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Plasma thymidylate synthase and dihydrofolate reductase mRNA 
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in patients with advanced non-small cell lung cancer
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Background: High levels of thymidylate synthase (TS) and dihydrofolate reductase (DHFR) expression 
in tumour tissues are an indicator of ineffective responses to pemetrexed-based chemotherapy in various 
tumours, including non-small cell lung cancer (NSCLC). However, tumour tissues are highly heterogeneous, 
so a single biopsy may not reflect genetic alterations during disease progression. This study investigated the 
potential use of plasma TS and DHFR mRNA levels as biomarkers for predicting sensitivity to pemetrexed-
based chemotherapy.
Methods: Plasma samples were obtained from 245 patients with advanced NSCLC and 30 healthy donors. 
Total RNA was extracted from the plasma samples, and TS and DHFR mRNA levels were determined via 
real-time PCR. TS and DHFR mRNA levels between cancer patients and healthy controls were compared. 
The association between plasma TS and DHFR mRNA levels and tumour response to pemetrexed/cisplatin 
chemotherapy was analysed. 
Results: The plasma TS and DHFR mRNA levels decreased in patients with advanced NSCLC compared 
with healthy controls. Moreover, plasma TS and DHFR mRNA levels negatively correlated with tumour 
response to pemetrexed/cisplatin chemotherapy in patients with advanced NSCLC. Overall survival time was 
prolonged in patients with low TS mRNA expression compared with those with high TS mRNA expression, 
although the difference was not statistically significant.
Conclusions: Low expression levels of plasma TS and DHFR mRNA confer increased tumour sensitivity 
to pemetrexed/cisplatin chemotherapy in patients with advanced NSCLC. The results suggested that plasma 
TS and DHFR mRNA levels are promising biomarkers for choosing patients who are likely to respond and 
benefit the most from pemetrexed-based chemotherapy. 
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Introduction

Lung cancer is the leading cause of cancer-related deaths 
worldwide, and is among the most common cancer types 
in both men and women (1). The reported number of 
annual deaths due to lung cancer is higher than that due 
to prostate, breast, and colon cancers combined (2). Non-
small cell lung cancer (NSCLC) accounts for approximately 
80% of all lung cancer cases, and more than 85% of 
patients are diagnosed at the advanced stage of this disease. 
The medium survival of patients with untreated advanced 
NSCLC is only 4–5 months (2). The overall 5-year survival 
for lung cancer in the USA is about 15%, but it is lower in 
Europe, China, and developing countries (1). Platinum-
based chemotherapy is the standard first-line treatment for 
patients with inoperable advanced NSCLC (3). However, 
a number of studies and meta-analyses have demonstrated 
that chemotherapy results in limited improvement in 
survival in patients with advanced NSCLC, and causes 
excessive toxicity. 

Pemetrexed, a relatively new multi-target antifolate drug, 
inhibits the growth of various types of tumour, including 
advanced NSCLC (4). Previous trials have demonstrated 
that pemetrexed combined with cisplatin induces a superior 
response in patients with non-squamous cell carcinoma of 
NSCLC with a more significant decrease in the incidence 
of severe adverse events than cisplatin monotherapy (3,5). 
Pemetrexed exerts its anti-tumour function by targeting 
three key folate-dependent enzymes, namely, thymidylate 
synthase (TS), dihydrofolate reductase (DHFR), and 
glycinamide ribonucleotide formyltransferase (4,6). High 
levels of TS expression have been shown to correlate with 
reduced pemetrexed sensitivity in vitro (7). In addition, 
DHFR expression levels are reportedly associated with 
sensitivity to pemetrexed in patients with NSCLC (8). 

Tumour tissues are the major source for biomarker 
examination, but given that they are heterogeneous and 
biopsy collection is inconvenient, levels of circulating 
nucleic acids have become a useful non-invasive tool for 
monitoring changes during cancer treatment (9). With the 
development of extremely sensitive detection methods, 
such as real-time PCR and high-throughput sequencing 
machines, cancer-related RNA molecules in plasma have 
become potential biomarkers for cancer diagnostics and 
prognostics (10,11). Shen et al. (9) adopted a practical 
and convenient method for detecting plasma mRNA 
and demonstrated that the breast cancer susceptibility 
gene 1 (BRCA1) and TS mRNA levels in plasma mirror 

those in tumour tissues. In addition, they proposed that 
plasma BRCA1 and TS mRNA levels could be used as 
predictive biomarkers for docetaxel and pemetrexed 
responses in patients with gastric cancer (9). TS and 
DHFR expression levels in tumour tissues are associated 
with patient response to pemetrexed chemotherapy (12). 
Therefore, we investigated plasma TS and DHFR mRNA 
levels as potential biomarkers for identifying patients who 
may respond to and benefit the most from pemetrexed 
treatment. We present the following article in accordance 
with the REMARK reporting checklist (available at http://
dx.doi.org/10.21037/jtd-20-3185).

