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Abstract
Aim: A newly developed cervical cancer screening method – folate receptor–mediated epithelium staining
utilizes methylene blue internalized by folate receptor–mediated endocytosis to stain cervical intra-epithelial
neoplasia. We test the clinical feasibility of this method in this study.
Methods: A total of 14 344 women who were at least 21 years old and had been sexually active, participated
in the study. In gynecological clinics, participants underwent cervical cancer screening with folate receptor–
mediated epithelium staining followed by cytology sampling. The color change of methylene blue in the
cervical neoplastic epithelium can then be detected by the cotton swabs placed inside the cervix. A change
of color to blue, bluish black or black is positive, whereas a change of color to green or no color change
indicates negative result. Three hundred and twenty-three women who were positive with either or both tests
had histopathologic diagnosis.
Results: The sensitivity, specificity, positive predictive value and negative predictive value of folate receptor–
mediated epithelium staining for cervical intra-epithelial neoplasia grade 2 and worse was 85.7%, 76.4%,
61.3% and 92.5%, respectively. Folate receptor–mediated epithelium staining had moderate agreement with
cytology thresholded at atypical squamous cells, unable to exclude a high grade intra-epithelial lesion and
was more sensitive that the later (85.7% vs 74.5% for intra-epithelial neoplasia grade 2 and worse; 89.2%
vs 75.4% for intra-epithelial neoplasia grade 3 and worse).
Conclusion: Folate receptor-mediated epithelium staining is capable of detecting cervical precancerous and
cancerous lesions rapidly and cost-effectively.
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INTRODUCTION
Cervical cancer is the third most common cancer in
women worldwide and the second in regions with high
incidence and mortality rate.1 In East Africa, cervical
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cancer incidence and mortality rate was 43% and 31%,
respectively.1 In developing countries with low socioeconomic indices, the high incidence and mortality rate of
cervical cancer is attributed most likely to lack of periodic
screening for early detection of cervical precancerous lesions, thus missing the golden time window for effective
treatment.
Currently, well-accepted cervical cancer screening
guidelines in developed countries include periodic Papanicolaou test (Pap smear) and/or human papilloma virus
(HPV) DNA testing.2 However, the above-mentioned
screening methods require experienced pathologists for
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result interpretation and advanced technology for HPV
DNA testing, which makes cervical cancer screening less
accessible to women in developing countries with limited
medical resources. Therefore, cervical cancer screening
programs tailored to women in various socioeconomic
regions worldwide are critical to lower the incidence and
mortality rate of the disease. As part of the global cancer prevention initiatives, innovative efforts have been
made to develop effective and low-cost cervical cancer
screening methods, which warrant simple procedures and
timely results, especially in regions with high incidence
and mortality rate worldwide to reduce cervical cancer
death.3–6
Since decades ago, a growing number of studies have
revealed that folate receptor subtype alpha (FRα) are
overexpressed on the surface of cancerous cells of gynecological origin, but few expression found on normal epithelial cells.7–12 Recently, a promising research avenue of
translating basic research findings to clinical application
is the delivery of nanoparticles and antitumor drugs into
malignant cells through FRα-mediated endocytosis to improve diagnostic accuracy and personalized chemotherapy in the management of gynecological cancer.13–15
Many factors including genetic predisposition, viral infection, chronic inflammation, contraceptive use, smoking and nutrition have been found to contribute to the
etiology of cervical cancer, among which persistent infection with high-risk HPV genotypes 16 and 18 is the
major cause for neoplastic transformation of cervical epithelial cells.16–18 It is well known that folic acid participates in “one-carbon metabolism” by donating “methyl”
groups, which are directly involved in DNA methylation
and synthesis.19,20 Epidemiological studies indicate that
women with folate deficiency have an increased risk of
HPV infection and that high folate concentration in cervical epithelial tissue is associated with persistent HPV
infection.11,21 Moreover, the carcinogenic effect of persistent high-risk HPV infection can be attributed at least
partly to aberrant methylation of HPV DNA and promoter hyper-methylation of selected host tumor suppressor genes and genes controlling apoptosis.22–26 It has been
found that higher rate of methylation of certain host
promoter genes is associated with higher grade of cervical intra-epithelial neoplasia (CIN).11 Furthermore, the
synergistic effect of low serum folate concentration, persistent infection with HPV genotype 16 and promoter
hyper-methylation of specific tumor suppressor genes
plays an important role in promoting natural progression from high-grade CIN to invasive squamous cell
carcinoma.11,17,21 In vitro experiment using Hela cell line
expressing high density of FRα has demonstrated that
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downregulation of FRα by mRNA silencing can inhibit
cancer cell proliferation and, in turn, promote apoptosis.7
In this study, we assess the clinical performance of a
newly developed cervical cancer screening modality – folate receptor-mediated epithelium staining (FRDTM ) in
gynecologic clinics and compare it to that of liquid-based
thin layer cytology in the same population.

MATERIALS AND METHODS
Chemical composition of FRDTM solution (Shaanxi
Gaoyuan Medical Equipment Service Co., Ltd., China):
FRDTM solution is composed of reduced methylene blue
(MB)-folic acid conjugate, dimethyl sulfoxide, ascorbic
acid and trace amount of folic acid. FRDTM solution has
a light brown color.
Mechanism of action of FRDTM (Fig. 1): When FRDTM
solution is applied to the cervical epithelia with FRα overexpression, folic acid binds to FRα, which triggers folate
receptor–mediated endocytosis of reduced MB–folic acid
conjugate. Reduced MB and folic acid dissociates from
FRα in the late endosome. In the cytoplasm, reduced MB
(colorless) is converted to oxidized MB (blue) by intracellular oxygen reactive species (ROS). Evidence has shown
that iron overload in cancerous cells contributes significantly to the formation of intracellular ROS.27,28 The
redox status of MB, which determines the color of the
FRDTM solution, varies depending upon the amount of intracellular ROS, iron ions and intra- and extracellular pH
value. The color changes of the FRDTM solution caused by
MB oxidation can be detected by two cotton swabs: one
placed on the ecto-cervix and the other inserted inside the
cervical canal. A change of color to blue, bluish black or
black observed on the cotton swabs indicates the presence of abnormal cervical lesions (ࣙCIN2), whereas no
change in color (light brown) or a color change to green
is indicative of normal and/or noncancerous cervical epithelia, such as chronic inflammation.
Cervical cancer screening with FRDTM : This study was
approved by local Institutional Review Board, Shaanxi,
China. A total of 14 344 women who were at least 21
years old (average age: 48.0 ± 6.3 years old) and had
been sexually active, participated in the study (Fig. 2).
Written consent was obtained from all the participants.
Exclusion criteria included (1) acute inflammation of the
cervix and/or vagina, (2) menstruation, (3) pregnancy,
(4) undergoing folate receptor–mediated anticancer
treatment, (5) douching or spermicidal jelly inside the
cervix and/or vagina within 48 h prior to FRDTM , (6)
cytology or HPV DNA sampling within 48 h prior to
FRDTM , (7) colposcopy within 7 days prior to FRDTM , (8)
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Figure 1 Mechanism of action of FRDTM . Folate receptors
(subtype α) are over-expressed on the surface of neoplastic epithelial cells. (1) Reduced methylene blue (MB)-folic acid conjugate binds to folate receptor α, triggering endocytosis; (2) reduced MB folic acid conjugate dissociates from folate receptor
α in the acidic micro-environment; (3) reduced MB (colorless)
is converted to oxidized MB (blue) by the intracellular reactive
oxygen species; (4) folate receptors recycle back to the cell surface; (5) oxidized MB (blue) leaks out of the epithelial cell, which
is detectable. FRDTM , folate receptor-mediated epithelium staining; MB, methylene blue.

