorphism on the mRNA and protein expression of its two isoforms, PRA and PRB, in healthy control
women and women with endometrial cancer. To evaluate the relative occurrence of +331G/A
polymorphism, the PGR gene promoter in the whole blood of 66 healthy volunteers and 62 endometrial
cancer patients was genotyped. The results demonstrate that the frequency of GG and the overall
frequency of the G allele were >90% in both populations. The GA+AA genotypes were more common in
the healthy control group than in the endometrial cancer group, though the differences were not
statistically signi�cant. RT-PCR and Western blot analysis results showed that the mRNA and protein
levels of both PRB and PRA were signi�cantly lower in endometrium from cancer patients than in normal
endometrium tissue. Furthermore, among individuals with endometrial cancer, those with the +331 G/A
polymorphism expressed higher mRNA levels of the PRA isoform and higher protein levels of the PRB
isoform. Therefore, our �ndings suggest that patients with endometrial cancer express less PGR and that
the mRNA and protein expression of PRA and PRB may be altered due to 331G/A PGR gene
polymorphism.

Introduction
Endometrial cancer (EC) is one of the most common gynecologic malignancies. With the increase in
morbidity and the postponement of women's reproductive age, the proportion of women with endometrial
cancer who have not yet given birth has gradually increased[1, 2]. Studies have shown that the
occurrence of endometrial cancer is associated with long-term absence of estrogen stimulation and
progesterone antagonism. For estrogen-dependent tumors, the sooner the cancer is detected, the better
the prognosis. Since 1951, when Kelly suggested that progesterone inhibits the growth of endometrial
cancer cells, a large amount of data has been reported supporting this function of progesterone, and its
effect on endometrial cancer has been recognized[3].

The physiologic effects of progesterone are mediated via its receptor, which is a member of the steroid
receptor super-family of nuclear receptors. The human progesterone receptor (PGR) is transcribed by two
alternative promoters that direct its translation into two isoforms, progesterone receptor A (PRA) and
progesterone receptor B (PRB)[4, 5]. These two isoforms mediate all major responses to progesterone.
Their expression levels in most normal progesterone target cells are similar, and the PRA/PRB balance
regulates the expression of many other genes and the physiological response to progesterone, with
potentially serious consequences attributed to their dysregulation. Furthermore, PGR polymorphisms may
break the balance between PRA and PRB, which may, in turn, affect the therapeutic effect of progesterone
on endometrial cancer. Therefore, we speculate that PGR polymorphism may in�uence the occurrence,
development and treatment of endometrial cancer by affecting the ratio of PRA and PRB[6, 7].

The human PGR gene has eight exons and seven introns and is located in chromosome 11q22-23. The
PGR + 331 locus is located between the transcription start site of PRB (+ 1) and PRA (+ 751). Guanine can
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be replaced by adenine, resulting in 3 genotypes: homozygous GG, AA and heterozygous GA. Notably, + 
331 G to A single nucleotide polymorphism (SNP) produces a TATA - box. Because the PGR promoter
region lacks a TATA-box structure, the new TATA-box generates a de novo transcriptional start site and
increases the transcriptional activity of PGR[8–10]. However, the effects of this mutation are
controversial. In a controlled study of 187 cases of endometrial cancer and 397 healthy controls, De
Vivo[11] found that the + 331G to A polymorphism is associated with increased risk of endometrial
cancer. In contrast, Dossus[12] did not �nd an association of + 331G/A with risk, but determined that
endometrial cancer patients were older (P = 0.001) and had a higher body mass index (P = 0.004) than the
controls, with 9% of the case group and only 6% of the control group being premenopausal. Since
progesterone treatment for endometrial cancer mainly works through PRB, we speculated that the change
from + 331 G to A might enhance the e�cacy of progesterone by increasing the PRB/PRA ratio.

To further evaluate the correlation of PRB and PRA expression with the occurrence and development of
endometrial cancer, as well as its therapeutic effect, we established a detection platform for molecular
switch technology, with the purpose of rapidly and effectively classifying PGR gene + 331G/A SNPs in
blood collected from healthy controls and patients with endometrial cancer and the effects on PRA/PRB
mRNA and protein expression. Our results provide a foundation for further elucidating the correlation
between progesterone receptor gene polymorphism and endometrial cancer in order to guide the
implementation of individualized drug use in progesterone treatment.

