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1  |  INTRODUC TION

The prognosis of breast cancer is dramatically improved owing to 
progress on the early diagnosis and effective therapy, and the sur-
vivor number is higher than any other types of cancers.1 However, 
the number of new breast cancer cases reached 2.26 million in 2020, 
accounted for 11.7% of all new tumor cases, which exceeded the 

number of new cases of lung cancer for the first time.2 Also, the sur-
vival rate of breast cancer all over the world was unsatisfactory. This 
is because most of the patients have no typical symptoms in the early 
stage, and the patients usually have advanced or even metastatic tu-
mors at the time of diagnosis.3 Therefore, searching for new diagnos-
tic markers has a great significance for the early diagnosis and the 
early detection of metastasis and recurrence of breast cancer.
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Abstract
Objectives: This study is to explore the clinical significance of folate receptor- positive 
circulating tumor cells (FR+CTC) in the early diagnosis and disease progress in patients 
with breast cancer.
Methods: Folate receptor- positive circulating tumor cells was enriched from periph-
eral blood of the patients with immunomagnetic separation method and quantitated 
by folate receptor on the CTC with the ligand- targeted PCR.
Results: The levels of FR+CTC were significantly higher in breast cancer patients 
compared	with	healthy	controls.	Detective	rate	of	FR+CTC	was	decreased	 in	19	of	
27 patients underwent the surgery in 2 weeks post- operation compared with pre- 
operation; statistical analysis showed the difference was significant. We also found 
that the combination of FR+CTC, CEA, CA125, and CA153 can significantly improve 
the diagnostic efficiency for breast cancer.
Conclusions: This study showed the detective rate of FR+CTC is significantly in-
creased in the patients with breast cancer, and the detective level is associated with 
disease progress.
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Circulating tumor cells (CTCs) spread from the original tumor 
sites to distant locations through the circulatory system and retain 
the essential characteristics of the primary tumor.4 CTC leads to dis-
tant metastasis of tumors and poor prognosis of patients; and it has 
crucial value in the early diagnosis, efficacy evaluation, and prog-
nosis estimation of breast cancer patients.5 CTC can be detected in 
the peripheral blood of cancer patients but rarely in healthy people. 
It	 is	estimated	that	there	were	1–	10/ml	CTC	in	whole	blood	of	pa-
tients with metastatic tumors.6 As a liquid biopsy, CTC technology 
has	been	included	in	the	National	Comprehensive	Cancer	Network	
guidelines and also defined as a prognostic factor for breast cancer 
by the American Joint Committee on Cancer.7

Until now, more than 50 analytical methods have been developed 
for the identification, counting, and even molecular characterization 
of CTCs. The analytical methods are divided into two categories: one 
was based on the surface marker of the cells, and another was based 
on	the	size	and	density	of	the	cells.	The	CellSearch® system is the 
most commonly used system for separation, enrichment, and count-
ing of CTCs in breast cancer, and it is the only technology approved 
by	the	United	States	FDA	for	clinical	use	in	breast	cancer,	prostate	
cancer, and colorectal cancer. The CTC methodologies from all the 
company	including	the	CellSearch® system are based on detection 
of the epithelial cell adhesion molecule (EpCAM) on the CTC, which 
have a significant defect that the expression of the epithelial marker 
is downregulated or lost during EMT.8

Folate receptor (FR) is a glycosylated phosphatidylinositol- coupled 
protein with high affinity and endocytosis and transport capacity for 
its	natural	 ligand	folic	acid.	 It	 is	a	cell	 surface	protein	 that	has	been	
proven to be an ideal tumor marker such as the non- small cell lung 
cancer. Tumor cells transport folate through folate receptors to syn-
thesize thymine. There are 500,000 folate receptors on each tumor 
cell. Except for macrophages, most normal tissues express folate re-
ceptors at negligible levels.9 However, activated macrophages are al-
most undetectable in blood samples from healthy donors or patients 
with benign diseases.10	Studies	have	shown	that	FR	is	highly	expressed	
in a variety of cancers, including breast cancer, and the high expression 
level of FR is related to the poor prognosis of breast cancer.11

In	this	study,	we,	for	the	first	time,	used	the	FR	to	detect	CTC	in	
breast cancer and evaluated the clinical significance of FR+CTC in 
the early diagnosis and efficiency in monitoring progress of breast 
cancer. Besides, we also compared the detection rate of CTC and 
traditional tumor markers in patients with breast cancer, which re-
veal a potential application on the early diagnosis and the disease 
progress monitoring.