biopsy or endo-cervical curettage within 90 days prior to
FRDTM and (9) total hysterectomy.
FRDTM screening procedure: (1) Place the participant
in lithotomy position to expose the cervix; (2) take out
the two cotton swabs from the FRDTM kit and dip them
in the FRDTM solution for 2 s until saturated; (3) with
the aid of a speculum, insert the small cotton swab into
the cervical canal to a distance of 1.5–3.0 cm by pushing the handle attached to it, then rotate the handle 360°
clockwise to stain the columnar epithelium; (4) remove
the small cotton swab; (5) insert the large cotton swab
into the vagina by pushing the handle attached to it until
its distal end reaches the ecto-cervix; (6) smudge the surface of the ecto-cervix with the cotton swab by rotating
the attached handle clockwise for five rounds, then gently push the handle for 10 s to warrant a full stain of the
ecto-cervix; (7) remove the large cotton swab; (8) carefully inspect both cotton swabs within 30 s upon removal
for any color change that has occurred and compare the
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altered color(s) to the reference colors; (9) report positive
results indicated by a color change to blue, bluish black,
or black shown on either cotton swabs in an area(s) of no
less than 2 × 2 mm and negative results indicated by no
color change (light brown) or a color change to green.
Unsatisfactory FRDTM staining could result from significant bleeding from the cervix and/or vagina. If significant contact bleeding occurs, the cotton swabs might be
contaminated by the blood resulting in false positives or
false negatives.
Liquid-based thin layer cytology: Cytology samples
were taken after the FRDTM . Exfoliated cervical epithelial cells were collected from the cervix using a special
brush and prepared for cytology (Shaanxi Gaoyuan Medical Equipment Service Co., Ltd). The Bethesda System
developed by the American National Cancer Institute was
used for cytology categorization.29,30 The thresholds for
cytology were set at both presence of atypical squamous
cells of undetermined significance (ASCUS) and presence
of atypical squamous cells, unable to exclude high grade
intraepithelial lesion (ASC-H).
A total of 784 women including 728 who were positive with either FRDTM or cytology or both and 56 who
had clinical symptoms with negative screening results underwent colposcopy. Women who had negative FRDTM
and cytology results were excluded from colposcopy. Because of limited medical resources, only women who had
suspicious lesions under colposcopy underwent biopsy to
obtain histopathologic diagnosis. Sensitivity, specificity,
positive predictive value (PPV) and negative predictive
value (NPV) were calculated for both FRDTM and cytology using the histopathology as definitive diagnosis.
Kappa value was used to assess whether there was any
agreement in screening performance between FRDTM and
cytology. Positive detection rate (PDR) for CIN2+ and
CIN3+ was compared between FRDTM and cytology using Chi-square McNemar test within spss 23. The statistical threshold was set at P < 0.05.

RESULTS
A random sample of 994 women were selected to test
FRDTM interrater variability. The FRDTM interrater agreement rate was 92.3%. FRDTM and cytology thresholded
at ASC-US had same positive rate of 3.4%. Among
the 14 344 women, 488 were FRDTM positive and 483
were cytology positive including 360 ASUCS, 42 ASCH, 50 low-grade squamous intra-epithelial lesion and 31
high-grade squamous intra-epithelial lesion. A total of
784 women underwent colposcopy, of whom, 185 were
positive from both FRDTM and cytology, 269 were FRDTM
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Figure 2 Flowchart of the study.
FRDTM , folate receptor-mediated
epithelium staining; CIN, cervical
intraepithelial neoplasia.

positive and cytology negative, 274 were FRDTM negative and cytology positive and 56 were negative from
both tests. A total of 369 women had biopsy due to
suspicious lesions under colposcopy, of whom, 46 were
excluded from statistical analysis to minimize selection
bias for that they underwent colposcopy only because
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of clinical symptoms rather than positive screening results. The resultant 323 women were used to calculate
clinical performance of FRDTM and cytology. For the
screening performance in the 323 women, FRDTM had
moderate agreement with cytology thresholded at ASC-H
(κ-value = 0.52), but had poor agreement with cytology
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Table 1 FRDTM and cytology results and corresponding detection rate by severity of histopathology diagnosis
FRDTM

Histopathology

Cytology (ࣙASCUS)

Cytology (ࣙ ASC-H)

Diagnosis

+

−

% DR

+

−

% DR

+

−

% DR

Norm or
inflammation
(N = 202)
CIN1 (N = 23)
CIN2 (N = 33)
CIN3 (N = 56)
Cancer (N = 9)
Total = 323

47

155

76.7

180

22

10.9

33

169

83.6

6
26
49
9
137

17
7
7
0
186

26.1
78.8
87.5
100
NA

23
33
55
9
300

0
0
1
0
23

100
100
98.2
100
NA

8
24
41
8
114

15
9
15
1
209

34.8
72.7
73.2
88.9
NA

FRDTM , folate receptor-mediated epithelium staining; ASC-US, atypical squamous cells of undetermined significance; ASC-H, atypical squamous cells,
unable to exclude high grade intraepithelial lesion; CIN, cervical intra-epithelial neoplasias; DR, detection rate.

thresholded at ASCUS (κ value = −0.15). The detection
rate of FRDTM and cytology for different histopathological diagnosis is summarized in Table 1.
Although cytology thresholded at ASCUS had
higher than FRDTM for CIN2+ (99.0% vs 85.7%,
P = 0.001), there was no significant difference between
them for CIN3+ (98.5% vs 89.2%, P = 0.07). PDR
of FRDTM for CIN2+ and CIN3+ was slightly higher
than that of cytology thresholded at ASC-H (85.7% vs
74.5% for CIN2+, P = 0.027; 89.2% vs 75.4% for
CIN3+, P = 0.049). The sensitivity, specificity, PPV and
NPV of FRDTM and cytology for CIN2+ and CIN3+ are
summarized in Table 2. Representative FRDTM results
are illustrated in Figure 3.

DISCUSSION
Despite the fact that substantial evidence from basic and
clinical research has revealed that folate receptors are
overexpressed on the surface of cancerous cells of epithelial origin from gynecological malignancy,12,31,32 FRDTM is
a pioneer in translating those basic research findings into
clinical application of folate receptor–mediated staining
of neoplastic epithelia for early detection of cervical cancer. It has been found that aberrant methylation of critical host genes including site-specific hypo-methylation of
genomic DNA and promoter hyper-methylation of tumor suppressor genes and genes controlling apoptosis
plays an integral role in carcinogenesis.20–26,33,34 Most recently, studies have shown that persistent high-risk HPV
infection associated with folate deficiency contributes
significantly to the etiology of cervical cancer by disrupting DNA replication and repair in host cells as a
result of aberrant methylation of a variety of important genes.21,22,24,35 Thus, it is logic to presume that in-
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creased demand for folic acid resulted from aberrant
DNA methylation, DNA repair and cell proliferation during cervical carcinogenesis plays a critical role in stimulating FRα overexpression at transcriptional and translational level.35,36 In line with the above-mentioned hypothesis, FRDTM is designed for rapid detection of cervical neoplastic epithelium through visualization of its
color change captured by the epithelium staining applicator inserted inside the cervix when reduced MB
(colorless), which is delivered intracellularly by folate
receptor–mediated endocytosis, is converted to oxidized
MB (blue) by ROS accumulated during the process of cervical carcinogenesis.37–39
This study has demonstrated that FRDTM is capable of
rapid detection of precancerous and cancerous lesions of
the cervix with relatively high sensitivity and specificity.
However, caution needs to be paid regarding the clinical
performance of FRDTM , as only women who were positive from at least one of two screening tests (FRDTM or cytology) were included in the statistics. Compared to general population, there was a tendency of under-estimating
both sensitivity and specificity due to an increased likelihood of including more false negatives and/or less true
negatives in the statistics. The small sample size and the
selection bias in terms of FRDTM test negatives limit generalizability of the current findings. Nevertheless, the primary goal of the current study was to test clinical feasibility of FRDTM and to compare whether there was
any agreement in screening performance between the
newly developed FRDTM and cytology. We found moderate agreement in screening performance between FRDTM
and cytology thresholded at ASC-H. Specifically, FRDTM
was more sensitive than cytology thersholded at ASCH for detecting cervical lesions (CIN2+ and CIN3+).
Future randomized controlled trials with a large sample
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Table 2 Clinical performance of FRDTM and cytology
Statistical parameters