Materials And Methods

Sample collection
Blood samples were collected from 66 healthy women in the Second A�liated Hospital of the University
of South China from October 2014 to August 2015, and from 62 patients with endometrial cancer
admitted to the First A�liated Hospital of the University of South China between May 2015 and July
2017 (Fig. 1 and Table 1). Additionally, tissue samples from the 62 cases of endometrial cancer patients
and 12 healthy women were collected. The patients had not received radiotherapy, chemotherapy, or
hormone therapy before examination or surgery, nor had they been diagnosed with other diseases, such
as heart disease, hypertension, diabetes, or malignant tumors. Postoperative diagnosis was made
through pathological tissue sections (Fig. 2).

Single-nucleotide polymorphism detection
Normal blood DNA was extracted as template, and site-directed mutation primers at the + 331G/A site
were designed. Based on the site-directed mutation principle of overlapping PCR, PGR gene fusion
fragments containing the wild-type + 331G or mutant + 331A sequence were obtained and veri�ed by DNA
sequencing. Wild-type and mutant detection primers at the + 331G/A site were designed using the
constructed recombinant gene fragments as template and were sul�de modi�ed at the 3 terminal
(Table 2). Genotyping of PGR + 331G/A polymorphisms in DNA extracted from the whole blood and
endometrial tissues of healthy controls and endometrial cancer patients was conducted by PCR as
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follows: initial denaturing, 95 °C for 3 minutes; 30 cycles of repeated denaturing at 95 °C for 30 seconds,
annealing at 56 °C for 30 seconds, and extension at 72 °C for 30 seconds; and �nal extension at 72 °C for
4 minutes. PCR products were resolved on 1.5% agarose gels, and DNA bands were visualized by
ethidium bromide staining.

RNA isolation, reverse transcription and real-time PCR
Total RNA from endometrial cancer and normal tissue was isolated using a RNA extraction Kit
(CW0597S). Total RNA (2 µg) from each sample was reverse-transcribed using the FastKing one-step
genomic cDNA �rst strand synthesis premixed reagent (KR118). Primers targeting PGA, PRB or GAPDH
genes (Table 3) have been described previously. PCR was performed using SYBR Green Master Mix
(TIANGEN) with the CFX96 TouchTM Real Time PCR System. PCR conditions were as follows: initial
denaturing, 95 °C for 15 minutes; 40 cycles of repeated denaturing at 95 °C for 10 seconds, annealing at
60 °C for 20 seconds, and extension at 72 °C for 20 seconds; and then �nal extension at 72 °C for 4
minutes. As negative control, a “water only” sample was included in the reverse transcription step to rule
out genomic DNA contamination. Quanti�cation was performed only if the dissociation curve was
speci�c. The target genes were quantitatively evaluated by the method of ∆∆Ct. Levels of PRA were
obtained by subtracting the PRB expression value from the PGR expression value. All assays were
performed in triplicate.

Western Blotting of endometrial samples
Tissue sample were cut into pieces and lysed in RIPA buffer at a ratio of 150–250 µL per 20 mg of tissue.
The samples were agitated on ice to ensure complete lysis, and then centrifuged for 15–30 minutes at
12,000 rpm at 4 oC to remove the pellet. Protein concentrations were determined by BCA assay. Total
extracted protein was mixed with 5 × SDS-PAGE loading Buffer at a 4:1 ratio, heated 5–10 minutes at
95 °C, separated on a 10% SDS-polyacrylamide gel, and electroblotted onto polyvinylidence di�uoride
membranes. The membranes were blocked with 5% nonfat dry milk in 1xTBST for 2 hours at room
temperature and then incubated with anti-PR antibody (diluted 1:1000 with Western Antibody Dilution
Buffer) at 4oC overnight or for 2–4 hours at room temperature. After 3 washes, the membranes were
incubated for 45 minutes with secondary antibody (diluted 1:8000-1:10000). Detection was achieved by
enhanced chemiluminescence. Antibodies against PRA, PRB, and β-actin were obtained from Absin
(Shanghai, China). All assays were performed in triplicate.

Statistical analysis
All data groups were analyzed by SPSS 18.0 to determine if there were signi�cant differences among the
data. Genotype frequency and gene frequency were calculated by the direct counting method, and the
data were compared by the Student’s t test or the x2 test.

