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Abstract: Background: Neoadjuvant chemotherapy is a routine regimen for newly diagnosed breast cancer patients. 
However, some patients do not benefit from the treatment. Prognostic markers for chemo-sensitivity estimation are 
urgently needed. Methods: Breast cancer specimens prior to neoadjuvant chemotherapy were collected for immu-
nohistochemical staining to evaluate Dihydrofolate reductase (DHFR) levels. Further analysis was performed for the 
correlation of DHFR expression and neoadjuvant chemotherapy response, as well as the prognostic value. Results: 
Positive DHFR expression was observed in 46.2% of breast cancer specimens, which was correlated to poor neo-
adjuvant chemotherapy efficacy in newly diagnosed patients. Positive DHFR expression was correlated with higher 
histological grade (P = 0.012) and lymph node metastasis (P = 0.008). Furthermore, increased DHFR expression 
was an independent detrimental factor for the survival estimation of breast cancer patients. Conclusion: Our study 
indicates DHFR is a promising protein biomarker for neoadjuvant chemotherapy sensitivity estimation, which also 
shows prognostic value in breast cancer patients.
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Introduction

Breast cancer accounts for 30% of all newly 
diagnosed cancer in women every year, it is  
one of the main causes for cancer related 
death worldwide [1]. Neoadjuvant chemothera-
py is a routine therapeutic regimen for newly 
diagnosed breast cancer patients, which bene-
fits patients by increased excision rate and 
extended life expectancy [2]. Moreover, neoad-
juvant chemotherapy is also administrated 
before mastectomy or lumpectomy, to shrink 
tumor size and improve breast conserving rat- 
es [3]. Decreased recurrence and prolonged 
life estimation are observed in the patients 
who received neoadjuvant chemotherapy [4]. 
However, some patients do not benefit from 
neoadjuvant chemotherapy and delayed opera-
tion. Prognostic biomarkers are needed for 
chemo-sensitivity estimation, to evaluate the 
optimal treatment for the newly diagnosed 
breast cancer patients [5].

Genetic and environmental factor crosstalk is 
involved in the development of breast cancer 
[6]. Aberrant gene expression influences the 
detoxification of carcinogenic compounds as 
well as DNA synthesis, which is an important 
cause for carcinogenesis [7]. Among them, 
dihydrofolate reductase (DHFR) is a key enzyme 
in catalyzing folate metabolism, which partici-
pates in the synthesis of nucleic acids and 
amino acids [8]. DHFR facilitates malignant  
cell growth and survival which can be abolish- 
ed by methotrexate (MTX) and other inhibitors 
[9]. However, the emergence of primary and 
acquired resistance limits the benefits from 
chemotherapy [10]. Thus, it’s worthy to eluci-
date the correlation between the expression of 
DHFR and chemotherapy efficiency, especially 
neoadjuvant chemotherapy for newly diag-
nosed breast cancer patients.

In this study, we evaluated DHFR expression 
status in biopsy specimens which were collect-
ed prior to neoadjuvant chemotherapy. Further 
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analysis was performed for the correlation of 
DHFR expression and neoadjuvant chemother-
apy response, and clinicopathological features. 
The prognostic value of DHFR expression was 
also evaluated in breast cancer patients.

Materials and methods

Patients and neoadjuvant chemotherapy 
response

This retrospective study collected 158 patients 
with newly diagnosed breast cancer at the 
960th Hospital of PLA from 2013 to 2015. 
Neoadjuvant chemotherapy was administrated 
in all the patients after diagnosis. The tumor 
specimens prior to neoadjuvant chemotherapy 
were collected for further analysis. Pathological 
diagnosis and clinical information were collect-
ed from medical documents, including histo-
logic grade, lymph node metastasis and expres-
sion status of ER, PgR and HER2. Follow-up was 
performed to evaluate neoadjuvant chemother-
apy response according to Response Evaluation 
Criteria in Solid Tumors (RECIST 1.1) [11]. 
Combined proportion of clinical complete 
response (CR) and partial response (PR) was 
defined as objective response rate (ORR). 
Combined proportion of CR, PR and stable dis-
ease (SD) was defined as disease control rate 
(DCR) [12]. No evidence of invasive carcinoma 
in radical resected breast specimens after neo-
adjuvant chemotherapy was defined as patho-
logical complete response (pCR) according to 
the National Surgical Adjuvant Breast and 
Bowel Project B-18 [13]. This study was 
approved by the Institutional Review Board of 
the 960 Hospital of PLA.