2  |  MATERIAL S AND METHODS

2.1  |  Patients

This study enrolled 60 breast cancer female patients and 13 vol-
unteers	 from	 January	 2019	 to	 January	 2021,	 Renmin	 Hospital	 of	
Wuhan University. The diagnosis for the patients was confirmed by 

cytology or histopathology, and none of the patients had received 
anti- tumor therapy or had another tumor before enrolling in the 
study. Breast cancer stages were determined following the American 
Joint	Committee	on	Cancer's	(AJCC)	Breast	Cancer	Staging	Manual	
(8th edition).12 The peripheral blood was collected for isolation of 
CTC on the diagnosis in all patients of the cohort. The 27 patients 
underwent radical mastectomy, and the peripheral blood was also 
collected in 2 weeks after the operation. The study was approved 
by the Ethics Committee of Renmin Hospital of Wuhan University 
(WDRY2020-	K078),	 and	 informed	 consent	was	obtained	 from	pa-
tients or their families.

2.2  |  CTCs detection

Circulating tumor cells was isolated with folate receptor- positive 
(FR+) CTC isolation method using CytoploRare®	 kit	 (GenoSaber	
Biotech	Co.,	Ltd.).13 The 3 ml peripheral blood was collected in eth-
ylene	 diamine	 tetra	 acetic	 acid	 (EDTA)	 anticoagulation	 tubes	 and	
stored at 4°C. FR+CTC analysis was performed within 24 h after 
collection based on the manufacturer's instructions. The method 
includes negative enrichment of FR+circulating tumor cells with 
immunomagnetic beads to deplete leukocytes first, then CTC level 
was quantitated by ligand- targeted PCR. First, leukocytes and 
mononuclear	macrophages	were	removed	by	anti-	CD45	and	anti-
	CD14	magnetic	beads.	Then,	the	cells	were	activated	and	washed	
to free up the folate binding site. After blocking the nonspecific 
nucleic acid binding site, CTC was incubated with a proprietary 
probe consisting of a conjugate of folate and a synthetic oligonu-
cleotide, and then the excess unbound probe is washed away. The 
bound probes are finally eluted and stored at 4°C. The real- time 
PCR system was used to run fluorescent quantitative PCR to am-
plify and quantify the signal from the detection probe.12 FR+CTCs 
level was expressed as arbitrarily defined "FR units" (Fu), defined 
as the number of FR- positive CTC detected in 3 ml of blood. A 
series of standards containing oligonucleotides (10−14 to 10−19 M, 
equivalent to 2 to 2 × 105 CTC units/3 ml) is used to calibrate 
FR+CTC units. The carcinoembryonic antigen (CEA), cancer antigen 
125 (CA125), and cancer antigen 153 (CA153) were measured by 
chemiluminescent immunoassay.

2.3  |  Statistical analysis

Independent	 sample	 t	 test	 or	 paired	 samples	 t	 test	 was	 used	 for	
the comparison between two groups under different conditions. 
ANOVA	 analysis	 of	 variance	 was	 used	 for	 comparison	 between	
multiple groups. All tests are two- sided probabilities, and the differ-
ences with p value <0.05 were considered statistically significant. 
FR+CTC levels are expressed in terms of median and interquartile 
range	 (IQR).	The	 significant	differences	were	 assessed	by	 the	 chi-	
square	 test	 (for	 categorical	 variables)	 or	 Student's	 t	 test	 and	non-
parametric rank- sum tests (depends on whether the continuous 
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variables conform to the normal distribution). The receiver operat-
ing characteristic (ROC) analysis was used to evaluate the diagnostic 
efficiency, and the area under the curve (AUC) of each indicator is 
calculated, Youden index was used to determine the optimal cut- off 
threshold.	The	above	statistical	analyses	were	performed	by	SPSS	
22.0	and	GraphPad	Prism	6.0	(GraphPad	Software).