Sensitivity (95% CI)
FRDTM
Cytology: ࣙ ASC-US
Cytology: ࣙ ASC-H
Specificity (95% CI)
FRDTM
Cytology:ࣙ ASC-US
Cytology: ࣙ ASC-H
Positive predictive
value (95% CI)
FRDTM
Cytology: ࣙ ASC-US
Cytology: ࣙ ASC-H
Negative predictive
value (95% CI)
FRDTM
Cytology: ࣙ ASC-US
Cytology: ࣙ ASC-H

CIN2 and worse

CIN3 and worse

N = 98

N = 65

85.7% (77.4%–91.3%)
99.0% (94.4%–99.8%)
74.5% (65.1%–82.1%)

89.2% (79.4% - 94.7%)
98.5% (91.8%–99.7%)
75.4% (63.7%–84.2%)

76.4% (70.5%–81.5%)
9.8% (6.5%–14.4%)
81.8% (76.2%–86.3%)

69.4% (63.5%–74.7%)
8.5% (5.7%–12.6%)
74.8% (69.2%–79.7%)

61.3% (53.0%–69.1%)
32.3% (27.3%–37.8%)
64.0% (54.9%–72.3%)

42.3% (34.4%–50.7%)
21.3% (17.1%–26.3%)
43.0% (34.3%–52.2%)

92.5% (87.8%–95.5%)
95.7% (79.0%–99.2%)
88.0% (83.0%–91.8%)

96.2% (92.4%–98.2%)
95.7% (79.0%–99.2%)
92.3% (87.9%–95.2%)

FRDTM , folate receptor–mediated epithelium staining; CI, confidence interval; CIN, cervical intraepithelial neoplasias; ASC-US, atypical squamous
cells of undetermined significance; ASC-H, atypical squamous cells, unable to exclude high-grade intraepithelial lesion.

size are needed to validate the current results and gain
generalizability.
FRDTM is easy to perform and does not require sophisticated laboratory technology and/or experienced
pathologists for test result interpretation. Compared to
Pap smear, FRDTM enables gynecologists to obtain test results immediately (within 30 s) after the screening, which
empowers gynecologists to make timely decision on appropriate patient management, facilitating patient compliance with follow-up procedures. In addition, FRDTM
requires minimal training and technical support. Due to
its advantage of rapid visualization of abnormal cervical
lesions in a cost-effective way, health care professionals
can make cervical cancer screening accessible to women
worldwide, especially in regions with limited medical resources. This newly developed screening modality based
on the research advance in folate receptor overexpression
during cervical carcinogenesis adds an important component to the existing cervical cancer screening methods.11,21
In view of its clinical feasibility and affordability, FRDTM
holds great potential for being implemented worldwide in
large-scale population-based cervical cancer screening to
reduce the incidence and mortality rate of cervical cancer.
It is well acknowledged that insufficient sampling from
the endo-cervix has led to increased missing diagnosis of
adenocarcinoma of the glandular epithelium compared
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to carcinoma of the squamous epithelium. A recent report reveals that 25% of cervical cancer is columnar epithelial origin and that the incidence of cervical adenocarcinoma is increasing in the United States.41 By delivering
sufficient staining solution into the cervical canal, FRDTM
is well suited for early detection of abnormal glandular
lesions. As few glandular lesions were diagnosed in this
study, future studies are needed to evaluate the detection
rate of precancerous lesions of the columnar epithelium
and the incidence of cervical adenocarcinoma by means
of FRDTM .
Visual inspection of the aceto-whitening (VIA) phenomenon has been used as an alternative cervical cancer
screening method in regions where accessibility of cytology and/or HPV-DNA is sparse.42 However, given the fact
that VIA screening is based on unaided visual inspection
of aceto-whitening lesions of the ecto-cervix, especially
the transformation zone, sensitivity and specificity of VIA
screening vary largely due to lack of objective criteria for
positives.43,44 In addition, it is almost impossible to detect
abnormal lesions in the cervical canal via unaided VIA.
In contrast, FRDTM is intended to provide complete staining of the neoplastic epithelia with folate receptor overexpression of the entire cervix, for which it is more suitable as an alternative cervical cancer screening method to
reduce cervical cancer death worldwide.
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Figure 3 FRDTM screening results. Color reference card used
to determine FRDTM results. No change in color, that is light
brown (1) or a change of color to green (2) is indicative of negative results. A change of color to blue (3), bluish black (4) or
black (5) is positive and is indicative of an abnormal cervical lesion (CIN2+). (a) Negative FRDTM result. The light brown color
shown on the small and the large cotton swabs indicates negative result, suggesting normal ecto- and endo-cervical epithelia.
(b) Negative FRDTM result. A change of color to green shown on
both cotton swabs is indicative of noncancerous changes of the
cervix (small swab for endo-cervix; large swab for ecto-cervix).
The corresponding histopathologic diagnosis was CIN1. (c) Positive FRDTM result. The blue color shown on the top one third
of both cotton swabs is indicative of positive result, suggesting the existence of abnormal lesions of the cervix (large swab
for ecto-cervix; small swab for endo-cervix). The corresponding histopathologic diagnosis was CIN2. (d) Positive FRDTM result. A change of color to black shown on the large cotton swab
is indicative of positive result. The corresponding histopathologic diagnosis is invasive squamous cell carcinoma. CIN, cervical intra-epithelial neoplasias; FRDTM , folate receptor-mediated
epithelium staining.

