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Abstract. The aim of the present study was to investigate the 
expression of human papillomavirus (HPV) DNA in sentinel 
lymph nodes (SLN) in patients with early‑stage cervical 
cancer (CC). In addition, the present study compared the posi-
tive rate of SLNs metastasis detected by routine pathological 
examination, and investigated the value of HPV‑DNA in the 
detection of early CC lymph node micrometastasis. Reverse 
transcription‑quantitative PCR (RT‑qPCR) was used in 
order to evaluate the HPV DNA detection in all CC samples 
[International Federation of Gynecology and Obstetrics 
(FIGO) stage IA2‑IIA2]. The consistency of HPV‑DNA was 
compared between primary lesions and SLNs. The positive 
rates of HPV‑DNA were compared with pathological diag-
nosis of SLN metastasis, and the association between the 
positive expression of HPV‑DNA in SLNs and the clinical 
and pathological parameters of patients with cervical cancer 
were analyzed. A total of 345 sentinel lymph nodes were 
detected in 100 patients with IA2‑IIA2 CC. The positive rates 
of RT‑qPCR and conventional histopathological detection of 
SLNs metastasis were 31.6% (109/345) and 12.8% (44/345), 
respectively (P<0.001). The positive expression of HPV‑DNA 
in SLNs was associated with the clinical stage and tumor 
diameter (P<0.05), but not with patients' age, depth of cervical 
invasion, histological grade, lymphatic and vascular space 
invasion (LVSI), squamous cell carcinoma antigen (SCCAg) 
(P>0.05). The detection of HPV‑DNA expression in pelvic 
lymph nodes of early CC may be used to improve the detec-
tion rate of micrometastasis, guide the postoperative adjuvant 
therapy more accurately and improve prognosis. Patients with 
positive HPV‑DNA would require closer surveillance than 
those with negative HPV‑DNA.

Introduction

Lymph node metastasis (LNM) is an independent risk 
factor affecting the prognosis of patients with cervical 
cancer (CC). Accurate determination of LNM in patients 
with early CC is of great significance for guiding individu-
alized adjuvant therapy and improving the prognosis (1). 
Although the LNM rate of early stage CC (IA1‑IB1) is only 
0.0‑29.3% (2), the recurrence rate remains of 15% in patients 
without LNM (3). Lentz et al (3) used immunohistochem-
istry (IHC) to assess 3,106 lymph nodes from 132 patients 
with pathologically negative lymph nodes, and reported that 
micrometastases can be found in 15% patients with early 
stage cervical cancer who were considered as lymph node 
negative by conventional histologic analysis. This is due to 
the failure of traditional pathological methods to diagnose 
the micro‑metastasis of lymph nodes (4), and the fact that 
detection of micro‑metastasis of lymph nodes requires 
highly specific biomarkers, such as cytokeratin, squamous 
cell carcinoma antigen (SCC) and human papilloma virus 
(HPV)  (5). However, IHC or cytokeratin are consid-
ered less specific  (6,7). The high‑risk human papilloma 
virus (HR‑HPV) DNA is considered a useful biological 
tool for detecting the lymph node micrometastases in 
patients with CC (8,9). Previous studies have reported the 
prevalence of HPV‑DNA in both pelvic lymph nodes and 
para‑aortic lymph nodes; however, these studies have used 
different laboratory methods, clinical environments and 
measurements (10‑12). Dürst et al (13) demonstrated, via 
reverse transcription‑quantitative PCR (RT‑qPCR), that 
HPV16‑E6‑E7‑mRNA is more sensitive and specific than 
cytokeratin‑(CK)19‑mRNA for the detection of disseminated 
tumor cells in sentinel lymph nodes (SLNs). The present 
study demonstrated that HPV16‑E6‑E7‑mRNA improved 
the diagnostic rate of micrometastasis and thus concluded 
it to be a valuable tool for evaluating prognosis (13). RNA 
can be easily degraded without RT; however, its stability 
increases following RT into cDNA. DNA is the product 
sequence amplified, and RT fluorescence qPCR methods 
can improve the sensitivity and specificity (9). The present 
study used RT‑qPCR in order to search for HPV16/18 DNA 
sequences in SLNs and to evaluate the association between 
HPV and lymph node micrometastasis of CC, as well as to 
investigate its clinical significance.
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Materials and methods

