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Objective We aimed to observe the radiosensitization effect of mir-30a-5p in a nude mouse model with 
subcutaneous lung-cancer xenograft and to explore the underlying mechanism.
Methods A549 cell lines with either stable upregulation or downregulation of mir-30a-5p, and their 
negative control, were transfected with lentivirus vectors. These cell lines were used to establish a nude 
mouse model with subcutaneous lung-cancer xenograft. Each group was randomly divided into irradiated 
and non-irradiated groups. The radiosensitization effect of mir-30a-5p in vivo was studied by observing 
xenograft growth trends and tumor weight. The mechanisms involved in this radiosensitization were 
investigated by detecting expressed radiosensitization-related proteins, using immunohistochemistry and 
Western blotting.
Results The expression level of mir-30a-5p in the lenti-mir-30a-5p group was higher than that in the 
negative control (lenti-GFP) group and lower in the lenti-inhibitor group (P < 0.05). Subcutaneous lung-
cancer xenografts in the irradiation group and lenti-mir-30a-5p increased in size slowly; tumors were lighter 
and tumor inhibition rates were higher than those in the non-irradiation and lenti-GFP groups. In contrast, 
the opposite of these effects was observed in the lenti-inhibitor group. Immunohistochemistry and Western 
blotting indicated that ATM protein expression level was lower in the lenti-mir-30a-5p group, with or without 
irradiation, compared to that in the lenti-GFP group. ATM protein levels were higher in the lenti-inhibitor 
groups. The phosphorylation level of ATM at residue 1981 was low in the groups without irradiation and 
increased significantly after irradiation (P < 0.05). Moreover, the phosphorylation level was lower in the 
lenti-mir-30a-5p group and higher in the lenti-inhibitor group than that in the lenti-GFP group after irradiation 
(P < 0.05).
Conclusion Mir-30a-5p enhanced the radiosensitivity of nude mice with subcutaneous lung-cancer 
xenografts by inhibiting ATM phosphorylation.
Key words: Mir-30a-5p; subcutaneous xenografts; radiosensitization; ATM
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Lung cancer is one of the most common malignant 
tumors worldwide, of which approximately 80% are 
non-small cell lung cancer (NSCLC) [1]. Radiotherapy 
is one of the primary treatments for NSCLC however, 
radioresistance is common during the treatment of NSCLC. 
This leads to a local recurrence rate up to 60%–70% and 

makes it difficult to achieve the expected curative effect 

[2]. Therefore, reducing the radioresistance of NSCLC, 
thereby increasing its radiosensitivity, is the key issue 

[3]. Various factors could be involved in regulating the 
radiosensitivity of cancer, such as DNA damage and repair 
(DDR) [4], cell cycle arrest [5], apoptosis [6], cancer stem cells 
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[7], autophagy [8], immunity [9–10]. Additionally, classical 
cell signaling pathways may be involved, including ataxia 
telangiectasia mutated (ATM) signal pathway [11], PI3K/
AKT (phosphoinositide 3-kinase/AKT serine/threonine 
kinase), mitogen-activated protein kinase/extracellular 
regulated protein kinases (MAPK/ERK), and transforming 
growth factor-beta (TGF-β) signaling pathways [12–13]. 

Notably, microRNAs play roles in radiosensitization 
and can affect the radiosensitivity of cancer by 
modulating a variety of molecules that are involved. 
These molecules include DNA-dependent protein kinase 
catalytic subunit (DNA-PKcs), ATM [14], H2AX variant 
histone (H2A.X), mediator of DNA damage checkpoint 1 
(MDC1), epidermal growth factor receptor (EGFR), AKT, 
and breast cancer susceptibility gene 1 (BRCA1) [11]. 

Further, mir-30a is downregulated in both NSCLC 
tissues and cell lines, and that it could influence cell 
proliferation [15], migration, invasion [16], apoptosis [17], 
phosphorylation, and participates in mitogen-activated 
protein kinase (MAPK), TGF-β, PI3K/AKT, and other 
pathways [11, 13]. In a previous study by our group, we 
found that mir-30a-5p can enhance the radiosensitivity 
of lung cancer cells A549 by down-regulating activating 
transcription factor 1 (ATF1) in vitro [18]. We conducted 
this study to further explore if mir-30a-5p can also 
function as a radiosensitizer in vivo.