Methods

Patients

From July 2016 to December 2018, blood samples were 
collected from 245 patients diagnosed with NSCLC clinical 
stages III (including stages IIIA and IIIB) and IV, and 30 
healthy controls (HCs) in Nantong Tumour Hospital 
(Nantong, China). All patients were treated with six cycles 
of pemetrexed/cisplatin at intervals of 21 days as the first-
line chemotherapeutic strategy. The initial doses on the 
first day were 500 mg/m2 pemetrexed and 75 mg/m2  
cisplatin. The patients were orally administered 4 mg 
dexamethasone for 3 days, twice daily, starting from the day 
prior to chemotherapy, to reduce the incidence of severe 
adverse events. Seven days prior to chemotherapy, the 
patients were administered 1,000 g vitamin B12 and then 
once every 9 weeks until 21 days after the last pemetrexed 
dose. Moreover, the patients were orally administered  
400 g folic acid/day for 7 days prior to chemotherapy until 
21 days after the last pemetrexed dose.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by Medical Ethics Committee board of No. 2020-
A03 and informed consent was taken from all individual 
participants.

Plasma mRNA expression detection

Blood samples (5 mL) from each patient were collected 
in EDTA tubes. White blood cells were removed from 
whole blood by lymphocyte separation medium Ficoll-
Paque PLUS (GE Healthcare, USA). Total plasma RNA 
was extracted with Trizol following standard protocols. 
RNA integrity was evaluated by visualising the 18S 
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and 28S RNAs via agarose gel electrophoresis. The 
RNA was transcribed into cDNA using the M-MLV 
reverse transcription kit (Promega, USA). Real-time 
PCR was performed to detect the expressions of TS and 
DHFR genes and the housekeeping gene β-actin. Gene 
expression was calculated relative to β-actin. Primer 
and probe sequences were as previously described (6). 
The primer sequences used were as follows: TS forward 
5'-GAATCACATCGAGCCACTGAAA-3',  reverse 
5'-TTCGAAGA ATCCTGAGCTTTGG-3'; DHFR 
forward 5'-TAAACTGCATCGTCGCTGTGT-3', 
reverse 5'-GGGCAGGTCCCCGTTCT-3'; β-actin 
forward 5'-AACTACCTTCAACTCCATCA-3', reverse 
5'-GAGCAATGATCTTGATCTTCA-3'.

Tumour response evaluation

Baseline tumour assessments were performed within 28 days 
before chemotherapy. Tumour response to pemetrexed/
cisplatin chemotherapy was assessed according to the 
Response Evaluation Criteria in Solid Tumours (RECIST) 
v.1.0 as previously described (3,4). The responses were 
divided into four categories: complete response (CR), partial 

response (PR), stable disease (SD), and progressive disease 
(PD). Overall survival (OS) was measured from the date of 
enrolment to the date of death as a result of any cause or 
date of data locking.

Statistical analysis

Data are presented as mean ± standard deviation. Student’s 
t-test was used to analyse differences between two groups. 
Pearson correlation coefficient was calculated to determine 
the correlation between TS and DHFR mRNA levels. 
Survival curve calculations were performed using the 
Kaplan-Meier method, and the difference in patient survival 
was determined by log-rank test. A P value <0.05 was 
considered statistically significant for all analyses.

Results

Characteristics of patients 

The characteristics of the patients and HCs are shown 
in Table 1. Median age, sex, and smoking status were 
comparable between groups. Histologically, half of the 
patients (51%) were diagnosed with adenocarcinoma, 
whereas 39.6% and 9.4% were diagnosed with squamous 
cell carcinoma and large cell carcinoma, respectively. 
Moreover, 38.2% of the patients were diagnosed with stage 
III NSCLC (IIIA: 19.2%; IIIB: 29.0%) and 51.8% were 
diagnosed with stage IV NSCLC.