3  |  RESULTS

3.1  |  Patient characteristics

This study was enrolled 60 breast cancer patients with a mean age 
of	52	years	(range,	27–	75	years)	and	32	healthy	controls	with	an	age	
of	52	(range,	40–	66	years).	All	participants	were	women.	The	clinical	
characteristics of patients, including age, gender, tumor size (calcu-
lated	with	 the	maximum	diameter),	metastasis	 status,	 TNM	stage,	
and the expression level of tumor markers are displayed in Table 1. 
There were no significant differences between breast cancer pa-
tients and healthy controls in age and gender. The patients were 
classified based on tumor size, ie, maximum diameter of the tumor, 
in	which	17	patients	 had	 tumors	with	 the	 size	≥3	 cm	 in	diameter,	

43 patients <3 cm; also, 8 patients had distant metastases, and no 
metastases were found in the remaining 52 patients. The expression 
of tumor biomarkers (CEA, CA125, and CA153) was also examined in 
this cohort, and they showed the statistical difference between the 
breast cancer patients and the control group.

3.2  |  Association of FR+CTC levels with 
clinical traits

In	order	to	explore	the	association	of	CTC	cells	with	clinical	feature	
(metastasis, stage, survival, etc.), FR+CTC was negatively enriched 
through deleting leukocytes in the peripheral blood and quantita-
tively detected by ligand- targeted PCR with commercially avail-
able kit in the cohort. FR+CTCs level was expressed as arbitrarily 
defined "FR units" (Fu) as described in method section. The levels 
of FR+CTC	in	breast	cancer	patients	and	healthy	people	were	10.95	
(7.28–	14.15)	 FU/3	 ml	 and	 6.93	 (5.46–	8.19)	 FU/3	 ml,	 respectively,	
which is significantly higher in breast cancer patients compared with 
healthy controls (p < 0.05) (Figure 1). The association of the FR+CTC 
levels	with	clinical	features	was	further	explored.	No	difference	of	
the FR+CTC	level	was	observed	in	the	patients	with	age	≥45	years	
vs. <45	years	 and	 tumor	 size	≥3	 cm	vs.	<3 cm (Figure 2A,B). The 
FR+CTC level was significantly higher in the patients with distant 
metastasis	10.3	 (6.95–	13.71)	compared	 to	 that	without	metastasis	
14.28	(9.83–	34.06)	(p < 0.05, Figure 2C). Also, no significant differ-
ence was observed in FR+CTC	level	in	the	four	TNM	stages,	which	
may	be	due	 to	 the	 small	 sample	 size	 (Figure	2D),	 but	 the	FR+CTC 
level	was	 significantly	 higher	with	high	TNM	stage	 (stage	 III	+	 IV,	
11.3	 (9.1–	14.48))	 than	that	with	 low-	stage	tumors	 (stage	 I	+	 II,	8.1	
(5.5–	13.2))	(p < 0.05, Figure 2E).

TA B L E  1 Clinical	feature	of	the	participants	in	the	cohort

Variable

Breast cancer 
patients
(n = 60)

Control
(n = 32) p

Age

≤45	years 17 (28.3%) 6 (18.8%) >0.05a

>45 years 43 (71.7%) 26 (81.3%)

Gender

Female 60 (100%) 32 (100%) — 

Tumor size (maximum diameter)

≥3	cm 17 (28.3%) >0.05b

<3 cm 43 (71.7%)

Metastasis status

Yes 8 (13.3%) <0.05b

No 52 (86.7%)

TNM	stage

Ⅰ 17 (28.3%) >0.05b

Ⅱ 17 (28.3%)

Ⅲ 18 (30.0%)

Ⅳ 8 (13.3%)

CEA 1.58 ± 2.04 0.87 ± 0.55 >0.05a

CA125 14.25 ± 14.82 7.91	± 3.11 >0.05a

CA153 12.87 ± 16.00 5.61 ± 4.83 <0.05a

Abbreviations: CA125, carbohydrate antigen 125; CA153, carbohydrate 
antigen 153; CEA, carcinoembryonic antigen.
aDenoted	the	statistical	difference	between	the	breast	cancer	patients	
and the control group.
bDenoted	the	differences	among	the	subgroups	in	the	breast	cancer	
patients.