Materials and methods

Animal culture
A total of 36 SPF-grade 3–5-week-old male nude 

mice, weighing approximately 13–20 g, were housed at a 
temperature of 22–24 °C and a relative humidity of 50%–
70%. All the nude mice were provided by the Animal 
Experimental Center of the Medical Department of Xi’an 
Jiaotong University, China.

Cell lines and main reagents
Human lung adenocarcinoma cell line A549 and 

human renal epithelial cell line 293T were donated 
by the Transformation Center Laboratory of the First 

Affiliated Hospital of the Medical Department of Xi’an 
Jiaotong University, China. The main reagents were as 
follows: mir-30a-5p u vector pGMLV-MA2 and mir-30a-
5p downregulation vector pGMLV-MI7 (GenePharma, 
Shanghai, China), QIAprep Spin Miniprep Kit (QIAGEN, 
Shanghai, China), T4 DNA ligase (Fermentas, USA), T4 
DNA ligase buffer (Fermentas, USA), BamHI (Fermentas, 
USA), XhoI (Fermentas, USA), Express miRNA Extraction 
Kit (HaiGene CN, China), PrimeScriptTM RT Master Mix 
(TaKaRa, Japan), Mir-XTM miRNA First-Strand Synthesis 
Kit (TaKaRa, Japan), SYBR Premix Ex TaqTM II (TaKaRa, 
Japan), SP immunohistochemical kit (Beijing Zhongshan 
Jinqiao Biotechnology Co. Ltd., China), and rabbit anti-
goat SP kit (BOSTER Biological Technology Co. Ltd., 
China).

Cell culture
The human lung adenocarcinoma cell lines A549, 

A549 with mir-30a-5p overexpression, A549 (with mir-
30a-5p downregulation) and a control cell line were 
cultured in RPMI-1640 medium and 293T cell line in 
DMEM containing 10% fetal bovine serum. The cells 
were incubated at 37 °C and 5% CO2.

Lentiviral infection
Primers were synthesized to amplify the pri-miRNA 

sequence has-mir-30a 5’-primer: 5’-GTG TAA ACA TCC 
TCG ACT GGA AG-3’ (Sangon Biotech, Shanghai, China), 
and genomic DNA was used as a template. Single-stranded 
DNA oligomers were synthesized with interference 
sequences to inhibit the processing of mir-30a-5p (Table 
1) and miRNA-inhibitor primer sequences (Table 2) were 
synthesized by Sangon Biotech (Shanghai, China). The 
enzyme-digested DNA was directly connected to the 
lentiviral vector through the end of the endonuclease site 
BamH1 and Xho1. The lentiviral vector and packaging 
plasmid were co-transfected into 293T cells for lentiviral 
packaging. The original virus solution was diluted with 
culture medium containing 5 μg/mL polybrene, according 
to the appropriate MOI value. A549 cells were infected 
for 48 h, fluorescence was observed, and the infection 

Table 1 pri-miR primer sequence
Name Sequence
6235-F (XhoI) 5’-CCGCTCGAGCGGTAGTCTAAGTTCACTCAACTGCA-3’
6235-R (BamHI) 5’-CCGGGATCCCTGGGAAATATTGCCCTACTACG-3’

Table 2 miRNA-inhibitor primer sequence
Name Sequence
hsa-mir-30a-inhibitor-T (BamHI) 5’-gatccGACGGCGCTAGGATCATCAACCTTCCAGTCGAGATCTGATGTTTACACAAGTATTCTGGTC

ACAGAATACAACCTTCCAGTCGAGATCTGATGTTTACACAAGATGATCCTAGCGCCGTCTTTTTTg-3’
hsa-mir-30a-inhibitor-B (EcoRI) 5’-aattcAAAAAAGACGGCGCTAGGATCATCTTGTGTAAACATCAGATCTCGACTGGAAGGTTGTATTC 