To minimize as much as possible the interrater variability in identifying color changes for the determination of FRDTM positives and negatives, second-generation
FRDTM implements an automatic color reading device
for optimal color identification. Moreover, instead of using two cotton swabs to deliver FRDTM solution to the
cervical epithelia, the second-generation FRDTM utilizes
a unique shaped epithelium staining applicator tapered
gradually toward its distal end, which was designed to
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better fit the physiological shape of the endo- and ectocervix, to ensure satisfactory staining of the neoplastic
epithelia of the entire cervix. Most importantly, the proximal surface of the epithelium staining applicator is labeled clockwise such that when the 12’clock label on the
surface of the applicator is aligned to the virtual label
on the ecto-cervix, the gynecologist can identify approximately the corresponding cervical location of an “abnormal lesion” shown as a color change on the applicator. Thus, the second-generation FRDTM enables gynecologists to appreciate the cervical location of an abnormal
lesion when its existence is indicated at screening. The localizing feature of the second generation FRDTM makes it
useful for point of care settings and for improving the accuracy of biopsy sampling when employed alone and/or
in combination with VIA to aid biopsy site placement.
In conclusion, FRDTM is a rapid and inexpensive
screening method with intuitive test results for early detection of abnormal cervical lesions (CIN2+). In developed counties where well-established cervical cancer
screening programs are in place, the second-generation
FRDTM may be used as an alternative, having the power
of locating an abnormal cervical lesion simultaneously
when its presence is indicated at screening. Furthermore,
future large-scale studies may provide evidence that triage
of high-risk HPV DNA testing and FRDTM can help
reduce false positive rate and the resultant burden of
overtreatment worldwide, especially in regions where single visit “screen-and-treat” strategy dominates.
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Abstract: High-quality screening with cytology has markedly reduced mortality from cervical cancer. However, it
needs experienced pathologists to review and make the final decisions. We have developed folic acid receptormediated diagnosis (FRD) kits to effectively and conveniently screen patients with cervical cancer. We conduct
present study aim to assess clinical significances of FRD in screening cervical cancer. A total of 169 patients were
enrolled at Chinese People’s liberation Army (PLA) general hospital. We compared diagnostic significances of FRD
with thinprep cytology test (TCT). Meanwhile, colposcopy was also performed to confirm any lesion suspicious for
cervical cancer. The sensitivity and specificity of FRD were 71.93% and 66.07% in diagnosis cervical cancer, respectively. Meanwhile, the positive predictive values (PPV), negative predictive values (NPV), Youden index were 51.90%,
82.22%, 0.38, respectively. On the other hand, the sensitivity and specificity of TCT in diagnosis cervical cancer were
73.68% and 61.61% respectively. PPV, NPV and Youden index for TCT were 49.41%, 82.14% and 0.35 respectively.
Overall, FRD have high values of sensitivity, specificity and Youden index. However, this difference failed to statistical
significance. FRD have comparable diagnostic significance with TCT. Therefore, FRD might serve as one effective
method to screen cervical cancer. Especially for those patients living in remote regions of China, where cytology was
unavailable.
Keywords: Cervical lesion, folic acid receptor-mediated diagnosis, folate receptor

Introduction
Cervical cancer is estimated to be the secondly
leading causes of cancer among women worldwide, with approximately 530,000 new cases
and 275,000 deaths each year [1]. An estimated 85% of the world’s cervical cancer cases
occur in developing countries, especially in
China. Cervical cancer is a paradigm of global
healthy disparity, disproportionately affecting
young women from the poorest countries and
the most disadvantaged populations [2]. As dispread of high risk human papillomavirus
(hrHPV) infection recognized most significant
risk factor in its aetiology. Currently, clinical
management of pre-invasive cervical cancer
largely relies on histological examination to
confirm cervical intraepithelial neoplasia (CIN)
[3]. Cytology-based cervical screening has
been regarded the most valuable way to reduce
the incidence of cervical cancer [4]. Therefore,
the lowest incidence and mortality rates are

recorded in countries, especially in western
countries, where screening is available to
women [5]. However, cytology-based cervical
screening also has some limitations. The major
problem is that low sensitivity of single smear
fails to detect high-grade precursor lesions [6].
In addition, cytology has low reproducibility,
leading false positives increases substantially
over time [7]. For instance, there are multiple
benign mimics of neoplastic cells, such as atypia of repair, atrophy, radiation change, effect of
intrauterine device, and metaplasia [8].
Besides, most women lived in remote area are
inconvenient adopt to cytology-based cervical
screening, because of limited device and economic burden. Thus, there are urgent need to
develop an effectively and costly screening
algorithm.
Recently, folate receptor (FR) conjugated with
other agents, such as fluorescent and nanoparticles, have been used to detect ovarian can-
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Figure 1. The diagram of presents study. FRD, folic acid receptor; TCT, thinprep cytology test.

cers [9-11]. FRs are highly expressed in a variety of cancers, especially in ovarian and lung
cancers, whereas most normal tissues express
low to negligible levels [12]. Therefore, FR may
be a potential target for capturing cancer cells.
A novel solution, named folic acid receptormediated diagnosis (FRD), which is a specific
epithelial cells staining agent target to cervical
cancer cells. FRD can reflect cell pathological
changes by oxidation. At present study, we
explore the clinical significance of FRD to diagnosis patients with cervical lesions. More
importantly, the purpose of this study is primary explore the potential prospect of FRD as one
of effective and convenient screening algorithm
to identify patients with cervical cancer.
Material and methods
Subjects
A total of 169 women who presenting for routine cervical lesion screening were enrolled at
Chinese People’s liberation army (PLA) general
hospital, from August 2012 to March 2013. All
enrolled cases were non-pregnant and not in
menstrual period. The study protocol was
proved by the institutional review ethics boards
of PLA general hospital. All women provided
written informed consent before undergoing
any study procedures. The flow chart of present
study is described in Figure 1.
Cervical TCT
The patients had no application of drugs in the
vagina, washing, sexual life, vagina and cervical
performance three days before examination. A
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specified cytobrush was placed into the cervical canal
about one centimeter and
rotated five cycles clockwise.
And then it was taken out and
put into the specified container. Finally, the liquid was sent
to exam after the brush and
washed 10 times. ThinPrep
automatic pelleter was adopted to make smears, automatic cell meter to disperse and
the filtrate samples, and
microscope is used to observe
and diagnose by two independently experienced pathologists.

Cervical cells FRD staining
Major components of FRD (Shanxi Gaoyuan
Medical Device Ltd) were folic acid compound,
methylene blue and acetic acid. Subjects
enrolled in this study as mentioned above were
subsequently subjected with FRD staining. A
gynecological cotton swab was applied on the
cervix entrance about 1 cm and rotated five
laps, and then pressed for 5 seconds. After
that, the swab were immediately removed and
put in solution of FRD staining (less than 10
seconds). The swab was immediately to observe
the color change and compare it with the reference cards provided by FRD kit in two minutes.
Cytologic diagnoses
Cytologic diagnoses and specimen were classified according to Bethesda System (TBS 2001)
for reporting cervicovaginal cytology [13]. The
cytological results were as following description. The patients were diagnosed as negative
for those with negative for intraepithelial lesion
or malignancy (NILM). The patients recognized
as abnormal squamous cells of uncertain significance (ASC-US) were included atypical
squamsus cells-cannot exclude HSIL (ASC-H),
low-grade squamous intraepithelial lesion
(LSIL), high-grade squamous intraepithelial
lesion (HSIL), and squamous cell carcinoma
(SCC). Besides, the patients with abnormal
glandular epithelium were those with atypical
glandular cells (AGC), adenocarcinoma in situ
(AIS), and adenocarcinoma (AC). Positive cytology was defined as positive in cytologic diagnosis ASC-US or AGC.
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Figure 2. Results of five representative FRD (left) and cytology diagnoses (right) shows with swabs, FRD reference
cards and cytological images. A. Light brown colors, the pathology indicated this patients with inflammation. B.
Light blue-green implied that the patient with cervical CIN I lesion. C. Dark blue-green or brown green indicated that
patients suffer from CIN II cervical lesions. D. Dark green represent that patients have a period of CIN III cervical
lesions. E. Purple-black means the patients have developed malignant tumor cervical lesions. FRD, folic acid receptor; CIN, cervical intraepithelial neoplasia.