Patient information. The SLNs were collected from 
100 patients at the Department of Gynecologic Oncology at 
the Affiliated Tumor Hospital of Guangxi Medical University 
(Nanning, China) between August 2017 and August 2018. 
The inclusion criteria met by all patients were as follows: 
i) Preoperative cervical biopsy pathological diagnosis was 
confirmed as invasive carcinoma (squamous, adenocarcinoma 
or adenosquamous carcinoma); ii) International Federation of 
Gynecology and Obstetrics (FIGO) stage (14) was IIA2‑IIA; 
iii) cervical fluid‑based cytology HPV test was performed 
prior to surgery (HC‑2 method), including tests for HR HPV 
type 17 (HPV16, ‑18, ‑31, ‑33, ‑35, ‑39, ‑45, ‑51, ‑52, ‑53, ‑56, 
‑58, ‑59, ‑66, ‑68, ‑82 and ‑83); and iv) the complete data of 
clinical cases were collected. The exclusion criteria were as 
follows: i) Patients who underwent previous cervical treatment 
(Loop Electrosurgical Excision Procedure and cone excision); 
ii)  the imaging findings indicated marked retroperitoneal 
lymph node metastasis or distant metastasis; and iii) patients 
who received preoperative radiotherapy. The present study 
was approved by The Medical Ethics Committee of Guangxi 
Medical University Affiliated Tumor Hospital (registration 
number, LW2018028). Written consent was obtained from all 
patients prior to sample collection.

Identification of SLN. Prior to surgery, the patients were 
placed in the lithotomy position and were anesthetized. The 
normal cervix around the tumor was injected with 1 ml of 
carbon nanoparticles (CNP) at 3 and 9 o'clock, with a deep 
(0.3±0.5 cm) cervical injection. The injection process lasted 
for at least 3  min, following which pressure was applied 
locally to prevent the CNP extravasation after the injection. 
During surgery, lymph nodes staining in the drainage field 
of the pelvic lymph system were identified. The lymph nodes 
that stained within 15 min of injection were defined as SLNs, 
whilst those remaining were classed as non‑SLNs (nSLNs). 
Subsequently, the SLNs were removed and the tumor position 
was recorded and counted. Following detection of the SLNs, 
patients underwent laparoscopic radical hysterectomy + pelvic 
lymphadenectomy (with or without para‑aortic lymph node 
sampling). The same surgical group of physicians performed 
the surgery. These physicians were gynecologists of the affili-
ated tumor hospital of Guangxi medical university, and were 
from the same operation group of the surgeon who operated.

Specimen collection. Following collection of the SLNs, the 
fresh tissue was cut into 3 mm thick sections. The samples 
were then transferred into tagged sterile EP tubes without 
RNA enzymes, and stored at ‑80˚C. Other specimens were 
labeled and sent for routine pathological examination.

Reagents and primers. The following reagents were purchased 
from Takara Biotechnology Co., Ltd. Tissue RNA extrac-
tion kits (Takara MiniBEST Universal RNA Extraction Kit 
PrimeScript™), transcriptional Master Mix (Perfect Real 
Time, SYBR®) and RT‑PCR reagents (Premix Ex Taq TM II 
Perfect Real Time).

The following primer pairs were used for the RT‑qPCR: 
HPV16‑mRNA: Forward: 5'‑AAG​GGC​GTA​ACC​GAA​ATC​

GGT‑3' and reverse: 5'‑GTT​TGC​AGC​TCT​GTG​CAT​A‑3'; 
amplified fragments 141 bp. HPV18‑mRNA: Forward, 5'‑CAT​
TTT​GTG​AAC​AGG​CAG​AGC‑3' and reverse: 5'‑ACT​TGT​
GCA​TCA​TTG​TGG​ACC‑3'; and GAPDH: Forward: 5'‑CGG​
AGT​CAA​CGG​ATT​TGG​TCG​TAT‑3' and reverse: 5'‑AGC​
CTT​CTC​CAT​GGT​GGT​GAA​GAC‑3'.