TGTGACCAGAATACTTGTGTAAACATCAGATCTCGACTGGAAGGTTGATGATCCTAGCGCCGTCg-3’
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of ethanol, and washing in PBS. Immunostaining was 
undertaken using the antibodies against ATM (1:200) 
(Abcam) and ATM (phospho S1981) (4 µg/mL)(Abcam). 
The sections were placed in a humid chamber and 
incubated with goat serum for 15 min at 37 °C. The 
primary antibody was applied to the tissue sections and 
incubated overnight at 4 °C before incubating with the 
secondary antibody at 37 °C for approximately 30 min. 
DAB chromogenic solution (WanleiBio, China) was used 
to develop the color, according to the manufacturer’s 
instructions. The sections were counter-stained via re-
dyeing with hematoxylin, soaked in 1% ammonia water, 
dehydrated with gradient alcohol, cleared with xylene, 
and sealed with neutral gum seal. Microscope observation 
showed that ATM protein was located in the nucleus or 
cytoplasm. Three fields on each section were randomly 
selected under 400 × magnification, and the expression 
intensity was semi-quantitatively analyzed using IPP 
6.0 image analysis software (Media Cybernetics, Georgia 
Avenue, USA). The expression intensity, was expressed 
as the average optical density value, was defined as the 
integrated optical density (IOD)/cumulative area.

Western blotting
Small pieces of tumor tissue were placed in protein 

extraction reagent (RIPA and protease inhibitors at 50:1). 
The tissue was homogenized at low speed until it was fully 
homogenized. The supernatant protein was extracted and 
quantified, according to the instructions of BCA protein 
quantitative kit. Proteins were separated according 
to size, by sodium dodecyl sulfate polyacrylamide gel 
electrophoresis. The protein was then immobilized on 
PVDF membrane by electroblotting before blocking 
to prevent non-specific protein binding. The target 
proteins were probed by incubating with specific primary 
antibodies for 12 to 16 h at 4 °C followed by incubation 
with a secondary antibody for 1 h at 37 °C. The antigen/
antibody binding signal was then detected, using a Bio-
Rad imaging system, to analyze the densitometry of the 
protein bands.

Ethical statement
Animal experiments were performed in accordance 

with the ethical guidelines for experimental animals of 
the Department of Medicine, Xi’an Jiaotong University, 
China.

Statistical analysis
All data were analyzed using SPSS 21.0 (IBM, USA), 

and the results are expressed as mean ± SEM. The 
enumeration data were analyzed by χ2 test or Fisher’s 
exact test, and the measurement data were tested using 
the group t-test. Statistical significance was set at P < 0.05.

efficiency of A549 cells was estimated.

qRT-PCR
The total RNA from cells in each group was extracted 

using the Express miRNA Extraction Kit (HaiGene China), 
according to the manufacturer’s instructions. Using 
mRNA as a template, random primers or oligo (dT) were 
used to reverse transcribe cDNA. Hsa-mir-30a-5p gene 
sequence was queried in NCBI (GenBank No. MI0000088) 
and used to design primers for qRT-PCR, using Primer 
version 5.0 (PREMIER Biosoft International, Palo Alto, 
CA, USA), and synthesized by Sangon Biotech (Shanghai, 
China): has-mir-30a 5’-primer: 5’-GTG TAA ACA TCC 
TCG ACT GGA AG-3’. The expression of mir-30a-5p was 
detected using qRT-PCR.

Establishment of subcutaneous xenograft 
model

The lenti-mir-30a, lenti-inhibitor, or lenti-GFP vectors 
were used to infect A549 cell lines in logarithmic phase, 
at a final concentration of 5 × 107 cells/mL. The cells were 
mixed with Matrigel at a 1:1 ratio on ice. Nude mice were 
randomly divided into three groups, with 12 mice in 
each group, and injected with lenti-mir-30a A549 cells, 
lenti-inhibitor A549 cells, or lenti-GFP A549 cells. This 
was conducted subcutaneously, on the back of each nude 
mouse, with 0.2 mL cell suspensions. Tumorigenesis was 
observed every other day, and vital signs, body weight, 
and tumor size of nude mice were recorded. 

Irradiation
When the tumor size was approximately 1.0 cm3, 

the nude mice in each treatment group were randomly 
divided into radiation and non-radiation groups. Nude 
mice in the radiation group were given a total of 10 Gy 
4 MV X-ray radiation at 200 cGy/d for 5 consecutive 
days. After irradiation, the tumor volume was measured 
(V = a2 × b / 2), the growth and metastasis of the tumor 
were observed, the nude mice were weighed every day, 
vital observed, and the tumor growth curves drawn. 
After observation, the nude mice were sacrificed, tumor 
tissues removed, and the tumor volume measured. Tumor 
tissues were fixed in 4% polyformaldehyde solution, then 
embedded in paraffin, and sections cut.