Immunohistochemical staining (IHC)

IHC was performed as previously reported [14]. 
Sections from each specimen were dewaxed 
with dimethylbenzene and hydrated with a gra-
dient concentration of alcohol. Tumor tissue 
antigen retrieval was performed with citrate 
buffer (pH 6.0). Then endogenous peroxidase 
was blocked with 0.3% H2O2 solution. Prepared 
sections stained for DHFR were conducted with 
Ventana Discovery XT automated staining sys-
tem (Ventana Medical Systems, Inc., Tucson, 
AZ, USA). DHFR antibody (ab82171, Abcam, 
Cambridge, MA) was used as the primary anti-
body. Control IgG was used as negative 
control.

IHC score evaluation

IHC staining levels of DHFR were evaluated as 
previously reported [14], which were analyzed 
with a semi-quantitative system. Both staining 
intensity and positive proportion were consid-
ered for the final IHC score evaluation. All IHC 
stained sections were blindly evaluated by two 
experienced pathologists.

Statistical analysis

SPSS 19.0 (SPSS Inc., Chicago, IL, USA) was 
used for statistical analysis. The receiver oper-
ating characteristic (ROC) analysis determined 
the cutoff values of IHC scores. The correla-
tions between DHFR expression and clinical 
characteristics, neoadjuvant chemotherapy 
sensitivity were analyzed with χ2 test or Fisher’s 
exact test. The prognostic value of DHFR 
expression was determined with Kaplan-Meier 
analysis and Cox proportional hazards regres-
sion model. P value < 0.05 was considered as 
significant difference.

Results

DHFR expression levels in breast cancer speci-
mens

IHC staining was performed to evaluate the 
expression levels of DHFR in breast cancer. In 
total 158 specimens from different patients 
were involved in this study. DHFR protein was 
mainly localized in the nucleus and cytoplasm 
of the breast cancer cells (Figure 1A, 1B). 
Furthermore, DHFR expression was also 
observed in normal tissues. ROC analysis was 
performed to evaluate the correlation of DHFR 
expression levels and neoadjuvant chemother-
apy response in the 158 breast cancer patients. 
The cut-off value of IHC score = 4.5 was identi-
fied to divide the patients into two groups, 
DHER positive and negative groups. According 
to the result shown in Figure 1C, AUC (area 
under the curve) = 0.705, P = 0.001, which sup-
ported that DHFR IHC scores showed signifi-
cant value in the prognosis of neoadjuvant che-
motherapy response.

The correlations between DHFR expression 
and clinicopathological features

Further analysis was performed for the correla-
tions between DHFR expression and clinico-
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pathological features of breast cancer patients 
that received neoadjuvant chemotherapy. 
Positive DHFR expression was correlated with 
histological stage and lymph node metastasis 
(P = 0.0112 and 0.008, respectively). Positive 
DHFR expression in tumor specimens was 
more frequently observed in patients with high-
er histological grade and increased lymph node 
metastasis, as shown in Table 1. Notably, sig-
nificant higher DHFR scores were observed in 
the lymph node metastasis patients than those 
without metastasis (P = 0.035, Figure 1D). 
However, no significant correlation was 
observed in positive DHFR expression and age, 
tumor size, histological type, clinical stage and 
the expression of ER, PgR and HER2 (Table 1). 
These data suggest a potential role of DHFR in 
breast cancer progression.