F I G U R E  1 Folate	receptor-	positive	circulating	tumor	cells	
(FR+CTC) levels in breast cancer patients and healthy people. The 
box-	and-	whisker	plot	showing	the	median	and	IQR	of	FR+CTC 
levels in breast cancer patients and healthy people. The average 
FR+CTC level of 60 patients was 12.38 FU per 3 ml, and 32 healthy 
people	was	6.93	FU	per	3	ml
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3.3  |  FR+CTC levels in paired samples from pre- 
operation and post- operation

In	 the	 cohort,	 27	 of	 60	 patients	 underwent	 the	 surgery,	 and	 the	
FR+CTC level was compared 2 weeks post- operation vs. pre- 
operation. Results showed that the FR+CTC	 level	 in	 19	 patients	
decreased after the operation, and statistical analysis showed the 
difference in FR+CTC was significant (p < 0.05 (Figure 3).

3.4  |  AUC for FR+CTC and tumor markers

We also used receiver operating characteristic (ROC) analysis to 
evaluate the diagnostic performance of FR+CTC and tumor markers. 
ROC curve reveals the discriminant thresholds based on the probabil-
ity	of	positive	results	(sensitivity	against	1	−	specificity)	in	individual	
subjects. The area under the curve (AUC) is a measure of the over-
all accuracy of the dichotomous methods of the measurements. We 

F I G U R E  2 Folate	receptor-	positive	
circulating tumor cells (FR+CTC) levels 
and clinical traits. The violin plot showing 
the	median	and	IQR	of	FR+CTC levels 
in stratified analysis of breast cancer 
patients. Every points denoted every 
participant. (A) Comparison of CTC levels 
in	patients	with	≤45	years	and	>45 years. 
(B) Comparison of CTC levels in patients 
of	tumor	maximum	diameter	≥3	cm	and	
<3 cm. (C) Comparison of CTC levels in 
patients without metastasis and with 
distant	metastasis.	(D)	Comparison	of	CTC	
levels	in	patients	of	TNM	stage	(I,	II,	III,	
and	IV).	(E)	Comparison	of	CTC	levels	in	
patients	of	TNM	stage	(I	and	II,	III	and	IV)

F I G U R E  3 Folate	receptor-	positive	circulating	tumor	
cells (FR+CTC) levels in paired samples from pre- operation 
and	post-	operation.	In	the	breast	cancer	group,	27	patients	
had a preoperative FR+CTC level of 13.20 FU per 3 ml and a 
postoperative FR+CTC	level	of	10.41	FU	per	3	ml.	Among	them,	19	
patients had a downward trend
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compared the AUC of FR+CTC level and other breast tumor markers 
(CEA, CA125, and CA153). Results showed that the AUC of FR+CTC 
(0.778,	 95%	 CI:	 0.686–	0.871)	 is	 larger	 than	 other	 tumor	 markers	
(Figure 4). The cut- off value of FR+CTC for breast cancer diagnosis 
was	9.08	Folate	Unit/3	ml,	the	sensitivity	was	63.33%,	and	the	speci-
ficity	was93.75%.	To	improve	the	accuracy	of	diagnosis,	we	analyzed	
the AUC by combining FR+CTC	with	the	tumor	markers.	It	is	worth	
noting that, the combination (FR+CTC, CEA, CA125, and CA153) 
can significantly improve the diagnostic efficiency of breast cancer 
(AUC = 0.8865) compared with a single tumor marker (Figure 4).

4  |  DISCUSSION

The concept of CTC that malignant cells in the blood vessels of pa-
tients with metastatic cancer were similar to the primary tumor is 
first	proposed	in	1869.14 As CTC is an extremely rare cell in blood 
vessels, CTC detection is technically challenging. The technology for 
the detection of CTC has attracted more and more attention in the 
past two decades.15	However,	only	one	product	 from	CellSearch® 
is	approved	by	the	FDA,	and	this	product	has	not	been	widely	ac-
cepted by the medical field because of its expensive equipment, high 
cost,	 low	sensitivity	and	selectivity,	and	other	 limitations.	 In	order	
to overcome these limitations, various CTC detection techniques 
have	been	developed.	In	this	study,	CTC	detection	is	based	on	the	
principle of ligand- targeted PCR. The detection probe is composed 
of folate analog and oligonucleotide chains. Folic acid analogs can 
bind to α- folate receptors on CTCs, while oligonucleotide chains are 
used for subsequent PCR amplification. One CTC can combine tens 
of thousands of probes, and one probe is magnified tens of millions 
of times after PCR amplification. Therefore, even trace amounts of 
CTCs can be detected in a small amount of blood, which indicated 
the method has high sensitivity.

