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Abstract: Background: Platinum-based chemotherapy is the first line chemotherapy regimen for ovarian cancer
patients. However, chemotherapy resistance is observed in a large proportion of patients. It is urgently needed to
investigate prognostic biomarkers for chemo-sensitivity in ovarian cancer. Methods: Dihydrofolate reductase (DHFR)
expression was measured by immunohistochemical staining in 108 specimens, as well as DHFR mRNA variants
with qRT-PCR assays. The correlation between DHFR expression and platinum-based chemotherapy response was
analyzed. The prognostic significance of DHFR expression was evaluated in ovarian cancer. Results: Positive DHFR
expression was observed in 48 specimens, which was correlated to chemotherapy resistance in ovarian cancer
patients. Elevated DHFR2 mRNA expression, rather than DHFR1, was observed in chemotherapy resistant tumors.
Positive DHFR expression was correlated with higher histologic grade in ovarian cancer (P = 0.014). Kaplan-Meier
analysis indicated that DHFR positive expression predicted poor disease-free survival (DFS) (P = 0.040), but not
overall survival (OS) of ovarian cancer patients (P = 0.706). The prognostic value was further supported by TCGA
data analysis. Cox regression analysis indicated that positive DHFR expression was an independent detrimental
factor for disease progression for ovarian cancer patients (P = 0.016). Conclusion: DHFR level measurement was
a valuable prognostic biomarker for chemo-sensitivity of ovarian cancer. Molecular analysis for DHFR variants will
provide important evidence for chemotherapy regimen options.
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Introduction
Epithelial ovarian cancer is a common gynecologic malignancy, characterized as late-detected advanced stage disease and poor prognosis
[1]. Platinum-based chemotherapy, such as cisplatin or carboplatin, is the predominant regimen after cytoreductive surgery for advanced
stage ovarian cancer [2]. However, most
patients suffer recurrence within 2 years from
the diagnosis in spite of initial objective
response [3]. Limited chemotherapy options
aer available for the patients with platinum
resistant ovarian cancer [4]. Thus, effective
prognostic strategies for chemoresistance are
needed to improve survival.
A multifactorial procession is involved in the
development of platinum-based chemotherapy
resistance [5]. The resistant cells show the typi-