Immunohistochemistry
First, hematoxylin and eosin (H&E) staining was 

performed. Immunohistochemical staining of the paraffin 
sections was performed using the streptavidin-peroxidase 
binding method. Put the paraffin sections into a 60 °C  
constant temperature drying oven for 60 minutes. Then 
placing the sections in xylene to dewaxing. Dehydrating 
the paraffin sections through decreasing concentrations 
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Results 

Lentivirus stable infected A549 cell lines were 
successfully constructed 

The presence of green fluorescence was assessed under 
a fluorescence microscope (Fig. 1a). The qRT-PCR results 
showed that the expression level of mir-30a-5p in the 
lenti-mir-30a-5p group was higher than that in the lenti-
GFP group (P < 0.05). The expression level of mir-30a-5p 
in the lenti-inhibitor group was lower than that in the 
lenti-GFP group (P < 0.05). This demonstrated that the 
lentivirus stably infected A549 cell lines with mir-30a-
5p overexpression and downregulation were successfully 
constructed (Fig. 1b).

Radiosensitization effect of mir-30a-5p in nude 
mice with subcutaneous lung-cancer xenograft

The tumor volume in the different treatment groups 
was measured, and the tumor growth curves were drawn 
(Fig. 2). The results showed that when irradiation began, 
the volume growth trend of subcutaneous xenografts 
became slower, and all growth curves became smoother 
than those in the non-irradiated groups (Fig. 2a–2c). The 
volume growth trend of subcutaneous xenografts was 
slower, and the growth curve was smoother in the lenti-
mir-30a-5p group than in the lenti-GFP group, with or 
without irradiation (Fig. 2d–2e). In contrast, in the lenti-
inhibitor group, tumors grew faster, and the growth curve 
was steeper than that in the lenti-GFP group (Fig. 2d–2e). 

The tumor weights in the irradiated groups were lower 
than those in the non-irradiated groups (P < 0.05). Tumor 
weights in the lenti-mir-30a-5p and irradiated lenti-mir-

Fig. 1 Expression of mir-30a-5p in the lentivirus stable transfected A549 cell lines. (a) Green fluorescence expression (×400); (b) qRT-PCR results for 
expression of mir-30a-5p

Fig. 2 Subcutaneous xenograft growth curve in different groups. (a) Lenti-GFP vs. Lenti-GFP + IR; (b) Lenti-mir-30a-5p vs. lenti-mir-30a-5p + IR; (c) 
Lenti-inhibitor vs. lenti-inhibitor + IR; (d) The three groups without irradiation; (e) The three groups with irradiation. IR: irradiation
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30a-5p (lenti-mir-30a-5p + IR) groups were lower than 
those in the lenti-GFP groups. In contrast, both lenti-
inhibitor groups showed higher tumor weights than 
those in the lenti-GFP groups (Fig. 3 and Table 3). 

The tumor inhibition rate in the lenti-mir-30a-5p and 
lenti-mir-30a-5p + IR groups was 27.86 ± 7.02% and 18.75 
± 22.17%, respectively, compared to the corresponding 
lenti-GFP groups, indicating that overexpression of mir-
30a-5p could increase the tumor inhibition rate of A549 
cell line subcutaneous xenografts. Tumor inhibition rates 
were significantly higher in the all irradiated groups 
compared to the lenti-GFP group. However, inhibition 
rate was higher in the lenti-mir-30a-5p group (P > 0.05) 
than in the lenti-GFP + IR group, and lower in the lenti-
inhibitor + IR group (P < 0.05) than in the lenti-GFP + IR 

group (Table 3).
All nude mice lost weight when irradiation began 

compared to the not irradiated (P < 0.05; Fig. 4 and Table 
3).