Results

Assessment of +331G/A SNP s in endometrial cancer
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The whole blood DNA of 66 healthy controls and 62 cases of endometrial carcinoma was genotyped with
the assistance of a high-�delity DNA enzyme (Fig. 3). The results demonstrate that the genotype
distribution frequency of +331G/A in the endometrial cancer patients group (GG, 93.55% and GA+AA,
6.45%) was not statistically different from the distribution in the healthy control group (GG, 90.91% and
GA+AA, 9.09%) (Fig. 4A). The overall frequency of the G allele was lower in the endometrial cancer group
(94.70%) than in the healthy control group (95.97%), while the overall frequency of the A allele was higher
in the endometrial cancer group (5.30%) than the healthy control group (4.30%), though the difference
was not statistical (Fig.4B)(Table 4). These results suggest that the +331G/A allele frequency for healthy
controls and patients with endometrial cancer in the population that we evaluated was similar. 

Evaluation of PRA and PRB mRNA expression in cancerous
and normal samples by RT-PCR
To further examine potential differences in PRA and PRB allele expression, we performed RT-PCR of
tissues from 62 patients with endometrial carcinoma and 12 patients with normal endometrium. The
results show that mRNA levels of PRB, total PGR and PRA were signi�cantly lower in endometrial cancer
patients' tissue as compared to the healthy control group (0.396, 0.306, 0.237) (P <0.05), though the
PRA/PRB ratio was not statistically different for the two groups (P>0.05) (Fig. 5 and Table 5). These
results suggest that endometrial cancer patients express less PGR mRNA, but that differences in the
PRA/PRB ratio are not obvious.

Correlation between PRA mRNA expression and +331G/A
polymorphism
To determine whether there is a correlation between +331G/A polymorphism and PGR expression among
the patients with endometrial cancer, we compared the mRNA expression levels for tissue sample DNA of
58 patients in the case group that had either GG or GA+AA alleles. As a positive control for PRG
expression, 12 samples from the healthy control group that had GG alleles were assayed in parallel.
Consistent with the results from Fig. 5, the overall expression of PGR, PRA and PRB was reduced in
patients with endometrial cancer as compared to the healthy controls (Fig.6 and Table 6). Furthermore,
there were no statistical differences in the relative expression level of PRB and total PGR mRNA for the
GA+AA group as compared to the GG group of patients with endometrial cancer (P>0.05). On the other
hand, the relative expression levels of PRA mRNA and the PRA/PRB ratio were statistically higher in the
GA+AA group than in the GG group (P<0.05). These results suggest that individuals with endometrial
cancer who carry the +331 G/A polymorphism preferentially express the PRA isoform.

Correlation between PRB protein expression and +331G/A
polymorphism
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To determine whether this trend could be observed at the protein level, we performed Western blotting.
The levels of PRA and PRB in both the GG group and GA+AA group of patients with endometrial cancer
were signi�cantly lower than those in the control group (Fig. 7; P<0.05), which is consistent with our PCR
results. However, the level of PRB was lower in the GG group than in the GA+AA group, with a statistically
signi�cant difference (P<0.05), while the PRA/PRB ratio was signi�cantly higher for the GG group than for
the GA+AA group (P<0.05). This is opposite of the results observed at the RNA level and suggests that
relative protein expression levels may be determined by post-translational effects rather than
transcriptional mechanisms.

Discussion
Endometrial cancer accounts for about 7% of all malignant tumors and 20–30% of female reproductive
tract malignant tumors. The incidence of endometrial cancer has surpassed the incidence of cervical
cancer, the morbidity tends to affect younger women, and the survival rate has also become signi�cantly
reduced[13]. The 2018 NCCN clinical practice guidelines for uterine tumors indicates that treatment of
endometrial cancer with systemic chemotherapy and hormone therapy is ineffective and requires surgical
treatment, which is mainly used for recurrence, metastasis or high-risk patients. For patients who want to
maintain reproductive function, treatment with megestrol, medroxyprogesterone acetate and the
levonorgestrel intrauterine sustained-release system can be used, and PGR positivity has become one of
the important determinants of e�cacy.