FRD staining diagnoses
The FRD cervical specific stainings were performed by specially trained gynecologists following the instructions. The diagnoses for FRD
staining were based on the following criteria.
The subjects diagnosed as negative were
stained with the color including: light brown
(Inflammation), light blue-green (CIN I). The subjects were diagnosed as positive with staining
color following: dark blue-green (CIN II), brown
green (CIN II), dark green (CIN III), and purpleblack (Cancer). Those indicated cervical
lesions. The cotton swabs which were saturated, supersaturated, or contaminated with
blood would be excluded. Those swabs with
black-purple resulted in undistinguished
comparison.
Statistical analysis
Receiver operating characteristic (ROC) analysis was used to assess possible cut-points of
the cutoff ratio to define positive findings of the
FRD for cervical patients. To choose an opti7832

mum cut-off ratio for FRD using cervical,
Youden’s index [Y= sensitivity-(1-specificity)]
was calculated [14]. The sensitivity and specificity for FRD and TBS were also analyzed. The
correlation between the TCT and FRD staining
were examined by Spearman’s rank correlation.
All P values less than 0.05 (two-sided) were
considered statistically significant. Analyses
were done in SPSS for Windows (version 19.0,
SPSS Inc, Chicago, IL, USA).
Results
Baseline characteristics of the enrolled subjects
A total of 169 women aged from 19 to 68 with
a mean ± SD age of 41. 61±10.29 years were
enrolled into the study. Besides, the mean
pregnancy and birth times were 2.99±1.77 and
1.32±1.05 years, respectively. Among of them,
there were 71 (41.89%) subjects with non-subjective symptom, 75 (44.59%) cases with leucorrhea increases, 42 (25.00%) subjects with
cervical contractive bleeding, 19 (11.49%)
Int J Clin Exp Med 2015;8(5):7830-7836
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Table 1. Diagnostic significance of FRD in
screening cervical cancer patients
FRD
solution
Positive
Negative
Total

The patients number of
pathological diagnoses
Positive
Negative
41
38
16
74
57
112

Total
79
90
169

FRD, folic acid receptor.

Table 2. Diagnostic significance of TCT in
screening cervical cancer patients
TCT
Positive
Negative
Total

The patients number of
pathological diagnoses
Positive
Negative
42
43
15
69
57
112

Total
85
84
169

TCT, Thinprep cytology test.

Table 3. The comparison of FRD solution and
TCT in diagnosis patients with cervical cancer
TCT
Sensitivity
73.68%
Specificity
61.61%
missed diagnosis 26.32%
misdiagnosis rate 30.39%
accuracy
65.68%
PPV
49.41%
NPV
82.14%

FRD
71.93%
66.07%
28.07%
33.93%
68.05%
51.90%
82.22%

χ2
0.04
0.48
0.04
0.48
0.12
0.10
0.00

P
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05

FRD, folic acid receptor-mediated diagnosis; TCT, Thinprep
cytology test; PPV, Positive predictive value; NPV, Negative
predictive value.

Table 4. The consistency of FRD and TCT

FRD
TCT
Total

The patients number of pathological diagnoses
Positive
Negative
41
74
42
69
83
143
χ2=0.12, P>0.05

Total
115
111
226

FRD, folic acid receptor-mediated diagnosis; TCT, Thinprep cytology tes

cases with unscheduled bleeding, 12 (0.68%)
subjects with vaginal fluids, and 12 (0.68%)
with vaginal pain. Pathological findings shows
that 88 (52.07%) patients were diagnosed as
7833

inflammation, 24 (14.20%) subjects as CIN I,
15 (8.88%) as CIN II, 34 (20.12%) subjects as
CIN III, and 8 (4.73%) subjects as invasive cervical squamous cell carcinoma.
The assessment of FRD
All enrolled patients accepted FRD solution
testing. The cotton swab was used to take cervical cells and dip into FRD solution. Then, swab
was taken out and compared color changes
with standardized reference card (Figure 2).
The reference card contained six difference colors, which were light brown, light blue-green,
dark blue-green, brown green, dark green, and
purple-black. Five representative diagnoses
are shown in Figure 2 with cytology image, the
swabs presents light brown colors, the pathology indicated this patients with inflammation
(Figure 2A). The swabs presents light bluegreen, while pathology implied that the patient
with cervical CIN I lesion (Figure 2B). The
patients inflammation and CIN I lesions were
regarded as negative. However, when the colors of swabs are dark blue-green or brown
green, it indicated that patients suffer from CIN
II cervical lesions (Figure 2C). On the other
hands, when the colors of swabs presents with
dark green, which represent that patients have
a period of CIN III cervical lesions (Figure 2D).
Besides, once the colors of swabs show the colors of purple-black, it means that patients
mostly likely have developed malignant tumor
cervical lesions (Figure 2E).
FRD screening
FRD and pathological identification were performed in 169 women, and results are summarized in Table 1. Of these women, 79 (46.75%)
women were positive and 90 (53.25%) were
negative. To assess the clinical significance of
FRD, the ROC curve was used to analyze FRD
as the potential tools to screen cervical cancer.
As a result, the sensitivity and specificity of FRD
were 71.93% and 66.07% respectively, with an
accuracy of 68.05%. The values of PPV and
NPV were 51.90% and 82.22% respectively.
Youden’s index of FRD was 0.38. Odds ratio
and positive likelihood ratio of FRD were 4.99
and 2.12 respectively.
TCT screening
Furthermore, TCT was also performed in 169
women, and results are summarized in Table 2.
Int J Clin Exp Med 2015;8(5):7830-7836
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Table 5. The diagnostic significance of combining FRD and TCT and both methods with
positive results
Combination of
FRD and TCT
Positive
Negative
Total

The patients number of
pathological diagnoses
Positive
Negative
33
14
24
98
57
112

Total
47
122
169

FRD, folic acid receptor-mediated diagnosis; TCT, Thinprep
cytology test.

Table 6. The diagnostic significance of combining FRD and TCT and one of them with
positive results
Combination of
FRD and TCT
Positive
Negative
Total

The patients number of
pathological diagnoses
Positive
Negative
50
67
7
45
57
112

When combined FRD with TCT, we concluded
positive conclusion in the condition that any
one of them with positive results (Table 6). The
sensitivity and specificity were 87.72% and
40.18%, with accuracy of 56.21%. PPV and
NPV values were 42.74% and 86.54%. Youden’s
index was 0.28, and odds ratio and positive
likelihood ratio were 9.63 and 4.63
respectively.

Total

Discussion

117
52
169

Folate is the essential vitamin that refers to
process of one-carbon transfer during nucleic
acid synthesis in eukaryotic cells. The cell survival and proliferation are dependent on folic
acid intake to a certain extent [15]. Previously
studies show that FR expressed in several
kinds of human cancer. However, the expression of FRs are not found in normal tissues
except of choroid plexus and placenta [16].
Folate conjugating its receptors and multiple
complexes are transferred to inner of cells by
endocytosis [15]. Thus, it should be one of
potential strategy to distinguish lesions and
normal tissues based on the expression of FR.
At present, FR have been served as the target
of fluorescent paramagnetic bimodal liposomes and applied to tumor imaging [17].
Besides, folic acid modified gelatine coated
quantum dots could be as potential reagents
for cancer diagnostics [18]. And folate-modified
self-microemulsifying have potential as the target for curing colon cancer [19]. In this study,
we explored FRD as one of convenient way to
screening patients with cervical cancer. The
specifically epithelial cells staining solution are
comprised with folic acid complex, methylene
blue, and acetic acid. Once cancerous cells are
contacted this solutions, folate and its complexes will conjugate with folic acid receptors.
After that, the complexes combined with reductive form of methylene blue enter to intracellular of tumor cells. Oxidative stress and
increased reactive oxygen (ROS) are found in
most of tumor cells [20, 21]. The reductive
methylene blue will be oxidized. Then, those

FRD, folic acid receptor-mediated diagnosis; TCT, Thinprep cytology test.