The correlation between DHFR and neoadju-
vant chemotherapy response

All the patients received neoadjuvant chemo-
therapy before radical mastectomy. Among 
them, DHFR positive patients showed signifi-
cant lower overall response rate (ORR) than the 
negative ones (31.50% vs. 74.12%, P < 0.001, 
Figure 2A). DHFR positive patients also showed 
significant lower disease control rate (DCR) 
than the negative ones (75.34% vs. 94.12%, P 
< 0.001, Figure 2B). Moreover, the patients 
with poor chemotherapy response showed a 
higher percentage of DHFR positive, than those 
sensitive to neoadjuvant chemotherapy (P < 
0.001, Figure 2C). Among them, 38 patients 
achieved pCR after neoadjuvant chemothera-
py, in which only 3 patients showed positive 

Figure 1. DHFR expression in breast cancer specimens. (A, B) IHC staining of DHFR was performed with breast 
cancer specimens. Representative image of DHFR-positive (A) and -negative (B) were shown. Bar, 100 μm. (C) Cut-
off value of DHFR scores was determined by ROC analysis. The cutoff Score = 4.5, AUC (area under the curve) = 
0.705, 95% CI: 0.609-0.801, P = 0.001. (D) The correlation between DHFR scores and lymph node metastasis was 
analyzed in breast cancer tissues, which was divided into three groups: no metastasis (0), more than 5 metastatic 
lymph nodes (> 5) and 1-3 metastatic lymph nodes (1-3). P = 0.035. *, P < 0.01, which was compared to other 
groups.
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sion (P < 0.001, respectively. Figure 
3A, 3B). Furthermore, univariate 
and multivariate analysis were per-
formed to evaluate the independent 
prognostic values. Positive DHFR 
expression significantly associated 
with poor OS (HR, 4.848; 95% CI, 
1.967-11.952, P = 0.001) and DFS 
(HR, 3.564; 95% CI, 1.830-6.942;  
P < 0.001. Table 2). Multivariate 
analysis also indicated that DHFR 
expression was an independent det-
rimental factor in OS (HR, 5.000; 
95% CI, 1.919-13.025; P = 0.001), 
and DFS (HR, 3.453; 95% CI, 1.705-
6.993; P = 0.001. Table 2). Clinical 
stage and HER2 expression were 
also detrimental factors for both  
OS and DFS in multivariate analysis 
(clinical stage: OS-HR, 3.364; 95% 
CI, 1.492-7.585; P = 0.003; DFS-
HR, 2.789; 95% CI, 1.438-5.409;  
P = 0.002; HER2 expression: OS- 
HR, 2.859; 95% CI, 1.156-7.073; P = 
0.023; DFS-HR, 2.305; 95% CI, 
1.067-4.976; P = 0.034). Moreover, 
increased tumor size was also cor-
related to a poor DFS prognosis of 
breast cancer patients in multivari-
ate analysis (HR, 3.578; 95% CI, 
1.089-11.750; P = 0.036. Table 2). 
Taken together, our study indicates 
DHFR expression is an independent 
detrimental factor for breast cancer 
patients.

Discussion

Neoadjuvant chemotherapy was a 
novel choice for newly diagnosed 
breast cancer patients [15], which 

Table 1. Relationship between clinical characteristics and 
DHFR expression

Characteristic Number (%)
DHFR expression

p value
Positive Negative

Total 158 (73, 46.2%) (85, 53.8%)
Age, years 0.071
    < 50 76 (47.5) 30 (18.4) 46 (29.1)
    ≥ 50 83 (52.5) 44 (27.8) 39 (24.7)
Tumor size, cm 0.446
    ≤ 2 35 (22.2) 13 (8.2) 22 (13.9)
    2~5 100 (63.3) 48 (30.4) 52 (32.9)
    ≥ 5 23 (14.6) 12 (7.6) 11 (7.0)
Histological grade 0.012
    I 19 (12.0) 3 (1.9) 16 (10.1)
    II 48 (30.4) 22 (13.9) 26 (16.5)
    III 10 (6.3) 7 (4.4) 3 (1.9)
Lymph node status 0.008
    0 29 (18.4) 6 (3.8) 23 (14.6)
    1-3 109 (69.0) 58 (36.7) 51 (32.3)
    ≥ 4 20 (12.7) 9 (5.7) 11 (7.0)
Histological type 0.206
    IDC 146 (92.4) 67 (42.4) 79 (50.0)
    ILC 12 (7.6) 6 (3.8) 6 (3.8)
Clinical stage 0.355
    I-II 118 (74.7) 52 (32.9) 66 (41.8)
    III-IV 40 (25.3) 21 (13.3) 19 (12.0)
ER
    Positive 105 (66.5) 51 (32.3) 54 (34.2) 0.401
    Negative 53 (33.5) 22 (13.9) 31 (19.6)
PgR
    Positive 82 (51.9) 36 (22.8) 46 (29.1) 0.547
    Negative 76 (48.1) 37 (23.4) 39 (24.7)
HER2
    Positive 23 (14.6) 8 (5.1) 15 (9.5) 0.235
    Negative 135 (85.4) 65 (41.1) 70 (44.3)