cal trait of increased DNA synthesis and repair
[6]. Dihydrofolate reductase (DHFR) participates in dihydrofolate recycling to maintain
DNA synthesis and cell proliferation [7, 8]. The
exploitation of inhibitors of DHFR leads to a halt
of cell cycle, including methotrexate and pemetrexed for breast cancer [9, 10]. Previous data
highlight elevated DHFR expression in cisplatin
resistant cells of different cancers [11], but
the clinical significance of DHFR in epithelial
ovarian cancer has not been explored, especially its role in platinum-based chemotherapy
resistance.
In present study, the expression of DHFR in
ovarian cancer tissues were analyzed with
molecular assays. The therapeutic efficiency
was evaluated for the platinum-based chemotherapy. We explored the promising value of
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DHFR expression for prognosis of the response
to first-line chemotherapy.
Materials and methods
Patients and chemotherapy administration
We collected 108 epithelial ovarian cancer tissues for this retrospective study. All the patients were diagnosed in our hospital from 2008
to 2014. Platinum-based chemotherapy was
administered followed by cytoreductive surgery. Clinical information was collected form
clinical documents, including age, tumor size,
histologic grade, lymph node metastasis, and
CA125 levels. All the patients were followed
up to evaluate the chemotherapy response.
Platinum-resistance was defined as suffering
tumor recurrence within six months, whereas
tumor recurrence aftersix months of chemotherapy was defined as platinum-sensitive. Our
study was approved by the Institutional Review
Board of Second People’s Hospital of Chengdu.
Immunohistochemical staining (IHC)
Tumor specimens were collected in Pathology
Department. Tumor sections were prepared
from each specimen, then dewaxed and hydrated as recommendation. Antigen retrieval with
citrate buffer (pH 6.0) was performed in boiled
water. Endogenous peroxidase blockage was
performed with 0.3% H2O2 solution. Ventana
Discovery XT automated staining system (Ventana Medical Systems, Inc., Tucson, AZ, USA)
was used for IHC staining. The primary antibody
for DHFR (ab82171, Abcam, Cambridge, MA)
and control IgG was used in this study.
IHC score evaluation
DHFR expression was measured with a semiquantitative system [12]. Final IHC scores were
determined by staining intensity and positive
proportion of tumor cells. The intensity of IHC
staining were ranked in three groups (no staining = 0; weak staining = 1, middle = 2, strong =
3), the percentage of stained cells were determined by the stained tumor cells in five typical
high power field. The final score was obtained
by multiplying the intensity score with the percentage score of stained cells, ranging from 0
(the minimum score) to 3 (the maximum score).
Reverse transcription-quantitative real-time
polymerase chain reaction (qRT-PCR) Trizol®
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reagent (Invitrogen, CA, USA) and PrimeScript
RT Master Perfect Real Time Kit (TaKaRa,
Japan) kits were used for total RNA preparation
and mRNA reverse transcription. Real-time PCR
analysis was performed with SYBR Green PCR
master mix (Invitrogen, CA, USA). The sequences of primers are as below: DHFR1: 5’GTCATGGTTGGTTCGCTAAACTGCA-3’, 5’-ATACATACTTTTTTCAGAGGGAGGG-3’; DHFR2: 5’-CAGAGAACTCAAGGAACCTCCACAAG-3’, 5’-GAACTGCCACCAACTATCCAGAACCAT-3’; GAPDH: 5’GTCAGTGGTGGACCTGACCT-3’, 5’-TGAGGAGGGGAGATTCAGTG-3’.
Statistical analyses
Statistical analyses were performed with
SPSS19.0 (SPSS Inc., Chicago, IL, USA) and
GraphPad Prism version 5.00 (GraphPad
Software, CA, USA). Differences between groups were evaluated by one-way ANOVA. KaplanMeier analysis and Cox proportional hazards
regression model were used for prognostic significance. P < 0.05 was considered significant.
Results
Elevated DHFR expression in platinum-based
chemotherapy resistant ovarian cancer specimens
IHC analysis was performed with totally 108
epithelial ovarian cancer specimens, and
another eight recurrent or metastatic epithelial
ovarian cancer specimens were also involved.
Positive DHFR staining was predominately
localized in the nucleus (Figure 1A). More DHFR
expression was observed in normal oviduct tissues compared to tumor tissues (Figure 1A).
Notably, increased IHC scores were observed in
recurrent or metastatic ovarian cancer specimens compared to corresponding primary
ones, which were significantly lower than normal oviduct tissues (Figure 1B). Further analysis also indicated that the tumors resulting in
disease progression during chemotherapy
showed increased DHFR scores compared to
sensitive ones (Figure 1C). ROC analysis indicated the cut-off value of IHC scores for DHFR
was 1.0 (Figure 1D). Notably, the patients with
DHFR positive ovarian cancer showed higher
percentage of disease progression during chemotherapy than those with DHFR negative
tumors (Figure 1E).
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Figure 1. DHFR expression in ovarian cancer specimens. A. IHC staining for DHFR was performed on ovarian cancer
specimens and oviduct tissues. Representative images of DHFR IHC staining are shown. Bar, 100 μm. B. IHC scores
were compared among groups, primary and recurrent ovarian cancer specimens, as well as oviduct tissues. C. IHC
scores are compared between chemotherapy sensitive and resistant ovarian cancer specimens. D. Cut-off value
of DHFR scores was determined by ROC analysis. The cut-off score = 1.0, AUC = 0.630, 95% CI: 0.524-0.736, P =
0.002. E. The percentage of chemotherapy resistance was compared between the patients with DHFR positive and
negative ovarian tumors. P = 0.01.

Increased transcription of DHFR2 but not
DHFR1 is involved in chemotherapy resistance
To further investigate the functional role of different DHFR variants in ovarian cancer chemo-
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therapy resistance, the mRNA levels of
DHFR1/2 were evaluated with tumors tissues.
The qT-PCR assays were performed with 8 chemotherapy resistant tumors and 8 sensitive tumors. Our results showed significantly
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increased DHFR2 mRNA expression in chemo-resistant
tumors versus sensitive tumors, whereas no significant
change was observed in DHFR1 (Figure 2A). Further analysis with TCGA data of epithelial ovarian cancer also indicated the prognostic value of
DHFR2 in disease progression
(Figure 2B). A higher percentage of DHFR2 high expression
was found in chemo-resistant
tumor than in the sensitive
tumor (Figure 2C), whereas no
significant difference was observed in DHFR1 expression.

Figure 2. Increased transcription of DHFR2 but not DHFR1 was involved in
chemotherapy resistance. A. qT-PCR assays for the mRNA levels of DHFR1/2,
which were analyzed with chemotherapy resistant/sensitive tumors. *P <
0.01. B. ROC analysis with TCGA data of epithelial ovarian cancer for the
prognostic value of DHFR2 in disease progression (AOC: 0.564, P = 0.03,
95% CI: 0.504-0.624). C. The percentage of DHFR2 high expression was
compared between chemo-resistant tumor and sensitive tumor. P = 0.03.
D. Histologic grade 2/3 specimens showed significantly higher DHFR scores
than grade-1 ones. P < 0.001.