Plasma TS and DHFR mRNA levels in patients with 
advanced NSCLC

The TS (P<0.001) and DHFR (P<0.01) mRNA levels were 
downregulated in patients with NSCLC compared with 
those in HCs (Figure 1A,B). Analysis of the relationship 
between plasma TS and DHFR mRNA levels in patients 
with advanced NSCLC revealed a significant correlation 
(R2=0.4531, P<0.0001) between their expression levels 
(Figure 1C).

Response of plasma TS and DHFR mRNA levels to 
pemetrexed/cisplatin treatment

The relationship between TS and DHFR mRNA levels 
and patient response to pemetrexed/cisplatin treatment was 
also determined. Treatment efficacy was evaluated for each 
patient in accordance with the RECIST criteria version 

Table 1 Characteristics of NSCLC patients and healthy controls 

Characteristic
NSCLC patients 

(n=245)
Healthy controls 

(n=30)

Age, years 56.8±10.5 58.2±11.6

Sex, n (%)

Male 141 (57.6) 17 (56.7)

Female 104 (42.4) 13 (43.3)

Smoking status, n (%)

Smoker 95 (38.8) 13 (43.3)

Non-smoker 150 (61.2) 17 (56.7)

Histology, n (%)

Adenocarcinoma 176 (71.8)

Squamous cell carcinoma 46 (18.8)

Large cell carcinoma 23 (9.4)

Disease stage (n, %)

IIIA 47 (19.2)

IIIB 71 (29.0)

IV 127 (51.8)

NSCLC, non-small cell lung cancer.
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1.1. Overall pemetrexed/cisplatin response was defined as 
CR+PR, and ‘non-response’ was defined as PD + SD (Table 2). 
The mean TS mRNA level in the response and non-response 
groups was 2.056±0.862 and 2.732±1.051, respectively 
(Table 2, Figure 2A), and the respective mean DHFR mRNA 
were 2.189±0.963 and 2.580±1.075 (Table 2, Figure 2B). TS 
(P<0.0001) and DHFR (P<0.01) mRNA levels significantly 

decreased in the response group compared with those in the 
non-response group (Figure 2A,B).

Association between plasma TS and DHFR mRNA levels 
and OS following pemetrexed/cisplatin treatment

The association between plasma TS and DHFR mRNA 

Table 2 Summary of tumour response and plasma TS and DHFR mRNA levels

Response Case, n (%) TS mRNA DHFR mRNA

CR 3 (1.2) 1.241±1.714 1.105±0.887

PR 96 (39.1) 2.081±0.846 2.222±0.950

SD 125 (51.1) 2.692±1.091 2.544±1.096

PD 21 (8.6) 2.972±0.747 2.899±0.932

Response (CR + PR) 99 (40.4) 2.056±0.862 2.189±0.963

Non-response (SD + PD) 146 (59.6) 2.732±1.051 2.580±1.075

CR, complete response; DHFR, dihydrofolate reductase; PD, progressive disease; PR, partial response; SD, stable disease; TS,  
thymidylate synthase. 

Figure 1 Plasma thymidylate synthase (TS) and dihydrofolate reductase (DHFR) mRNA levels. (A) TS and (B) DHFR mRNA expression 
levels in plasma samples of patients with non-small cell lung cancer (NSCLC) and heathy controls (HC). Relative mRNA levels were 
calculated relative to β-actin. Lines inside the boxes denote the medians. **, P<0.01; ***, P<0.001. (C) Plasma TS and DHFR mRNA 
expression levels were significantly correlated in patients with NSCLC (R2=0.4531, P<0.0001).

*** **

R2=0.4531
P<0.00016
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levels and OS following pemetrexed/cisplatin treatment 
was determined. The mean relative TS and HDFR mRNA 
levels in the patient cohort were 2.46 and 2.42, respectively. 
The median levels of TS and HDFR mRNA expressions 
were used as the cut-off values for assigning low/high 
mRNA expression groups among the patients with cancer. 
Overall, patients with low TS mRNA levels had prolonged 
survival compared with those with high TS mRNA levels, 
although the difference was not statistically significant (11.6 
vs. 9.5 months, respectively, P=0.132; Figure 3A). Moreover, 
patients with low DHFR mRNA levels had similar survival 
times compared with those with high DHFR mRNA levels 
(10.3 vs. 10.0 months, respectively, P=0.548; Figure 3B). 