DHFR expression. Significantly lower percent-
age of DHFR positive expression was observed 
in pCR patients over others (P < 0.001, Figure 
2D). Therefore, increased DHFR expression is 
correlated with poor response to neoadjuvant 
chemotherapy in breast cancer patients.

Prognostic value of DHFR expression in breast 
cancer

Survival estimation was analyzed with the 
expression status of DHFR in breast cancer 
patients. Kaplan-Meier analysis showed poor 
overall survival (OS) and disease-free survival 
(DFS) in the patients with positive DHFR expres-

benefits patients with reduced tumor loading, 
degraded clinical stage and increased resect-
ability rate [16]. Neoadjuvant chemotherapy 
resistance induces disease progression during 
treatment, which is the leading challenge for 
breast cancer patients. The prognostic bio-
marker for neoadjuvant chemotherapy efficacy 
was valuable for therapeutic options [5]. Our 
study provided evidence that DHFR was an 
effective biomarker for predicting neoadjuvant 
chemotherapy resistance. Increased DHFR 
expression associated with higher histological 
grade and lymph node metastasis, which was 
also an independent risk factor for breast can-
cer patients.
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Elevated gene expression in folate metabolic 
pathways alters the functions of detoxification 
of carcinogenic compounds and DNA synthesis 
[17]. DHFR is crucial for the metabolism of  
dihydrofolate and de novo biosynthesis of 
purines, thymidylate, which is involved in the 
processes of DNA synthesis, repair and meth-
ylation [18]. Thus, DHFR exhibits a critical func-
tion in malignant cells, including cell prolifera-
tion and metastasis [19]. Several studies have 
indicated increased DHFR expression in vari-
ous malignancy, such as adult acute lympho-

Figure 2. DHFR expression associates with poor response to neoadju-
vant chemotherapy in breast cancer. A. The comparison of overall re-
sponse rate (ORR) was analyzed between DHFR-positive and negative 
patients. P < 0.001. B. The comparison of disease control rate (DCR) 
was analyzed between DHFR-positive and negative patients. P < 0.001. 
C. The response to neoadjuvant chemotherapy (CR+PR) was correlated 
with lower percentage of positive DHFR expression. D. The pCR of neo-
adjuvant chemotherapy was correlated with lower percentage of posi-
tive DHFR expression.

Figure 3. Prognostic value of DHFR expression in breast cancer pa-
tients. Kaplan-Meier analysis of Overall Survival (A) and Disease-Free 
Survival (B) for breast cancer patients with DHFR positive or negative 
expressing tumors.

blastic [20], colorectal cancer and 
breast cancer [21]. Here in this 
study, positive DHFR expression 
was observed in about half of 
breast cancer patients. Increased 
DHFR expression was correlated 
with higher histological grade and 
lymph node metastasis. Our study 
indicated a potential role of DHFR 
in cancer metastasis and disease 
progression.