Folate	receptor	(FR)	is	a	high-	affinity	glycosylphosphatidyl	(GPI)-	
anchored membrane protein, which has 4 subtypes, namely FR alpha 
(FRA),	beta	(FRB),	gamma	(FRG),	and	delta	(FRD).16 FR- α is selected 
in	this	kit.	It	is	reported	that	the	expression	of	FR-		α has a specificity 

of	tissue	and	tumor.	It	is	mainly	expressed	in	epithelial	tumors,	such	
as non- small cell lung cancer,13 endometrial adenocarcinoma,17 and 
breast cancer.18 FR plays a crucial role in the occurrence, devel-
opment, and metastasis of cancer, and it is becoming a target for 
effective	treatment	and	detection	of	personalized	medicine.	In	ad-
dition, clinical research evidence from different secretory epithelial 
solid tumors indicates that FR may also be a negative prognostic 
marker associated with chemotherapy resistance in some malignant 
tumors.19	 In	 the	 current	 study,	we	 for	 the	 first	 time	 used	 LT-	PCR	
technology to identify FR+breast tumors, which reveal the potential 
significance on the early diagnosis of breast cancer.

This study showed that the level of FR+CTC in breast cancer pa-
tients was significantly higher than that in healthy controls, and in the 
patients with distant metastasis compared to that without metastasis, 
also	in	TNM	patients	with	high-	stage	tumors	than	low-	stage	tumors.	
These data reveal that FR+ CTC is closely related to the malignant 
degree of breast cancer, and it may be one of the independent prog-
nostic predictors. We also found the method has very good sensitivity 
(63.33%)	and	the	excellent	specificity	(93.75%).	Also,	the	diagnostic	ef-
ficiency of FR+CTC is higher than that of traditional tumor markers, par-
ticularly the combined diagnosis model of FR+CTC with tumor markers 
has achieved satisfactory diagnostic validity. Therefore, our data reveal 
FR+CTC has great potential value in clinical diagnosis of breast cancer.

We also observed the dynamic changes of CTC in the peripheral 
blood of breast cancer patients before and after surgery. Considering 
that the operation may lead to the massive release of CTC into the 
blood, resulting in a transient increase in CTC, the postoperative 
blood collection time is 2 weeks after surgery. The results demon-
strated that the CTC of most patients showed a downward trend 
after surgery (n =	19),	and	the	difference	was	statistically	significant.	
This data indicated that once the primary tumor is removed, CTC 
shows a decrease trend, which is because CTC originates from the 
primary tumor. However, there are still a few patients with elevated 
CTC levels, and we speculate whether it is due to undetected occult 
lesions, which was not validated owing to the lack of follow- up data.

In	 summary,	 this	 study	 examined	 the	 clinical	 significance	
of FR+CTC detection in the diagnostic screening and progress 

F I G U R E  4 AUC	of	ROC	analysis	for	
folate receptor- positive circulating tumor 
cells (FR+CTC), carcinoembryonic antigen 
(CEA), cancer antigen 125 (CA125), 
and cancer antigen 153 (CA153), and 
that in their combination. FR+CTCs, 
AUC =	0.778,	95%	CI	= 0.6860 to 0.8707, 
p = 0.001; CEA, AUC =	0.614,	95%	
CI	=	0.4974	to	0.7307,	p = 0.073; CA125, 
AUC =	0.625,	95%	CI	=	0.5099	to	0.7396,	
p = 0.05; CA153, AUC =	0.725,	95%	
CI	= 0.6141 to 0.8353, p = 0.004; The 
combined diagnosis model, AUC = 0.887, 
95%	CI	=	0.8212	to	0.9518,	p < 0.001
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monitoring of breast cancer. The detection of FR+CTCs in peripheral 
blood is simple, noninvasive methods with high sensitivity and spec-
ificity.	It	can	be	used	as	a	potential	biomarker	for	auxiliary	diagnosis	
and early detection in breast cancer patients. Although this method 
has certain limitations and cannot be used as a specific tumor marker, 
it can provide auxiliary diagnostic help when the imaging results 
are not clear. However, the number of the enrolled patients in this 
study is small; the follow- up data in some patients are missing, and 
it lacks of further prognostic survival analysis. Much bigger cohort 
is needed to further verify the clinical significance of this method in 
breast cancer and other tumors in the future.
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