Based on mutation sensitivity molecular switch technology, deafness gene mutations and SNP sites for
breast cancer gene mutations have been e�ciently and rapidly detected[14, 15]. Therefore, we conducted
molecular switch technology to evaluate PGR expression in patients with endometrial cancer in
conjunction with +331 G/A site genotyping and detection of mRNA and protein levels of PRA and PRB. In
our study, the SNP-sensitive molecular switch technique was applied using optimal reaction conditions to
genotype PGR +331G/A polymorphism in the whole blood DNA of 66 healthy controls and 62 endometrial
cancer patients. We determined that the genotype distribution frequency of +331G/A in patients with
endometrial cancer was GG (93.55%) and GA + AA (6.45%), and the difference was not statistically
signi�cant (P > 0.05) compared with GG (90.91%) and GA + AA (9.09%) in the healthy control group. The
frequency of the G allele in the endometrial cancer patient group and the control group was 94.70% and
95.97%, respectively, and the frequency of the A allele in the two groups was 5.30% and 4.03%,
respectively. The distribution difference of the allele frequency between the two groups was not
statistically signi�cant (P>0.05), though the frequency of A alleles was far less than that of G alleles,
which is consistent with the reports in the NCBI database.

To further evaluate the effect of PGR gene +331G/A polymorphism, we assessed the mRNA and protein
expression of PRA and PRB in endometrial patients of differing genotypes. The result showed that the
mRNA expression of PRB, PGR and PRA in the cancerous tissues of patients with endometrial cancer was
reduced (P<0.05), suggesting that the occurrence of endometrial cancer is associated with decreased
expression of PGR, regardless of the isoform that is expressed. Furthermore, statistical analysis showed
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that PRA mRNA and the PRA/PRB ratio were higher in the GA+AA group than in the GG group (P<0.05),
suggesting that the presence of +331A may increase the expression of the PRA isoform. The latter result
is inconsistent with other published studies (refs) and needs to be validated with a larger sample size.

We also used Western blot analysis to detect the expression levels of PRA and PRB protein in the
endometrial tissue samples of each group. The results con�rm that the levels of PRA and PRB were
signi�cantly reduced in the tissues of patients with endometrial carcinoma in both the GG group and
GA+AA group compared with the healthy control group (P<0.05). Additionally, the levels of PRB in the
GA+AA group were signi�cantly increased compared with those in the GG group (P<0.05). Given that this
difference was not detected at the mRNA level, it is possible that PGR expression is regulated by post-
translational mechanisms such as differences in degradation or secretion rates. Additional analyses in
the future may reveal the mechanisms that regulate PGR isoform expression at the mRNA and protein
levels. Nevertheless, our observations that the expression of PRA and PRB mRNA and protein are elevated
in endometrial cancer is consistent with the idea that increased PGR expression may promote the
development of endometrial carcinoma.

In conclusion, the SNP molecular switch method can be used for DNA gene analysis in patients with
endometrial carcinoma tissue. This method not only has the characteristics of simple operation, rapidity
and accuracy, but also may have value in clinical research related to genetic testing for cancer diagnosis,
treatment and medicine. The mRNA and protein levels of PGR, PRA, and PRB were signi�cantly reduced in
cancer tissues (P<0.05). Therefore, we speculate that the transcription and expression of PGR and its
isoforms play an important role in the development and progression of endometrial cancer. Future
studies may reveal whether polymorphism of +331G/A may affect the development and progression of
endometrial cancer. Thus, gene polymorphism testing provides a preclinical research foundation and
potentially a basis for clinical application of drug sensitivity.
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Table 1 Clinicopathological characteristics of patients with endometrial carcinoma

observational index number ratio 100 %

pathological pattern    

adenocarcinomas 52 83.9

Polypoid adenocarcinoma 5 8.1

adenosquamous carcinoma 3 4.8

clear cell carcinoma 2 3.2

clinical stages    

50 80.6

II 7 11.3

III 5 8.1

histological grade    

high differentiation G1 22 35.5

moderately differentiated G2 29 46.8

poorly differentiated G3 11 17.7

myometrial invasion    

≤1/2 44 71.0

>1/2 18 29.0

Tables

 

 

 

 

 

 

 

 

 

 

 

Table 2 Primer sequences for SNP detection

Mutation site Sequence(5’→3’) Size (bp)

 

 

+331G/A

Wild forward

primer(331F1)

CCAGAGAAAAAGTCGGGAGATAAAG  

 

347Mutation forward primer(331F2) CCAGAGAAAAAGTCGGGAGATAAAA

Common reverse primer(331R) AGGAGAAAGTGGGTGTTGAATGTG

Note: Bold and italic are sulphide modified bases; underlined are mutation bases.
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Table 4. The frequency of different genotypes of the PGR gene at +331G/A

Groups Genotype frequency (%)  P Gene frequency (%)  P

GG GA+AA G A

Healthy control 60 (90.91)  6 (9.09)  0.745 125(94.70) 7(5.30) 0.770

Endometrial cancer 58 (93.55)  4 (6.45)  119(95.97) 5(4.03)