RNA extraction. HPV‑DNA was selected for extraction from 
SLNs under sterile RNase‑free conditions to prevent RNA 
degradation, according to the manufacturer's protocol. The 
total RNA was measured using a nucleic acid protein analyzer 
(NanoDropND‑2000 micrometer; NanoDrop Technologies; 
Thermo Fisher Scientific, Inc.). Specimens with A260/280 values 
between 1.8‑2.1 were of good purity. Specimens with high 
integrity and purity were subjected to RT in order to synthe-
size cDNA. cDNA reaction system for reverse transcription 
synthesis was as follows: 5x PrimeScript RTMaster Mix 
x1(for RealTime) 4.0 µl + RNA 4.0‑12.0 µl (depending on 
RNA concentration) + RNaseFree dH2O to 20.0 µl at 37˚C for 
15 min (reverse transcription reaction), 85˚C for 5 sec (deac-
tivation reaction of reverse transcriptase), at 4˚C for 4‑5 min, 
and finally stored at ‑20˚C.

RT‑qPCR. The total reaction system was 20 µl, which included 
2.0 µl cDNA, 0.8 µl sense and anti‑sense primers, 10.0 µl 
SYBR®Premix Ex Taq™ II, 0.4 µl ROX Reference Dye (50x) 
and 20.0 µl distilled H2O. The follow PCR cycle was applied: 
Stage 1, predenaturation at 95˚C for 30 sec and for 1 cycle; 
stage 2, PCR reaction at 95˚C for 5 sec, 60˚C for 30‑34 sec, and 
for 40 cycles in total. The target genome, the internal reference 
genome and the 2‑tube negative control (with sterile distilled 
water instead of cDNA) were set for each amplification. Each 
experiment was performed in triplicate.

Agarose gel electrophoresis. Agarose (1 g) was mixed with 
50 ml 0.5X TBE buffer to make 5% agarose gel. DNA marker 
and PCR products were loaded into the wells and electrophoresis 
was performed at 100V for 50 min. Following electrophoresis, 
the gel was removed and the results were recorded using a 
color analyzer. Each experiment was performed in triplicate. 
The expression of HPV‑DNA in SLNs was analyzed, using 
50‑500 bp DNA markers as a reference standard. The DNA 
sequence amplified by PCR was compared with the HPV16 and 
HPV18 DNA in the gene bank (HPV 16 sequence, https://www.
ncbi.nlm.nih.gov/nucleotide/KY994539.1?report=genbank&lo
g$=nuclalign&blast_rank=94&RID=XRTDTSNB016; HPV18 
sequence,  h t t ps: //www. ncbi. n l m. n i h.gov/nucleo -
tide/MF288722.1?report=genbank&log$=nuclalign&blast_rank= 
3&RID=XRS4T07H014) for Blast sequence alignment.

Judgement and relative quantitative analysis of positive 
results. The reaction system and reaction conditions were as 
follows: 20 µl of total reaction system containing 1.0 µl of 
cDNA template, 0.8 µl HPV16 and HPV18 gene sense and 
anti‑sense primers each, 10.0 µl of SYBR®Premix Ex Taq™ 
II, 0.4 µl of ROX Reference Dye (50x) and 20.0 µl of distilled 
H2O. The reaction conditions were as follows: Stage 1, prede-
naturation at 95˚C for 30 sec and for 1 cycle; stage 2, PCR 
reaction at 95˚C for 5 sec, 60˚C for 30 sec, and for 40 cycles in 
total; stage 3, 95˚C for 15 sec and for 1 cycle; predenaturation 
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at 94˚C for 5 min, followed by 30 sec at 94˚C, 1 min at 55˚C, 
and 1 min at 72˚C for a total of 40 cycles, and finally extended 
at 72˚C for 10 min. Samples were stored at 4˚C. Following the 
reaction, the fluorescence reaction curve was automatically 
obtained by software TOWER3G 3.4 (Analytik Jena AG), and 
the amplification efficiency and cycle threshold value (15) of 
each reaction system were calculated. Each experiment was 
performed in triplicate.