Detecting the expression of radiosensitivity-
related proteins by immunohistochemical 
method

H&E staining was used to confirm that tumor tissue 
had been obtained (Fig. 5). ATM protein expression 
level was lower in the lenti-mir-30a-5p group and 
higher in the lenti-inhibitor group than in the lenti-
GFP group, with or without irradiation (P < 0.05; Fig. 
6). The phosphorylation level of ATM at S1981 was low 
in the three groups without irradiation however, after 

Fig. 3 Tumor weight of nude mice in different treatment groups. (a) Representative picture of tumor-bearing nude mice; (b) Statistical chart tumor 
weight

Table 3 Tumor weight, body weight of nude mice and tumor inhibition rate in different treatment groups
Groups n Tumor weight (g) Body weight of nude mice (g) Tumor inhibition ratea (%) Tumor inhibition rateb (%)

Non-IR Lenti-GFP 3 1.29 ± 0.28 21.83 ± 1.72 – –
Lenti-mir-30a-5p 3 0.92 ± 0.18 21.23 ± 1.33 27.86 ± 7.02 27.86 ± 7.02
Lenti-inhibitor 3 1.94 ± 0.37 20.80 ± 1.30 – –

IR Lenti-GFP 3 0.49 ± 0.28* 16.67 ± 0.71** – 64.47 ± 14.17
Lenti-mir-30a-5p 3 0.35 ± 0.13* 17.10 ± 0.98* 18.75 ± 22.17 73.16 ± 3.98
Lenti-inhibitor 3 0.89 ± 0.17* 17.17 ± 1.82* – 30.53 ± 5.20#

Note: Tumor inhibition rate (%) = (tumor weight in the negative control group – tumor weight in the treatment group) / tumor weight in the negative control 
group × 100%; a: Lenti-GFP group vs. Lenti-mir-30a-5p group or Lenti-GFP + IR group vs. Lenti-mir-30a-5p + IR group; b: Lenti-GFP group vs. Lenti-GFP 
+ IR group or Lenti-GFP vs. Lenti-mir-30a-5p + IR group or Lenti-GFP group vs. Lenti-inhibitor + IR group; *: Non-IR group vs. IR group, P < 0.05; **: 
Non-IR group vs. IR group, P < 0.01; #: Lenti-GFP + IR group vs. lenti-inhibitor + IR group, P < 0.05



160  http://otm.tjh.com.cn

Fig. 5 H&E staining in different groups (magnification ×400)

Fig. 6 ATM protein expression in different treatment groups. (a) Immunohistochemical representative image of ATM protein expression (magnification 
×400); (b) Statistical chart of ATM expression intensity

Fig. 4 Body weight of nude mice in different treatment groups. (a) Body weight of nude mice; (b) Body weight changing curve: lenti-mir-30a-5p ± IR 
vs. lenti-GFP ± IR; (c) Body weight changing curve: lenti-inhibitor ± IR vs. lenti-GFP + IR
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irradiation, it significantly increased in all treated groups 
(P < 0.05). Moreover, it was higher in the lenti-mir-30a-
5p + IR group and lower in the lenti-inhibitor + IR group 
than in the lenti-GFP + IR group (P < 0.05; Fig. 7).

Detecting the expression of radiosensitivity-
related proteins by Western blotting

ATM protein expression level was lower in the lenti-
mir-30a-5p group and higher in the lenti-inhibitor group 
than in the lenti-GFP group, with or without irradiation 
(Fig. 8a–8b). The phosphorylation level of ATM at S1981 
was low in the three groups without irradiation however, 
it significantly increased (P < 0.05) after irradiation. It 
was higher in the lenti-mir-30a-5p + IR group and lower 
in the lenti-inhibitor + IR group compared to the lenti-
GFP + IR group (P < 0.05; Fig. 8).

Discussion

At present, a wide variety of miRNAs have been 
identified that may be related to cancer progression 

[19–21]. Many microRNAs are important radiosensitivity 

regulators, which produce effects by interacting with the 
key factors involved in the regulation of radiosensitivity 
[2]. The expression level of mir-30a is diminished in 
many types of tumors, its expression is closely related 
to tumor progression and can play an inhibitory role in 
many types of tumors [22]. For example, gastric cancer [23], 
cholangiocarcinoma [15], esophageal cancer [24]. Further, 
mir-30a can affect tumor progression and therapeutic 
efficacy by regulating tumor cell proliferation [15], 
migration and invasion [16], EMT [25], apoptosis, and 
autophagy [17] (Fig. 9).