Discussion

In this study, plasma TS and DHFR mRNA levels 
decreased in patients with advanced NSCLC compared 

with those in HCs. Moreover, the plasma mRNA levels of 
these two genes were negatively correlated with tumour 
response to pemetrexed/cisplatin chemotherapy in patients 
with advanced NSCLC. Previous studies investigated the 
possible association between TS or DHFR expression levels 
and the response to pemetrexed monotherapy or combined 
pemetrexed and platinum chemotherapy in patients with 
NSCLC or other cancer types, including breast cancer 
(4,6,13,14). In those studies, the TS and DHFR levels were 
determined in terms of tumour tissue mRNA levels (13,14) 
or tumour tissue protein levels via immunohistochemistry 
and scoring (4,5). A potential association between high TS 
mRNA levels in tumour tissues and ineffective responses 
to pemetrexed monotherapy has been suggested (13). In 
addition, tumour immunohistochemistry staining has 
revealed that high TS expression in tumour tissues inversely 
correlates with response to pemetrexed monotherapy in 
patients with NSCLC (4). The results of the present study 

Figure 2 Association between plasma thymidylate synthase (TS) and dihydrofolate reductase (DHFR) mRNA levels and response to 
pemetrexed/cisplatin chemotherapy of patients with advanced NSCLC. Tumour response assessed using the Response Evaluation Criteria 
in Solid Tumours (RECIST) v.1.0. Response was defined as complete response (CR) + partial response (PR); non-response was defined as 
stable disease (SD) + progressive disease (PD). Lines inside the boxes denote the medians. **, P<0.01; ****, P<0.0001.

Figure 3 Kaplan-Meier survival curves of overall survival after pemetrexed/cisplatin chemotherapy. Median levels of (A) thymidylate 
synthase (TS) and (B) dihydrofolate reductase (DHFR) mRNA expressions used as the cut-off values for assigning patients into low/high 
mRNA groups. 
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suggested that TS gene expression is a promising biomarker 
for determining the clinical outcome of pemetrexed 
monotherapy or combined pemetrexed and platinum 
chemotherapy. Moreover, DHFR, the second target of 
pemetrexed, may also be a promising predictor of tumour 
response.

Although the expression levels of TS and DHFR in 
tumour tissues have been extensively studied, current 
knowledge on the relationship between the plasma 
mRNA levels of TS and DHFR genes and responses 
to pemetrexed monotherapy is  l imited.  With the 
development of RNA enrichment and purification 
techn iques  and  h igh ly  sens i t i ve  rea l - t ime  PCR 
technology, the determination of gene expression has 
become feasible. Numerous studies have successfully 
determined the mRNA expressions of tumour-related 
genes, such as BRCA1 and TS (9), hTRRT (10,15), 
beta-catenin (16), CXCR4 and Bmi-1 (17), in patients’ 
plasma. Moreover, plasma TS and DHFR mRNA levels 
are highly associated with disease progression and 
prognosis in patients with cancer. In the present study, 
two pemetrexed targets, namely, TS and DHFR, in the 
form of plasma mRNA, were identified in patients with 
NSCLC. The results suggested that plasma TS and 
DHFR mRNAs have potential roles in predicting tumour 
response to pemetrexed/cisplatin therapy in patients with 
advanced NSCLC. In addition, the results confirmed that 
TS and DHFR mRNAs can be used to select patients 
who are likely to respond and benefit the most from 
chemotherapy. 

Nevertheless, this study has several limitations. 
Although the correlation between plasma TS and DHFR 
mRNA levels and tumour response was established, the 
results did not indicate a significant difference in the OS 
of the patients, probably because of the small sample 
size. Moreover, the mRNAs were possibly packaged into 
exosomes and remained intact in the blood circulation, 
given that large amounts of RNAase exist in human blood. 
Thus, the total plasma mRNA in this study could not be 
conclusively confirmed as either free circulating mRNA or 
exosome-packaged mRNA. In future studies, circulating 
exosome mRNA must be ascertained if it is a more accurate 
biomarker than plasma total mRNA. 
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