Pathological examination. SLNs were fixed in 10% formalde-
hyde for 24 h at room temperature, washed and dehydrated with 
increasing gradient of ethanol (70% for 2‑4 h, 80% for 2‑4 h, 
95% for 2‑4 h and 100% for 1‑2 h), and washed with xylene 
for 30 min to 2 h. Samples (3 µm thick) were then embedded 
in paraffin and the lymph node slices were stained with hema-
toxylin and eosin (H&E) for 50 min at room temperature prior 
to IHC analysis. SLNs were incubated with the wide‑spectrum 
horn cytokeratin AEl/AE3 (no. M351501‑2; Dako; Agilent 
Technologies, Inc.) for expression in the cytoplasm, which 
was detected using the two‑step anti‑rabbit/mouse universal 
IHC kit (no. GK500705; Dako Agilent Technologies, Inc.). 

The criteria for the tumor cells were as follows: Large nucleus, 
deep staining, an imbalance of nucleo‑cytoplasm ratio and 
AE1/AE3 is positive. The SLNs that were negative in pathology 
but HPV‑DNA positive were further examined using an ultra-
staging protocol (16). Two adjacent 5‑µm sections were cut 
at each of two levels 200 µm apart. At each level, one slide 
was stained with H&E (20 min at room temperature) and 
the other was used for immunohistochemistry (IHC) using the 
anti‑cytokeratin AE1:AE3 (1 h at room temperature). Sections 
were imaged using an optical microscope (OlympusBX45; 
Olympus Corporation; magnification, x100).

Statistical analysis. Statistical analysis was performed using 
SPSS software (IBM Corp.; version 22.0;). Standard summary 
statistics were used to describe primary data: Data were presented 
by the median values. The positive rate of lymph node metastasis 
was compared by χ2 test. The Mann‑Whitney rank sum test of 
non‑parametric data was used to compare the mean independent 
values of continuous variables. The association between discrete 
variables was determined by Fisher's exact test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Patient basic information. The present study included 
100 patients with CC. The median age was 52 years (range 
33‑68 years) and the median body mass index was 22.42 kg/m2 

(range 15.60‑27.64 kg/m2). There were a total of 78 cases of 
squamous cell carcinoma, 20 cases of adenocarcinoma, two 

Table I. Demographics and tumor factors.

Characteristics	 No. of cases, n 

Histology	
  Squamous cell carcinoma	 78
  Adenocarcinoma	 20
  Adenosquamous carcinoma	 2
Tumor grading	
  G1	 8
  G2	 27
  G3	 51
  Uncategorized	 14
Stage
  IA2	 0
  IB1	 32
  IB2	 24
  IIA1	 21
  IIA2	 23
Tumor size	
  <2 cm  	 19
  2‑4 cm	 45
  >4 cm	 36
Depth of invasion	
  <1/3	 28
  1/3‑2/3	 30
  >2/3	 42
Vaginal margin positive	 0
Lymphovascular space invasion	 30
Neoadjuvant chemotherapy	 18
HPV infection	
  Yes	 92
  No	 8

Figure 1. Electropherograms of HPV16 and HPV18 genes. Agarose gel elec-
trophoresis results of PCR of HPV16/18 infection products in sentinel lymph 
nodes and negative control group. An HPV16/18 infection was observed in 
the sentinel lymph nodes. Lanes 1 and 2 present HPV16 infection products of 
sentinel lymph and HPV18 infection products, respectively. Lanes 3, 4, 5 and 
6 present GAPDH of sentinel lymph node, HPV16 infection products of nega-
tive control group (normal cervical tissue was not infected with HPV16/18), 
GAPDH of negative control group and HPV18 infection products of negative 
control group, respectively. Lane M: DNA marker. HPV, human papilloma 
virus.
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cases of adenosquamous carcinoma, 51 cases of grade 3 (G3), 
27 cases of moderate differentiation, eight cases of high differ-
entiation and 14 unclassified cases. Additionally, there were zero 
cases with IA2 stage, 32 cases with IB1 stage, 24 cases with IB2 
stage, 21 cases with stage IIA1 and 23 cases with stage IIA2 CC. 
The tumor diameter was ≤2 cm in 19 cases, 2‑4 cm in 45 cases 
and >4 cm in 36 cases. In the 36 cases where the tumor lesions 
were >4 cm, paclitaxel + oxaliplatin neoadjuvant chemotherapy 
was administrated over 1‑2 courses. Furthermore, there were 
28 cases of cervical stromal invasion <1/3, 30 cases of 1/3‑2/3, 
42 cases of >2/3, 30 cases of Lymphovascular Space Invasion 
(LVSI) positive, 92 cases of HPV positive and 8 cases of HPV 
negative. There were 1,680 lymph node dissections, including 
345 SLNs and 1,335 nSLNs (Table I).