DNA is the primary target of radiation. The effect of 
radiation on tumors leads to the activation or inhibition 
of related genes, which could affect the radiosensitivity. 
ATM is an important effector of radiation-induced DNA 
damage [26]. ATM and ataxia telangiectasia and Rad3-
related gene (ATR), as the core kinases in the whole 
process of DDR, can detect various forms of DNA damage 
and trigger downstream cascade reactions [11]. ATM, ATR, 
and DNA-PKcs are phosphatidylinositol-3 kinase-related 
kinase (PIKK) family members that play crucial roles in 
DNA damage repair [27]. ATR is activated by ultraviolet 

Fig. 7 Phosphorylation level of ATM at S1981 in different treatment groups. (a) Immunohistochemical representative picture of ATM phosphorylation 
level (magnification ×400); (b) Statistical chart of p-ATM expression intensity

Fig. 8 ATM protein expression and phosphorylation level of ATM at S1981 in different treatment groups. (a) Representative Western blot showing 
ATM protein expression and its phosphorylation level; (b) Statistical chart of relative ATM protein expression; (c) Statistical chart of relative p-ATM level
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treatment or replication fork disintegration. ATM mainly 
affects radiation-induced DNA double-strand breaks and 
participates in cell reprogramming [28]. Mutations in ATM 
cause extreme sensitivity to radiation and increase tumor 
risk [14] and can also participate in the regulation of cell 
cycle checkpoints, DNA repair, and apoptosis [11].

DNA damage can activate the phosphorylation of 
serine site 1981 of ATM, which activates a series of 
downstream effector molecules and participates in the 
regulation of the cell cycle, apoptosis, and DNA damage 
repair [29–30], causing cells to be insensitive to radiation 
[11, 31]. Its downstream effectors include DNA-PK, 
Ku70/80, BRCA1, BRCA2, RAD51, and RAD52. These 
can participate in the regulation of various biological 
processes, such as non-homologous end-joining, 
homologous recombination, cell cycle checkpoints, and 
apoptosis regulation [12]. Poly ADP-ribose polymerase-1 is 
an important effect or molecule in the DDR pathway and 
participates in cell survival [32]. Inhibition of ATM and its 
downstream proteins could improve the radiosensitivity 
of tumors and hinder the DNA damage repair process [11, 

33].
In a previous study, we confirmed the low expression 

levels of mir-30a-5p in A549 and H460 cell lines in 
vitro, and its radiosensitizing effect on A549 cell lines 

[18]. Here, we confirmed this effect by using lentivirus to 
construct a subcutaneous xenograft model of lung cancer 
in nude mice and study it in vivo. The results showed 

a slower tumor growth trend in the overexpression mir-
30a-5p group after irradiation, compared to the control 
group. Smaller tumor volume, lower tumor weight and 
a higher tumor inhibition rate was observed compared 
to the control group. The mir-30a-5p downregulated 
group showed larger tumor volume, higher tumor weight 
and lower tumor inhibition rate than the control group. 
The results of immunohistochemistry and Western 
blotting suggested that the overexpression of mir-30a-
5p could also inhibit the activation of ATM 1981 serine 
phosphorylation induced by radiation in vivo, thus 
improving the radiosensitivity of tumors. We plan to 
investigate the specific mechanism between mir-30a-5p 
and the ATM signaling pathway in future studies.

Some of the results in our study showed no statistical 
difference, which may be related to a late start time, 
early end time, or insufficient dose of radiation. The 
radiation dose and time may be the main factors affecting 
the experimental results. Due to limited experimental 
conditions, we performed whole-body irradiation of 
nude mice. In the radiation group, a series of systemic 
symptoms gradually appeared during the experiment, and 
the body weight of nude mice decreased significantly, 
which may have also interfered with the experimental 
results. However, there was no difference in the body 
weight of nude mice in the different mir-30a-5p 
expression groups, which also provided some theoretical 
support for the safety of mir-30a-5p in vivo.

Fig. 9 Schematic diagram of the role of mir-30a in cancer
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Conclusion
These results confirmed that mir-30a-5p has a 

radiosensitizing effect on the A549 cell lung cancer 
subcutaneous xenograft model in nude mice. Mir-30a-
5p enhanced the radiosensitivity of nude mice with 
subcutaneous lung-cancer xenografts by inhibiting ATM 
phosphorylation.