Of these women, 85 (50.30%) women were
positive and 84 (49.70%) were negative. The
sensitivity and specificity of TCT were 49.41%
and 61.61% respectively, with an accuracy of
65.68%. The values of PPV and NPV were
51.90% and 82.14% respectively. Youden’s
index of FRD was 0.35. Odds ratio and positive
likelihood ratio of FRD were 4.49 and 1.91
respectively.
The comparison FRD with TCT
We next determined whether FRD could instead
of TCT as primary screening method to diagnosis patients with cervical cancer. We compared
the diagnostic significance of FRD and TCT. The
results were shown in Tables 3 and 4, the sensitivity of FRD solution was lower than TCT. On
the other hand, specificity, misdiagnosis rate,
accuracy, PPV, and NPV were slightly higher
than TCT. However, all of those discrepancy
failed to reach statistically significance.
The diagnostic significance in the combination
TCT with FRD
Furthermore, we also determined diagnostic
significance in combination TCT with FRD to
screening patients with cervical cancer (Table
7834

5). When both methods were shown the
patients with abnormal lesion. The sensitivity
and specificity were 57.89% and 87.50%
respectively, with an accuracy of 77.51%.
Youden’s index was 0.45. Odds ratio and positive likelihood ratio were 9.63 and 4.63
respectively.
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huge biological molecular bring with hyperostosis in tumor cells. The oxidative methylene blue
secretes from tumor cells and stains cotton
crab with different colors. Meanwhile, the acetic acid in FRD could react with the reagents in
tissues with lesion and appears white. So, we
proposed a potential primary method that
using FRD to screen patients with cervical
lesion based on above mentioned principle.
Those patients with potential lesions will be further determined by other diagnostic methods.
Here, we prove when FRD use to screen
patients with cervical lesions, including sensitivity, specificity and accuracy, have similar
diagnostic significance with TCT. More importantly, in the combination FRD with TCT, we can
screen patients with cervical lesions in the condition that when any of FRD or TCT indicated
positive diagnoses. The specificity were significantly improved and reached 87.50% without
decreases of sensitivity. At same time, the PPV
and odd ratios also have been significantly
improved. Although the sensitivity was substantially promoted (87.5%) when both of FRD
and TCT were positive, the specificity significantly reduced and Yodden’s index didn’t be
improved. Thus, we did not recommend the
methods that combination FRD and TCT to
screen patients with cervical lesions. Based on
our experience in using FDR to discern cervical
lesion, we concluded several advantages of
FRD. At first, the FDR solutions have the ability
to specifically react with oxidative-reductive
molecular locating in cervical cancer cells.
Secondly, the reactions of FRD with biological
molecular were rapid so as to make decision as
soon as possible. As a result, this diagnostic
method would effectively identified those
potential lesion in cervical cells. Besides, the
period between patients enrolled and final conclusion made would be significantly shorten for
this convenient diagnostic way. Meanwhile, the
results were easily recognized without experience pathological clinicians and patients also
had good compliance. At last, the FRD economic burden was extremely lower than TCT that
could make this methods widely used to primary screen potential patients in rural area.
However, we could not ignore the disadvantages of FRD solution. The results were mostly
influenced by bleeding during the operating
procedure. Also, the accuracy of FRD could be
improved with increases of experience. Until to
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now, we still lack the standard process to guide
the users to make proper results.
In our study, cervical scrapings were collected
by using the standard brushing procedure to
avoid effecting the accuracy of vaginoscopy.
The cervical exfoliative cells were then mixed
with staining solution. In clinical, FRD could be
recognized as one of assistant methods to
improve colposcopy. However, we still lack
quantified indexes so as to quantitatively analyze results of FRD in this study. Thus, it will be
necessary to incorporate related parts into
future research. To some extent, the activity of
exfolliative cells from cervix were suppressed,
as a result that reduced accuracy of FRD diagnosis. Furthermore, the living cells were
reduced among those exfolative cells. Hence,
we propose that FRD could directly apply in the
lesion tissues to promote accuracy. But this
hypothesis need further identified in future
study.
At present study, we show that applying FRD
solution to screening patients with CIN II cervical lesions have similar clinical significance
with TCT. However, it is impossible for FRD
instead of classic TCT as the main screening
system to prevent this malignant disease.
Initially, we aimed to determine whether FRD
have potential to be one of effectively and conveniently programs. That could be used in
potential patients with cervical lesions who
lived remote district, where TCT or other
advanced techniques were unavailable. FRD
might contribute to effectively lead distribute of
patients and selected appropriate person
whom should have a priority for be examined
further. On the other hand, once combined FRD
with TCT could improve diagnostic accuracy of
cervical cancer.
However, we conducted this study in a relative
small cohort. It is thus necessary to verify those
findings within a larger-scale samples with multiple centers in future research. In addition, it
was unclear whether testing results of FRD
solution could be affect by pregnancy or fetus.
Therefore, this reason might limit FRD solution
used to screening whom pregnant with cervical
lesion. On the other hand, the effects that could
reduce bleeding contamination or pregnancy
stimulation, would substantial decrease negative effects of FRD diagnoses.
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Application of foliate receptor-mediated cervical epithelial tissue specific
staining in screening cervical
ZHANG Chunhua, WU Ling, YANG hui, et al. Deparment of Gynecology, Huaian Maternity and Child Health Care
Hospital, Huaian, 223002, CHINA

Abstract Objective To investigate the application value of folate receptor-mediated cervical epithelial
tissue specific staining ( FRD) in screening cervical cancer.
Methods The screening for cervical cancer was carried out in 800 women using two methods of FRD and
human papilloma virus testing for cervical cancer (HPVE6/E7), of whom the patients with FRD or HPV
E6/E7 positive received cervical biopsy via colposcopy. Taking pathological results as the golden standard.
The diagnostic efficiency of FRD and HPV E6/E7 techniques was compared.
Results The cervical biopsy was performed in 180 cases and pathological coincidence rates for N/A and
CIN2: were 69. 81 % and 89.90% using FRD, which were higher than 41.51% and 67. 57% using 1-IPV
E6/E7 (P<0.05). For screening cervical lesions of CIN2 or higher, the sensitivity of FRD was similar to that
of HPV E6/E7 (88.76% vs.83.15% (p<0.05), but specificity of FRD was higher than that of HPV E6/E7
(57.14% vs 38.46%) (P<0.05).
Conclusion Compared to HPV E6/E7 method, FRD technique has the advantages of higher specificity,
quicker diagnosis, less cost, and more suitable for screening the cervical lesions of CIN2 or higher.
Key words Folate receptor-mediated, cervical epithelial tissue specific staining; human papilloma virus
testing; Cervical cancer
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Analysis of the Results of FRD in the Screening of Cervical Disease
CHEN Xin 1, HU Min 1, XU Zhen-zhen 1, ZHOU Li-qin 2, CAO Xue-mei 3, FENG Xia 4, YOU Cai-lan 5
(1 Department of Obstetrics and Gynecology, The Second Hospital Affiliated to Suzhou University, Suzhou, Jiangsu,
215004, China; 2 Department of Obstetrics and Gynecology, Xiangcheng District People's Hospital of Suzhou, Suzhou,
Jiangsu, 215004, China;3 Department of Obstetrics and Gynecology, Xiangcheng District Traditional Chinese Medicine
Hospital of Suzhou, Suzhou, Jiangsu, 215004, China; 4 Department of Obstetrics and Gynecology, Xiangcheng District
Second People's Hospital of Suzhou, Suzhou, Jiangsu, 215004, China; 5 Department of Obstetrics and Gynecology,
Xiangcheng District Caohu People's Hospital of Suzhou, Suzhou, Jiangsu, 215004, China)