Electrophoresis and amplification curves of fluorescence 
qPCR amplification products. The results of agarose gel elec-
trophoresis in the present study demonstrated that the HPV16 

and HPV18 genes had a size of 141 and 80 bp, respectively 
(Fig. 1). The sequencing of HPV16 and HPV18 was a part of 
the whole sequencing presented in Fig. 2. The results of the 
present study demonstrated that the amplified DNA sequence 
was the same when compared with GenBank HPV16 and 
HPV18. Sequencing was conducted by Sangon Biotech Co., 
Ltd. (Fig. 3), which further confirmed that the obtained target 
gene sequence was correct.

HPV‑DNA detection of primary tumor and SLN. Of the 
100 patients, 92 cases were diagnosed HPV‑DNA positive by 
cervical liquid‑based cytology, whereby the positive rate was 
92%. HPV16 was the most common type, which was detected in 
71 cases. Of these, one case was mixed with HPV66, one case was 
mixed with HPV35 and one case was mixed with both HPV52 
and HPV42. HPV18, HPV51, HPV33 and HPV59‑DNA were 
detected in 13, four, two and two cases, respectively. Furthermore, 
two cases were mixed with HPV16 and HPV18. The lymph 

Figure 2. Sequencing of (A) HPV16 and (B) HPV18 PCR products. (A) Part of the whole sequencing of HPV16. (B) Part of the whole sequencing of HPV18.
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node metastasis was detected in 14 patients via routine patho-
logical examination. In addition, the RT‑qPCR demonstrated 
that 28 patients had HPV‑DNA expression in SLNs, whereas 
72 patients did not. Of those positive for HPV‑DNA expression, 
13 were HPV16 positive, nine were HPV18 positive and six were 
other positive (HPV66, 35, 52 and 45; Table II).

SLN histopathology. IHC analysis demonstrated positive 
staining of AEl/AE3 in the cytoplasm of cancer cells (Fig. 4B), 
which presented with a characteristic yellow‑brown color, while 
no signal was observed in the SLN lymph nodes (Fig. 4A).

Expression of HPV‑DNA in SLN and comparison with histo‑
pathological examination. The expression of HPV16/18 was 
positive in 109 SLNs in 28 patients; [positive rate was 31.6% 
(109/345)]. The histopathological examination demonstrated 
that there were 44 SLNs with metastasis in 14 cases [positive 
rate was 12.8% (44/345)]; and the pathologically positive 
lymph nodes were also all positive for HPV16/18. Of the 301 
negative lymph nodes confirmed by pathological histology, the 
expression of HPV16/18 was positive in 65 SLNs [positive rate 
was 21.6% (65/301)] (P<0.001). Of the 14 patients with posi-
tive histopathology, the detection rate of HPV16/18 DNA was 
100% (14/14), of which, HPV16 accounted for 71.4% (10/14) 
and HPV18 for 28.6% (4/14). In the 86 patients (301 lymph 
nodes) with negative histopathology, the detection rate of 
HPV16/18 DNA was 21.6% (65/301), while the detection rates 
of HPV16 and HPV18 were 20.6% (62/301) and 1.7% (5/301), 
respectively. HPV16 and HPV18 were simultaneously posi-
tive in five (1.7%) lymph nodes. In addition, ultrastaging was 

performed on all SLNs negative with H&E staining, which 
detected micrometastases in 13 of the 14 patients (Table III).

A total of 345 SLNs were surgically removed, of which 
44 were positive and 301 were negative. The median detec-
tion of HPV‑DNA of the negative SLNs was 2.50 (1.90‑2.90) 
copies/ng, while the median examination of HPV‑DNA of 
the positive SLNs were 8.55 (6.20‑9.80) copies/ng (Fig. 5; 
Z=‑5.823, P<0.001).