In further studies, the radiation dose and time can be 
adjusted, the in vivo study can be detected more accurately, 
a lung transplant tumor model can be constructed, and 
further research can be performed in lung tissue, with the 
help of animal imaging and other techniques.
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Objective To explore the correlation between macrophages and interleukin-10 (IL-10 in the peripheral 
blood of breast cancer (BC) patients and the diagnostic value of joint detection.
Methods BC patients (n = 50) and healthy controls (n = 40) were prospectively recruited. The percentage 
of circulating cluster of differentiation 14 (CD 14) macrophage cells was analyzed by flow cytometry, and 
an enzyme-linked immunosorbent assay (ELISA) was used to detect IL-10 expression levels. Receiver 
operating characteristic (ROC) curves were used to verify the diagnostic value of the models based on the 
expression of CD14 macrophage cell populations and IL-10. In addition, the association between model 
expression and clinicopathological characteristics was investigated. Another 30 patients with BC and 30 
with benign breast disease were selected to validate the IL-10 and CD14 macrophage joint detection model 
using the same method.
Results CD14 macrophage and IL-10 expression levels in BC patients were higher than those in healthy 
controls (P < 0.05). The ROC curve showed that the area under the curve (AUC) of CD14+ macrophages 
combined with IL-10 was 0.830, the sensitivity was 72.0%, and the specificity was 87.5%. Its diagnostic 
efficiency was better than all other single and joint detections. Correlation analysis of clinicopathological 
features showed that IL-10 and CD14+ macrophage joint detection was significantly correlated with tumor 
size, tumor-node-metastasis (TNM) stage, and lymph node, estrogen receptor (ER), and Ki-67 expression 
(P < 0.05). The validation analysis results were consistent with the test results.
Conclusion Peripheral blood macrophages can be an independent diagnostic marker for BC. Joint 
detection of CD14- macrophages and IL-10 suggests poor prognosis, which has unlimited potential to guide 
BC development and provides a new theory for studying tumor-associated macrophages in BC.
Key words: breast cancer; macrophage; IL-10; peripheral blood; diagnostic value
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Breast cancer (BC) is the primary cause of cancer-
associated death in women [1]. Therefore, research on the 
BC tumor microenvironment (TME) has recently focused 
on new diagnostic and treatment methods. Macrophages 
are the dominant immune cell population in the TME 
[2]. Tumor-associated macrophages (TAMs) can help 
cancer cells enter the blood to form new tumors. Not 
only that, TAMs can migrate via the lymphatic system 
or intravasate across intratumor capillary barriers into 

peripheral circulation with circulating tumor cells (CTCs) 
and further turn into cancer-associated macrophage-like 
cells (CAMLs) [3–4], meaning macrophage expression in 
peripheral blood may be crucial in the TME.

As a classic anti-inflammatory cytokine, interleukin-10 
(IL-10) induces macrophage maturation and polarization 
[5]. IL-10-stimulated macrophages can further generate 
IL-10 and matrix remodeling factors, such as matrix 
metalloproteinases (MMPs), involved in tumor cell 
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proliferation, migration, invasion, metastasis, and 
apoptosis. Additionally, IL-10 expression is closely 
associated with the pathological stage and prognosis 

[6]. Therefore, this study used the macrophage-specific 
marker cluster of differentiation 14 (CD14) for screening 
and grouping, compared and analyzed the expression 
levels of CD14 macrophage cell populations and IL-10 
in the peripheral blood of patients in different groups, 
and explored the application value of CD14 macrophages 
and IL-10 as prognostic indicators of BC by establishing 
a joint detection model of CD14 macrophages and IL-10.