ABSTRACT Objective To study the results of FRD in the screening of cervical disease, to provide basis
for clinical diagnosis and treatment.
Methods 306 cases of cervical disease screening in our hospital from May 2015 to May 2016 were selected,
FRD and liquid based cytology test were performed for all patients, two kinds of detection have a positive
then do the vagina by pathological examination, pathological examination as the standard, diagnostic value
of two kinds of detection methods were compared.
Results The sensitivity of the two detection methods in the screening of cervical precancerous lesions and
cervical cancer were 87.6% and 84%, specificity was 69.0% and 63.3%, the diagnostic accordance rate was
79.7% and 75.8%, positive predictive value was 79.2% and 78.4%, negative predictive value was 81.7%
and 71.4%, Kappa values were 0.56 and 0.48, the differences were not statistically significant (P>0.05).
Conclusion FRD and liquid based cytology test for screening cervical precancerous lesion and cervical
cancer has similar effect, but it is easy to operate, and it is worthy of clinical application.
Key words FRD; Liquid based cytology; Cervical disease; Screening results
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Application value of folic acid receptor-mediated diagnosis for cervical
lesions
HE Chuan，CAI Yu，ZHAI Jian-jun
( Department Of Obstetrics and Gynecology，Beijing Tongren Hospital Affiliated to Capital Medical University，
Beijing 100176，China)

Abstract Objective To investigate the application value of folate receptor-mediated diagnosis( FRD) for
cervical lesions．
Methods A total of 426 gynecological patients were selected，and underwent FRD，Thinprep cytologic
test (TCT) and human papilloma virus( HPV) DNA examination．And the biopsy under vaginoscopy was
performed at the same time． The histopathological results were taken as the gold standard，and then the
diagnostic sensitivity，specificity，positive predictive value and negative predictive value of FRD，TCT
or high-risk HPV-DNA examination for cervical lesions were calculated．
Results Eighty-four positive cases were detected by FRD，the positive detection rate was 19.72%，and
the sensitivity，specificity，positive predictive value and negative predictive value were 80.77%, 84.25%,
25.00% and 98.54% respectively．Sixty-one positive cases cervical intraepithelial neoplasia (CIN) 2/3 or
cervical carcinoma were detected by TCT，the positive detection rate was 14.32 %，and the sensitivity，
specificity，positive predictive value and negative predictive value were 79.31%，90.43%，37.70% and
98.36% respectively．A total of 115 positive cases were detected by HPV-DNA examination，the positive
detection rate was 27.00%，the sensitivity，specificity，positive predictive value and negative predictive
value were 82.14%, 81.35%, 40.00% and 96.78% respectively．
Conclusion FRD obtains a reliable clinical diagnostic effect，and is simple，rapid and economical．It can
be taken as an effective method for screening cervical lesions in clinical practice when the cytology-based
screening method isn't available under the poor medical conditions．
Key words Cervical lesions，Folic acid receptor-mediated diagnosis，Thinprep cytologic test，Human
papilloma virus，Vaginoscopy，Diagnosis
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Study on the value of cervical special staining in screening of cervical
lesions
WANG Hao－Jie，WANG Jun，SONG Jing－Hua，et al.
Department of Obstetrics and Gynecology，Beijing Institute of Heart Lung and Blood Vessel Diseases，Beijing Anzhen
Hospital，Capital Medical University，Beijing 100029，China

Abstract: Objective To explore the application value of folic acid receptor－mediated cervical special
staining in screening of cervical cancer and cervical precancerous lesion.
Methods The patients with one abnormal result of cervical special staining or TCT ( positive cervical
special staining result，cytology test indicated AGC or ≥LSIL) treated in the hospital from January 2014
to July 2015 were selected; pathological result was designed as gold standard; the clinical diagnostic values
of the two method were compared.
Results A total of 204 cases were included; the sensitivities of cervical special staining and TCT were 91.20%
and 84. 00% ，respectively; the specificities were 62. 03% and 63.29 %，respectively; the diagnostic
coincidence rates were 79. 90% and 75. 98%，respectively; the positive predictive values were 79.17% and
78.36%, respectively; the negative predictive values were 81.67% and 71.43%, respectively; Kappa values
were 0. 56 and 0. 48，respectively. There was no statistically significant difference between cervical special
staining and TCT ( P＞0. 05) .
Conclusion There was no statistically significant difference between cervical special staining and TCT in
screening of cervical lesions，but cervical special staining is easier，faster，and cheaper，which is worthy
of clinical application.
Key words Folic acid receptor-mediated; Cervical special staining; Cervical cancer; Cervical precancerous
lesion; Screening
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Evaluation of folate receptor mediated methylene blue dye as cervical
cancer screening algorithms
ZHU Yanling1，ZHANG Jie1，LIU Beibei1，ZHANG Xueling2，ZHANG Hong1，ZHANG Ping1，WANG Xinxia1，
YU Xiaojuan1，WANG Lan1 （1.Xuzhou Cancer Hospital，Xuzhou 221005，Jiangsu，China；2.The People s
Hospital of Dawu Town，Xuzhou 221132，Jiangsu，China)

Abstract: Objective It is to find out cervical cancer screening algorithms suitable for economically
underdeveloped areas or grassroots health institutions, in order to expand the coverage of cervical cancer
screening and promote the prevention and control of cervical cancer in China.
Methods 1671 women were voluntary to undergo the cervical cancer screening included Folate receptor
mediated methylene blue dye staining（FRD）and Thin-Cytologic Test (TCT). Each woman underwent
colposcopy and biopsy or endocervical curettage. Screening results were evaluated by the gold standard
based on histopathological diagnosis. The performance indexes of the algorithms such as sensitivity,
specificity, positive predictive value, negative predictive value, and receiver operating characteristic (ROC)
curve for detecting the high grade lesions (CIN2) were compared.
Results For the FRD as the screening test, its sensitivity was 91.0%, specificity was 75.7%, positive
predictive value was 21.4%, and negative predictive value was 99.2%, For the TCT as the screening test,
its sensitivity was 79.3%, specificity was 90.4%, the positive predictive value was 37.1%, and the negative
predictive value was 98.4%. There was no statistically significant differences in ROC area under the curve
between the two methods (Z=0.559, P>0.05). For the combination test of FRD and TCT as the screening
test, the sensitivity, specificity, positive predictive value and negative predictive value were 100.0%, 73.8%,
21.3% and 100.0% respectively. Combination test of FRD and TCT was obviously superior to the screening
test of FRD alone, and the difference was statistically significant (Z=1.825, P<0.05); There was no
statistically significant differences between the combination test and TCT alone (Z=0.797, P>0.05).
Conclusion Screening test of FRD is suitable for underdeveloped regions with large population and
grassroots health institutions with insufficient medical technology. Considering the health-resource and
women’s preference combination test of FRD and TCT may be chosen as the screening approach in the
developed.
Key words cervical neoplasm; screening tests; Folate receptor mediated methylene blue dye staining
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Clinical Results of Cervix Special Staining FRD in the Screening of 1652
Cases of Cervical Lesions
GAN Tao，KE Guonv，WU Xiaoxia，et al. Jun＇an Hospital of Shunde，Foshan，528329