Neoadjuvant chemotherapy resis-
tant breast cancer usually shows 
higher proliferative rates [10, 22]. 
These tumor cells tend to suffer 
increased genetic damage in DNA 
repair machinery for rapid disease 
progression [23]. Residual ma- 
lignant cells after neoadjuvant  
chemotherapy develops metastat-
ic tumors through lymphatic circu-
latory system. Thus, the patients 
with enriched chemotherapy resis-
tant tumor cells will not benefit 
from neoadjuvant chemotherapy. 
Moreover, elevated DHFR expres-
sion was associated with chemo-
resistance of osteosarcoma [24]. 
Our study indicated that increased 
DHFR expression in breast cancer 
tissues predicted a poor response 
to neoadjuvant chemotherapy, 
which shed light on the optional 
therapeutic choice to reduce the 
likelihood of recurrence and me- 
tastasis. However, the standard 
therapy for the newly diagnos- 
ed breast cancer patients is far 
from perfect, and detailed mecha-
nisms of neoadjuvant chemothera-

py resistance are still needed for further in- 
vestigation.

Gene aberration in folate metabolic pathways 
showed both prognostic and predictive signifi-
cance in carcinoma [25], including thymidylate 
synthase, folate receptor, and DHFR. Elevated 
thymidylate synthase expression was associat-
ed with recurrence and death in colorectal  
cancer after surgical resection [26]. Poor prog-
nosis was also observed in high thymidylate 
synthase expressing breast cancer patients.  
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Table 2. Cox regression analysis of disease-free survival and overall survival for DHFR expression

Variable Analysis
OS DFS

HR 95.0% CI P HR 95.0% CI P
Univariate
    DHFR 4.848 1.967-11.952 0.001 3.564 1.830-6.942 < 0.001
Multivariate
    Age 1.627 0.732-3.615 0.233 0.953 0.509-1.787 0.881
    Size 6.509 0.863-49.072 0.069 3.578 1.089 -11.750 0.036
    LNM 2.182 0.595-7.998 0.239 1.583 0.643-3.898 0.317
    Stage 3.364 1.492-7.585 0.003 2.789 1.438-5.409 0.002
    Grade 0.608 0.124-2.972 0.539 0.845 0.269-2.654 0.773
    ER 0.558 0.226-1.378 0.206 0.579 0.282-1.188 0.136
    PgR 0.865 0.355-2.106 0.749 0.661 0.319-1.366 0.263
    HER2 2.859 1.156-7.073 0.023 2.305 1.067-4.976 0.034
    DHFR 5.000 1.919-13.025 0.001 3.453 1.705-6.993 0.001
HR, hazard ratios; CI, confidence interval. The variables were compared in the following ways: Age, > 50 years vs ≤ 50 years; 
size, > 2 cm vs ≤ 2 cm; Grade, G2-3 vs G1; ER, PgR and HER2, positive vs negative; DHFR, positive vs negative.

In addition, overexpression of folate receptor 
alpha is an independent prognostic factor for 
outcomes of pancreatic cancer patients [27] 
and multiple myeloma [28]. Overexpression of 
DHFR is a factor of poor survival in acute lym-
phoblastic leukemia [29]. In this study, we iden-
tified that the patients with positive DHFR can-
cer showed worse prognosis than those with 
negative ones. More importantly, DHFR expres-
sion was an independent detrimental factor for 
breast cancer patients.

Given the critical role of DHFR in purine synthe-
sis, DHFR inhibitors were developed as antican-
cer therapies [30]. However, accumulated phar-
macokinetic problems were observed in DHFR 
inhibitor treated cancer patients [31]. Moreover, 
anticancer efficacy is severely abolished by the 
development of primary and acquired resis-
tance. Increased intracellular DHFR is an 
important contributor to chemotherapy resis-
tance. More selective and effective inhibitors to 
DHFR were designed and developed, including 
small peptide-based inhibitors, which were 
promising antagonists for DHFR positive breast 
cancer administration.

Conclusion

In conclusion, DHFR expression is correlated to 
neoadjuvant chemotherapy efficacy in newly 
diagnosed breast cancer patients. Elevated 
DHFR expression in breast cancer tissues is 
more likely resistant to neoadjuvant chemo-
therapy. Furthermore, increased DHFR expres-

sion was an independent detrimental factor for 
breast cancer patients.
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