Association between the positive expression of HPV‑DNA 
in SLN and clinical pathological factors. According to the 
clinicopathological features of the patients, numerous factors 
were selected to evaluate the association between posi-
tive expression of HPV‑DNA and SLNs. The results of the 
present study demonstrated that the positive expression of 
HPV‑DNA in SLN was significantly associated with clinical 
stage (P<0.001). Progression in the clinical stage was associ-
ated with an increase in tumor size and a greater possibility 

Table II. Status of HPV‑DNA in SLNs.

HPV type	 SLN positive	 SLN negative	 Total

HPV16	 13	 45	 58
HPV18	 9	 13	 22
Other	 6	 14	 20

HPV, human papilloma virus; SLN, sentinel lymph node.

Figure 3. Sequencing of (A) HPV16 and (B) HPV18 in GeneBank. (A) HPV 16 sequence in GeneBank. (B) HPV 18 sequence in GeneBank.
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of metastasis (P=0.010). Nevertheless, the positive expression 
of HPV‑DNA in SLN was not associated with age of patient, 
depth of cervical invasion, histological grade, lymphatic or 
LVSI, SCCAg (P>0.05; Table IV).

Discussion

The metastasis of tumor cells through lymphatic vessels to 
distant lymph nodes is considered the main adverse factor 
affecting the prognosis of CC (17). Nevertheless, local or distant 
recurrence may occur decades after treatment of the primary 
lesion in up to 15% of patients with early stage CC [patients 
without lymph node metastasis (pN0)]. This event may occur 
due to the proliferation of occult tumor cells and the existence 
of lymph node micrometastasis that are not readily detected 
by conventional pathology. The detection of micrometastasis 
of lymph nodes requires highly specific biomarkers, such as 
cytokeratin, SCC and HPV. However, IHC or cytokeratin are 
considered less specific (3‑6). Dürst et al (13) demonstrated 
that HPV16‑E6‑E7‑mRNA was more sensitive and specific 
than cytokeratin‑(CK)19‑mRNA for the detection of dissemi-
nated tumor cells in SLNs. HR‑HPV persistent infection is one 
of the most important risk factors for CC, but also for several 
other types of cancer, including head and neck, vaginal, vulva, 
penile and anal cancer (18). In addition, previous studies have 
demonstrated that the presence of HPV is associated with the 

prognosis of patients after radiotherapy or concurrent radioche-
motherapy, while the pelvic lymph node of HPV is associated 
with an increased risk of recurrence (19‑21). HPV DNA was 
chosen as a molecular marker for the detection of tumor cells 
in SLN shown to be negative by conventional histopathology, 
by using specific primers of HPV16 and HPV18.

The Cancer Genome Atlas Research Network  (22) has 

suggested that 95% of primary CC are HPV positive. In 
addition, <10% of invasive CC cases are classified as ‘HPV 
negative’, using the standard test for HR subtypes (23‑25). 
HPV screening is more sensitive than cytological screening in 
detecting high‑grade neoplasia (26). Based on this evidence, 
the new guidelines in Europe, Australia and the USA have 
now recommended HPV screening for all women aged 
≥30 (27‑29). In addition, the HPV‑DNA has been proposed 
as a potential biomarker for tumor metastasis associated with 
HPV (4). To date, a number of studies (9,21,30) have attempted 
to investigate the association between HR‑HPV DNA detec-
tion in lymph nodes, lymph node metastasis and the prognosis 
of patients with CC. In a previous study, the safety of SLN 
mapping was demonstrated as well as how SLN can represent 
the status of pelvic lymph nodes (31). It is known that in early 
stage CC, if SLN do not exhibit metastasis, then neither do 
other lymph nodes (31). Therefore, the detection of HPV‑DNA 
expression in SLN also suggests the expression status of pelvic 
lymph nodes.