Table 1. Relationship between clinical characteristics and DHFR
expression
Characteristic
Total
Age, years
< 50
≥ 50
Tumor size, cm
≤ 10
> 10
Clinical stage
I-II
III-IV
Histologic grade
I
II-III
CA125
< 400
≥ 400
Lymph node status
0
≥1
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Number (%)
108

DHFR expression
Negative
Positive
60, 55.56% 48, 44.44%

p value

45 (41.67)
63 (58.33)

22 (20.37)
38 (35.19)

23 (21.30)
25 (23.15)

0.239

66 (61.11)
42 (38.89)

38 (35.19)
22 (20.37)

28 (25.93)
20 (18.52)

0.596

34 (31.48)
74 (68.52)

19 (17.59)
41 (37.96)

15 (13.89)
33 (30.56)

0.963

36 (33.33)
72 (66.67)

26 (24.07)
34 (31.48)

10 (9.26)
38 (35.19)

0.014

58 (53.70)
50 (46.30)

31 (28.70)
29 (26.85)

27 (25.00)
21 (19.44)

0.635

44 (40.74)
64 (59.26)

25 (23.15)
35 (32.41)

19 (17.59)
29 (26.85)

0.827

The correlation between
DHFR expression and clinicopathologic features
The correlation was evaluated
between the IHC results of
DHFR expression and clinicopathologic parameters. Our
results indicated that DHFR
positive expression was associated with histologic grade (P
= 0.014). The poorly differentiated tumors showed an increased percentage of positive DHFR expression, as
shown in Table 1. Notably, histologic grade 2/3 specimens
showed significantly higher
DHFR scores than grade-1
ones (P < 0.001, Figure 2D).
However, we did not observe
significant correlation in DHFR
positive expression with age,
tumor size, clinical stage,
CA125 levels, and lymph node
metastasis (Table 1).
Positive DHFR expression
suggests progression of ovarian cancer
Survival estivation value was
analyzed for the expression
status of DHFR in ovarian
cancer patients. Kaplan-Meier
analysis showed poorer progression-free survival (DFS) in
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Figure 3. Positive DHFR expression suggests disease progression of ovarian
cancer. (A, B) Kaplan-Meier analysis of Disease-Free Survival (A) and Overall
Survival (B) for ovarian cancer patients with DHFR positive or negative expressing tumors in our center. (C, D) Kaplan-Meier analysis of Disease-Free Survival
(C) and Overall Survival (D) for ovarian cancer patients with DHFR2 mRNA high
or low expressing tumors with TCGA data.

Table 2. Cox regression analyses of progression-free survival and
overall survival for DHFR expression in ovarian cancer
Variable Analysis
Univariate
DHFR
Multivariate
Age
Size
Stage
Grade
Ca125
LNM
DHFR

HR

PFS
95.0% CI

P

HR

OS
95.0% CI

P

1.697 1.018-2.828 0.042 1.122 0.616-2.044 0.707

significant difference of
overall survival (OS) was
observed between groups
(P = 0.706. Figure 3B).
Further analysis with TCGA
data also confirmed that
elevated DHFR2 expression predicted poor PFS
in ovarian cancer, but not
OS (P = 0.042, 0.486, respectively. Figure 3C, 3D).
The independent prognostic values of DHFR expression was also analyzed
with univariate and multivariate Cox regression models. Positive DHFR expression was a risk factor for
PFS (HR, 1.697; 95% CI,
1.018-2.828, P = 0.042),
but not for OS (HR, 1.122;
95% CI, 0.616-2.044; P =
0.707, Table 2). Multivariate
analysis also supported
positive DHFR expression
was an independent risk
factor for PFS (HR, 1.975;
95% CI, 1.134-3.441; P =
0.016), but not for OS (HR,
1.122; 95% CI, 0.6162.044; P = 0.707, Table 2).
Therefore, increased DHFR
expression was an independent detrimental factor
for epithelial ovarian cancer patients.
Discussion

Platinum-based chemotherapy is a first-line regimens for epithelial ovarian
cancer after surgery [13],
but shows high percentage
of recurrence with chemotherapy treatment [14]. It is
valuable to exploit a prognostic biomarker for cheHR, hazard ratios; CI, confidence interval. The variables were compared in the following
motherapy efficacy to optiways: Age, > 50 years vs. ≤ 50 years; size, > 10 cm vs. ≤ 10 cm; Grade, G2-3 vs. G1;
mize chemotherapy optiCA125, < 400 vs. > 400; LNM, metastasis vs. none; DHFR, positive vs. negative.
ons [15]. Our study indicated that DHFR expression,
positive DHFR expression patients than negaespecially DHFR2 mRNA, was an effective biotive ones (P = 0.040. Figure 3A), whereas no
marker to predict platinum-based chemothera-
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1.470
0.740
2.648
1.797
0.914
2.181
1.975