Abstract Objective To investigate the clinical significance of cervix special staining FRD in the detection
of abnormal cervical lesions( CIN2+ ) ．
Methods Routine pelvic examination was performed on 1652 patients from the outpatient，and then
cervical special staining FRD was used for further examination. The cervical exfoliated cells were collected
and fixed onto glasses using thin liquid layer technology．The patients whose FRD cervical special staining
was positive or liquid based cytology was greater than ASC-US，were further examined by colposcopy.
The clinical diagnosis was according to the lesion changes under colposcopy and the biopsy of acetic acid
white staining．
Results Compared with biopsy，the coincidence rates of FRD in detection of CIN1，CIN2，CIN3，
infiltrating carcinoma were 66.7%，75%，80%，and 100%，respectively．According to histopathologic
characteristics of CIN2，the sensitivity of cervix special staining FRD was 79.2%，specificity was 72.7%，
and accuracy was 80.4%．
Conclusion The cervix special staining FRD staining is accurate，simple to operate，comprehensive to
diagnosis，visual to read results in cervical lesion examination，it can effectively detect cervix lesion in
suspicious patients and improve the accuracy of clinical diagnosis．
Key words Cervix special staining (FRD); Cervical lesion; Liquid based cytology
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Research of the significance of special staining of FRD in the detection of
cervical lesions
Su Minjun, Yuan Aiping, YU Chunying, Zhang Ping

Abstract: Objective Cervical cancer and precancerous lesions are common female reproductive system
diseases. Early diagnosis and prevention is the effective measures for control of cervical lesions progress.
This study was designed to explore the significance of cervical special staining of folate receptor mediated
FRD in the detection of cervical lesions.
Methods 2743 cases of women for a gynecological examination were selected from January 2013 to
December 2013. Cervical special staining of FRD and based thin-layer cell line (TCT) were used for
detection. Pathology from vaginoscopy as the gold standard, compare the two detection methods.
Results Pathological CIN2+ of pathology as positive standard, the sensitivity and specificity of cervical
special staining was 80.6%，72.7%, respectively. The positive and negative predictive value of cervical
special staining was 76.3% ， 77.4%. The sensitivity and specificity of cytology was 83.3%, 42.4%,
respectively. The positive and negative predictive value of cytology sensitivity was 61.2%, 70%,
respectively.
Conclusion As an accurate, convenient, fast, economic detection method, special staining method has
important significance for cervical precancerous lesions, which can be a clinical evaluation standard.
Key words FRD; cervical lesions; sensitivity; cytology; specificity
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Role of application of special staining technique in diagnosis of cervical
diseases
CHEN Xin, QIAN Zhihong, Xu Zhenzhen.
Department of Obsterics and Gynecology, Second Affiliated Hospital, Soochow University, Suzhou 215004, CHINA

Abstract Objective To investigate the value of the specific staining technique in the diagnosis of cervix
diseases.
Methods The specific staining technique and three-step diagnosis procedures were used for screening
cervical lesions in 700 patients (432 out-patients and 268 in-patients).The results reported by two
techniques were compared.
Results The results reported by the specific staining technique were 354 cases (50.57%) without cervix
lesion, 235cases (33.57%) with CIN1 and condyloma acuminate, and 80 cases (11.43%) with CIN2 and
CIN3, which were similar to 366 cases (52.29%), 43 cases (34.71%) and 77cases (11.00%), respectively,
reported by the three-step diagnosis procedures (P>0.05).
Conclusion The diagnosis rates for cervical lesions reported by the specific staining technique and threestep procedures are similar, but the former is simple in making diagnosis, quicker in getting report, cheaper
in cost ,and higher accuracy rate of making malignant cervical lesions. The specific staining technique may
be taken as a method for the screen of cervical cancer.
Key words Specific staining technique for the cervix; Cervix lesions
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Clinical Significance of FRD in epithelial tissue special staining solution in
the examination of cervical lesions
ZHANG Zhao hong, HUANG Wei，XUE Xiao ling', WANG Lan ni', SUN Xiao Ii' (1.Department of Gynecology, Baoji
Maternal and Child Health Hospital, Shaanxi, Baoji 721000, China; 2.Department of Pathology, Baoji Maternal and
Child Health Hospital, Shaanxi, Baoji 721000, China)
Corresponding author: ZHANG Zhao-hong, E-mail: zhangzhaohong56@163.com

Abstract Objective To explore the use of cervical special staining of folate receptor mediated FRD clinical
value of epithelial tissue special staining solution to inspect the cervical lesion, provide the method
reference for the early detection of cervical lesions.
Method From January 2014 to April 2014 jointed national hospital for a gynecological examination
randomly 2000 cases of women screening, detection liquid based thin-layer cell line (TCT), human
papilloma virus (HPV), FRD staining, the parts in pathology as the gold standard. Please check the
histopathology as the gold standard, the diagnosis was the detection method of the evaluation standard.
Result FRD detected 130 cases of patients with positive，positive rate was 6.50%，the sensitivity was
83.06%, specificity was 98.56%, the misdiagnosis rate was 16.94%, the misdiagnosis rate was 1.44%,
Kappa=0.821, P=0.000. There were 125 cases of TCT positive patients, the positive rate was 6.255%; the
sensitivity was 86.29%, specificity was 99.04%, the misdiagnosis rate was 13.71 %, the misdiagnosis rate
was 0.960%，Kappa = 0.850, P = 0.000. There were 120 cases of HPV positive patients, the positive rate
was 6%; the sensitivity was 79.84%, specificity was 98.88%, the miss diagnosis rate was 20.16%, the miss
diagnosis rate was 1.12%, Kappa = 0.806, P = 0.000. Three methods of inspection detection rate from high
to low were FDR, TCT6, HPV, but the positive rate was not significantly difference (x2 = 0.427, P = 0.808).
Conclusion TCT>FRD>HPV consistency of three methods but the detection rate has no significant
difference, with the traditional TCT, HPV checks the same detection efficiency of the FRD detection
method, but its characteristics with more convenience，fast, economy, worth as a rapid screening method
for application.
Key words FRD; Epithelial tissue; Cervical lesions
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Application value of folate receptor mediated FRD in diagnosis of cervical
intraepithelial neoplasia and cancer
ZHANG Chao-hong, XUE Xiao-ling, DANG Rong-fang, HUANG Wei, ZHU Yan, LIU Xia-xing
(Department of Gynecology, Baoji Maternal and Child Health Hospital of Shaaxi Province, Baoji, Shaanxi, China
721000)

Abstract: Objective To exp1ore the application value of folate receptor mediated FRD in the diagnosis of
cervical intraepithelial neoplasia and cancer.
Method 2013 March to 2013 September, 2528 outpatients and hospitalized patients with gynecological
diseases from gynecological clinic were enrolled in this investigation. FRD staining was performed
immediately after pelvic examination, cervical cell sampling and colposcopy partly performed comparative
analysis of three kinds of results by histological diagnosis standard.
Results 89 cases of positive staining were found and the positive rate was 3.52%. In terms of CIN1, CIN2,
CIN3 and cancer, the concordance rate of FRD staining with tissue pathological diagnosis was 66.7% (2/3),
80.0% (4/5), 50.0% (1/2) and 83.3% (5/6) respectively. Given that CIN1 and CIN2+ was abnormal cervical
lesion, the sensitivity and specificity of FRD staining was 76.9% and 71.3%. Positive prediction rate was
28.6% and negative prediction rate was 95.4%.
Conclusion FRD staining is a rapid, simple, accurate diagnosis method, has important clinical significance
of cervical precancerous lesions, cervical cancer early detection.
Key words FRD; Cervical lesion; Folic acid; Folic acid receptor; Screening; Diagnosis
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