The detection of HPV‑DNA in CC has been reported in both 
ThinPrep cytology test and plasma (32). Lancaster et al (33) 
first proposed the use of HPV‑DNA for the detection of CC 
metastasis. They revealed that these metastatic tumors carry 
the same HR‑HPV type as the primary tumor. But the results 
of published data are not the same  (34). Considering that 
HPV‑DNA is usually integrated into the genome of host cancer 
cells, it can be used as a sensitive biomarker for the detection 
of micrometastasis (34). Furthermore, it can be used to inves-
tigate the potential spread of single tumor cells, particularly 
when pathological indications for the surgical margin and 
lymph nodes are negative (34). Tortora et al (35) examined 
20 patients with primary CC and demonstrated that seven 
out of 20 (35%) women had metastatic spread in peri‑tumor 
tissues and/or lymph nodes, as determined by histology. In 

Figure 4. SLN pathological examination. (A) SLN pathological negative (H&E; magnification, x200) (B) SLN pathological positive (H&E; magnification, 
x100). Positivity was presented yellow‑brown staining (red arrow). H&E, hematoxylin and eosin.

Table III. Comparison of positive rate of lymph node detection 
by RT‑qPCR and pathology.

	 SLN
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Method	 +	‑	  Total	 χ2	 P‑value

Pathology	 44	 301	 345	 35.482	 <0.001
RT‑PCR	 109	 236	 345		

SLN, sentinel lymph node; RT‑qPCR, reverse transcription‑quanti-
tative PCR.
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addition, the HPV‑DNA was detected in all histological posi-
tive samples as well as in 16 and 25% of histological negative 
peri‑tumor tissues and lymph nodes, respectively. Furthermore, 

an evidence‑based study (34), which included 1,333 patients 
with early stage CC who underwent pathological examination 
and HPV testing, demonstrated that expression of HPV‑DNA 
is detected in ~75% of the 488 patients with at least one lymph 
node metastasis. In the present study, the most common HPV 
type was HPV16, which was observed in 71 cases (77.2%), 
followed by: Mixed HPV66 in one case, mixed HPV35 in 
one case, and mixed HPV52 and HPV45 in one case. In addi-
tion, there were 13 cases of HPV18 type (14.1%), two cases of 
HPV16 and HPV18 mixed types (2.1%, four cases of HPV51 
type (4.3%), two cases of HPV33 type (2.1%) and two cases of 
HPV59 type (2.1%). The expression of HPV16 and HPV18 in 
lymph nodes was observed in 13 cases (46.4%) and nine cases 
(32.1%), respectively. HPV‑DNA was detected in all patients 
with positive pathology. Dürst et al (13) reported that 60% of 
primary tumors were positive for HPV16 and 22% for HPV18, 
and were also positive for HPV35, HPV45 and HPV73. 
HPV‑mRNA expression in SLN was 27.5% positive, 63.0% 
negative and 9.5% possible negative was detected by PCR. To 
the best of our knowledge, Lukaszuk et al (8) performed the 

Figure 5. HPV expression of SLN. *Outlier. HPV, human papilloma virus; 
SLN, sentinel lymph nodes; NEG, SLN negative; POS, SLN positive.

Table IV. Association between positive expressions of HPV‑DNA and the clinical pathological factors in SLNs.

Clinicopathological features	 No. of cases, n	 Positive	 Positive rate, %	 P‑value

Age				    0.524
  ≤40 years	 6	 1	 16.67	
  >40 years	 94	 27	 28.72	
Clinical stage				    <0.001
  IA2	 0	 0	 0	
  IB1	 32	 1	 3.12	
  IB2	 24	 1	 4.17	
  IIA1	 21	 8	 19.05	
  IIA2	 23	 18	 78.26	
Tumor size				    0.010
  <2 cm	 19	 9	 47.37	
  2‑4 cm	 45	 15	 33.33	
  >4 cm	 36	 4	 11.11	
Histological grade				    0.148
  G1	 8	 1	 12.50	
  G2	 27	 8	 29.63	
  G3	 51	 18	 35.29	
  NA	 14	 1	 7.14	
Depth of cervical stromal invasion				    0.141
  <1/3	 28	 4	 14.28	
  1/3‑2/3	 30	 9	 30.00	
  >2/3	 42	 15	 35.71	
LVSI				    0.080
  Positive	 30	 12	 40.00	
  Negative	 70	 16	 22.85	
SCCAg 				    0.233
  ≤1.5 µg/l	 27	 6	 22.22	
  >1.5 µg/l	 63	 22	 34.92	