0.853-2.535
0.408-1.342
0.863-8.127
0.608-5.315
0.503-1.663
0.804-5.912
1.134-3.441

0.165
0.322
0.089
0.289
0.769
0.126
0.016

1.211
0.768
3.320
1.236
0.989
2.048
1.122

0.635-2.308
0.362-1.629
0.84-13.129
0.352-4.342
0.467-2.092
0.688-6.094
0.616-2.044

0.561
0.492
0.087
0.741
0.977
0.198
0.707
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py resistance. Enhanced DHFR expression was
an independent prognostic biomarker for the
disease progression of ovarian cancer.
The combined regimen of paclitaxel and platinum compounds, such as cisplatin or carboplatin, was the first-line option for epithelial ovarian cancer following surgery [16]. Chemotherapy
resistance usually occurs rapidly after platinum-based regimen treatment in epithelial
ovarian cancer patients. It is still a focus to
develop more effective systemic therapies for
improved survival estimation [17]. In this case,
it was necessary to exploit biomarkers to predict chemotherapy response, which will favor
ovarian cancer patients. We focused on the
expression of DHFR in ovarian cancer tissues,
which is a valuable biomarker to predict platinum-based chemotherapy resistance. Elevated
DHFR expression in ovarian cancer tissues was
correlated with platinum-based chemotherapy
resistance. Thus, the measurement of DHFR
expression level provided important evidence
of chemotherapy options for ovarian cancer
patients.
Previous studies supported that elevated
expression of folate-dependent proteins was
involved in chemotherapy resistance, such as
thymidylate synthase [18], DHFR [19] and
phosphoribosylglycinamide formyltransferase
(GART) [20], which is crucial for cell replication.
The platinum-based chemotherapy resistant
cell lines also showed increased DNA replication and repair activity [21]. The transformation
of folate and 7, 8 dihydrofolate (DHF) into 5, 6,
7, 8 tetrahydrofolate (THF) is dependent on the
catalytic activity of DHFR, which is an essential
step in the synthesis of DNA nucleic acid bases
[7]. In this study, we provided further evidence
that folate-dependent proteins are involved in
chemotherapy resistance and disease progression of ovarian cancer. We identified that elevated mRNA levels of DHFR2, rather than
DHFR1, was positively correlated with increased
chemotherapy resistance. Furthermore, no significant correlation was observed between disease progression and thymidylate synthase or
GART mRNA levels (data not show). Further
studies are still needed for the different functional role of DHFR variants, DHFR1 and 2, in
disease progression of ovarian cancer, especially in chemotherapy resistance.
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Molecular biologic methods paved sensitive
and special ways to analyze protein expression
status. Immunohistochemical staining detects
protein by its specific antigens, which provides
evidence of protein expression levels by staining percentage and intensity in cancer tissue
[22]. Quantitative mRNA measurements with
PCR analysis identifies mRNA transcription by
specific mRNA sequence. In our study, DHFR
protein expression was determined by IHC
staining. DHFR expression was positively correlated with histologic grade, but not with other
clinical parameters. Notably, the patients with
DHFR positive tumors showed worse prognosis
than those negative ones. Further analysis with
TCGA data showed that DHFR2 mRNA exhibited prognostic value for ovarian cancer. Our
results suggest elevated DHFR2 expression
indicates poor prognosis. However, no specific
antibody for DHFR2 was validated for IHC staining previously. Further analysis for IHC staining
with DHFR2 antibody will further prove the
pathologic role of DHFR2 in ovarian cancer
development and progression.
Drugs against folate metabolism are being
investigated these years, which had been used
as potential regimens for platinum chemotherapy-resistant cancer [4]. DHFR inhibitors have
exhibited therapeutic value for cancer chemotherapy [23], such as methotrexate and pemetrexed [24], which is already used in a broad
spectrum of cancer types, including lung, colon,
and pancreatic cancer [25]. Pemetrexed is
shown to improve the progression free-survival
in resistant ovarian cancer [26, 27]. However,
notable side effects were observed in these
patients, including myelosuppression and
mucositis [28-30], which was caused by folate
metabolism inhibition in bone marrow or gastrointestinal tract lining. Limited patients were
collected in our center for those treated with
DHFR inhibitors as second or third-line therapy
after platinum-based chemotherapy resistance. Further analysis is still needed for the
therapeutic value of DHFR inhibitors in chemoresistant ovarian cancer.
Conclusion
Increased DHFR expression is positively correlated to platinum-based chemotherapy efficacy
in ovarian cancer patients. DHFR positive
expression, as well as DHFR2 mRNA expres-
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sion, indicate poor prognosis in ovarian cancer.
DHFR positive expression is an independent
detrimental factor for ovarian cancer patients.
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