Table 5. Differences in PRA and PRB mRNA expression and PRA/PRB between the two groups

  2-∆Ct (meanSD)
2-∆∆Ct

Control Endometrial tissue sample t P

PRB 0.1440.003 0.0570.014 −10.216 <0.0001 0.396

PGR 0.3300.005 0.1010.022 −17.259 <0.0001 0.306

PRA 0.1860.018 0.0440.019 −25.255 <0.0001 0.237

PRA/PRB 1.2970.016 0.8550.533 −1.396 0.186 0.659

Table 3. Sequences of fluorescence quantitative PCR primers

Position Sequence (5’→3’)  Size (bp)

PRB-F TCGGACACCTTGCCTGAAGT 67

PRB-R CAGGGCCGAGGGAAGAGTAG

PGR-F GTGGGAGCTGTAAGGTCTTCTTTAA 81

PGR-R AACGATGCAGTCATTTCTTCCA

GAPDH-F CAGGAGGCATTGCTGATGAT 138

GAPDH-R GAAGGCTGGGGCTCATTT
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Table 6. Assessment of the correlation between PRA and PRB expression and the PRA/PRB ratio between different genotypes

  2-∆Ct (meanSD) 2-∆∆Ct

Control GG GA+AA t P GG GA+AA

PRB 0.1440.026 0.0600.014 0.0470.012 1.355 0.205 0.417 0.326

PGR 0.3300.046 0.0950.022 0.1200.099 −1.923 0.083 0.288 0.364

PRA 0.1860.182 0.0350.092 0.0730.002 −6.877 <0.0001 0.188 0.392

PRA/PRB 1.2970.159 0.5950.123 1.6360.532 −5.955 <0.0001 0.459 1.261

 

Figures

Figure 2

Age distribution of patients with endometrial cancer. The ages are shown for 62 patients with endometrial
cancer who were admitted to the First A�liated Hospital of the University of South China between May
2015 and July 2017.

Figure 4
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Histopathological diagnosis of partial histological sections. Representative sections are shown. (A)
Adenocarcinoma of endometrium; (B) Endometrial clear-cell carcinoma; (C) Normal endometrium.

Figure 6

Discrimination of 331G/A mutations in the PGR gene using a mutation-sensitive on/off switch. M is 100
bp DNA Ladder; Lanes 1 and 2 are wild-type control templates (GG); lanes 3 and 4 are mutant control
templates (AA); Lanes 5 to 14 are different DNA samples; lanes 1, 3, 5, 7, 9, 11 and 13 are wild-type
speci�c detection primers; lanes 2, 4, 6, 8, 10, 12 and 14 are mutant speci�c detection primers.

Figure 8

Genotype mapping of the PGR gene at +331G/A; (A) +331G/A genotype frequency of GG and GA+AA; (B)
+331G/A gene frequency of G and A. The frequency was determined among 62 patients with endometrial
cancer and 66 healthy controls. EM, endometrial cancer.
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Figure 10

Comparison of PRB, PRG, and PRA mRNA expression and the ratio of PRA/PRB between the two groups
of endometrial tissues. (A) The relative expression of PRB mRNA; (B) The relative expression of PR
mRNA; (C) The relative expression of PRA mRNA; (D) The PRA/PRB ratio (a: P < 0.05). Values represent
the average + S.D. of expression levels from 62 patients with endometrial cancer and 12 healthy controls.
EM, endometrial cancer.
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Figure 12

Comparison of PRB, PRG, and PRA mRNA expression and the ratio of PRA/PRB between endometrial
cancer patients with differing genotypes. (A) The relative expression of PRB mRNA; (B) The relative
expression of PR mRNA; (C) The relative expression of PRA mRNA; (D) PRA/PRB (a: P < 0.05) Values
represent the average + S.D. of expression levels from 62 patients with endometrial cancer (?# with the
GG genotype and ?# with the GA+AA genotype) and 12 healthy controls. EM, endometrial cancer.

Figure 14

The differences in PR, PRA, and PRB protein expression and the ratio of PRA/PRB between different
genotypes. (A) Representative Western blot showing the protein expression of healthy controls and
patients with endometrial cancer of each genotype. (B) The protein expression level of PRB. (C) The
protein expression level of PRA (D) The ratio of PRA/PRB (n is the number of samples in each group, a:
P<0.05, comparison among groups; ***P<0.0001 vs. control). Representative of the results from ?#
samples of each group.