LVSI, Lymphovascular space invasion; SCCAg, squamous cell carcinoma antigens.
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first prospective study on frozen fresh tissue of cervical lesions 
and pelvic lymph nodes, and demonstrated that HPV‑DNA in 
lymph nodes was an independent tumor risk factor associated 
with survival rate and mortality. Furthermore, Dürst et al (13) 
evaluated the expression of HPV E6/E7 mRNA as a molecular 
biomarker in negative sentinel lymph nodes and demonstrated 
that HPV‑mRNA was detected in 27.5% of patients with SLN, 
while 22 patients exhibited recurrence. In addition, patients 
that were HPV‑mRNA negative in SLN had significantly 
longer tumor‑free survival (P=0.002). Furthermore, the Cox 
regression analysis hazard ratio (95% CI) for disease‑recur-
rence was 3.8 (1.5‑9.3; P=0.004) for HPV‑mRNA‑positive 
compared with HPV‑mRNA‑negative patients. Dürst et al (13) 
suggested that HPV‑mRNA positive SLN has prognostic value 
independent of tumor size, particularly for tumors >20 mm in 
diameter. Further risk stratification using HPV‑mRNA as a 
molecular biomarker may benefit patients. The present study 
further evaluated the expression of HPV E6/E7 mRNA in 
lymph nodes (not in SLNs) and analyzed the prognosis (13). 
In addition to evaluating the expression of HPV‑DNA in 
SLNs, the present study also compared pathological results 
to verify whether there was micrometastasis in lymph nodes 
with negative pathology but positive HPV‑DNA expression. 
Furthermore, the sensitivity of HPV‑DNA expression in SLN 
was compared with routine pathology (13). Köhler et al (36) 
demonstrated that histologically confirmed metastatic lymph 
nodes were also HPV E6/E7 mRNA positive, resulting in a 
sensitivity of 100%. A total of four histologically free sentinel 
nodes were positive for HPV E6/E7 mRNA, resulting in a 
specificity of 96.4%. The HPV E6/E7 mRNA assay in the 
SLNs of patients with CC was feasible and highly accurate. 
The detection of HPV mRNA with negative SLNs may denote 
a shift from microscopic identification of metastasis to the 
molecular level. In the present study, a total of 28 cases of 109 
SLNs, detected by RT‑qPCR, were HPV16/18 positive, with a 
positive rate of 31.6% (109/345). Nevertheless, only 14 patients 
with a total of 44 SLNs metastases were detected by tradi-
tional histopathological methods, with a positive rate of 12.8% 
(44/345) (P<0.001). HPV16/18 were all positive in the histolog-
ically positive nodes. Among the 301 SLNs with pathological 
negative, 65 SLNs were positive for HPV16/18 (21.6%). The 
results of the present study suggest that pathologically nega-
tive, but high levels of HPV‑DNA expression, may indicate 
an early and significant risk of lymphatic tumor metastasis. 
In terms of post‑operative treatment, pathologically negative 
lymph nodes with high load HPV‑DNA positive may need 
to be treated with adjuvant treatment to decrease the risk of 
distant disease recurrence (37). In addition, the present study 
demonstrated that the HPV‑DNA in SLNs was associated with 
clinical stage and tumor size (P<0.05), but not with the age of 
the patient, depth of cervical invasion, histological grade, LVSI 
and SCCAg (P>0.05). To the best of our knowledge, there are 
currently no data published.

The main limitation of the present study was the short 
follow‑up time. In addition, the associations between recur-
rence rate, mortality and HPV‑DNA positive expression in 
SLN were not evaluated.

Overall, the results of the present study suggest that detec-
tion of HPV‑DNA expression in SLN has a higher positive rate 
than histopathology. The high load of HPV‑DNA in lymph 

nodes can provide additional evidence of metastasis, while 
its quantification may be used as a useful clinical biomarker. 
For patients with negative lymph nodes, HPV‑DNA detection 
may have the potential to guide surveillance. In addition, 
HPV‑DNA positive patients will require closer surveillance 
than HPV‑DNA negative patients.
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