Materials and methods

Clinical data
We selected 50 treatment-naive patients with BC 

admitted to Yueyang Hospital of Integrated Traditional 
Chinese and Western Medicine, Shanghai University of 
Traditional Chinese Medicine, between January 2020 
and December 2020 as the research participants. All BC 
diagnoses were confirmed via histological examination. 
Tumor-node-metastasis (TNM) classification was 
performed per the UICC-American Combined Committee 
on Cancer Staging (7th edition). None of the patients 
received therapy prior to blood sampling. All patients 
were women aged 31–72 years, with a median age of 55 
years. There were 48 cases of invasive ductal carcinoma 
(96.0%) and two cases of invasive lobular carcinoma 
(4.0%). We selected 40 healthy female volunteers as 
normal controls and obtained written informed consent 
from all the patients and healthy subjects. Table 1 lists the 
clinicopathological features (age, TNM stage, tumor size, 
clinical stage, lymph node metastasis, and information on 
estrogen receptor (ER), progesterone receptor, and human 
epidermal growth factor receptor 2 (HER2) expression). 
Another 30 patients with BC and 30 with benign breast 
disease in our hospital from January 2021 to June 2021 
were selected for the validation analysis. Fig. 1 illustrates 
the experimental design.

Main instruments and reagents
The main reagent, PM-2 K macrophage antibody, was 

purchased from Abcam (Cambridge, UK). Other reagents 
and instruments included goat anti-mouse IgG-FC 
SureLight (SBA company), human IL-10 enzyme-linked 
immunosorbent assay (ELISA) kits (Shanghai Senxiong 
Technology Co., Ltd.), and PerCP anti-human CD3, PE 
anti-human CD19, and APC anti-human CD14 antibodies 
from BioLegend. 

Flow cytometric analysis of CD14 macrophage 
cells in peripheral blood

Anticoagulant whole blood (5 mL) was added to 15 
mL Ficoll (Tianjin Haoyang) and centrifuged at 800 × g 
for 20 min, after which the white membrane layer was 
removed and washed once to separate peripheral blood 
mononuclear cells (PBMCs). The samples were blocked 
with 10% human plasma for 10 min. One test of PM-2 K 
anti-macrophage antibody (Abcam ab58822) was added 
to every 106 cells and incubated at 4°C for 30 min. We 
added 5 mL phosphate-buffered saline (PBS), centrifuged 
(400 × g) for 5 min, and discarded the supernatant. 
The cells were resuspended, and one test of goat anti-
mouse LGG FC and human/bovine/horse Spads FTC 
(Southern Biotech 1013-02) was added to every 106 cells 
and incubated at 4°C for 30 min. We resuspended the 
antibody, added 5 ml PBS, centrifuged (400 × g) for 5 min, 
discarded the supernatant, and repeated the previous step. 
We resuspended the cells, added one test of PerCP anti-
human CD3 (BioLegend 300427), one test PE anti-human 
CD19 (BioLegend 302207), and one test of APC anti-
human CD14 (BioLegend 325608) to every 106 cells, and 
incubated them at 4°C for 30 min. In another tube of cells, 
the same type of control was added as described above. 
The incubated samples were washed off with unbound 
antibodies and analyzed by flow cytometry. A gate was 
set to circle the cell population of CD3–CD19 and detect 
PM-2k+ CD14+ and PM-2k+ CD14- macrophage levels.

Fig. 1 Basic roadmap for the establishment and validation of IL-10 and CD14 macrophage joint detection model
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the diagnostic efficiency of each index, and the best critical 
value of the test items was obtained. Clinicopathological 
indices, other immunohistochemical indices, molecular 
subtypes, and clinicopathological indices of patients with 
macrophages and BC were analyzed using a chi-square 
test and the Fisher exact probability method. Correlation 
analysis was performed using Spearman’s rank correlation 
coefficient (P < 0.05).

Results

Comparison of peripheral blood macrophage 
cell populations and IL-10 expression between 
BC patients and healthy controls

The expression of CD14+ macrophages, CD14- 
macrophages, total macrophages, and IL-10 in BC 
patients and healthy controls was tested using a t-test. 
Although CD14- levels were higher in the BC group than 
in the control group, this difference was not statistically 
significant (P = 0.112). IL-10 and CD14+ were higher in 
the BC patients than the controls, and this difference 
was statistically significant (P < 0.01). Table 2 describes 
this in detail, and Fig. 2 shows the flow cytometry gating 
strategies.

Evaluating the diagnostic efficacy of CD14+ 
macrophages, CD14- macrophages, total 
macrophages, and IL-10 in BC

ROC curve analyses showed that the areas under the 
ROC curve (AUC) were 0.778, 0.596, 0.599, and 0.688, 
respectively. Based on the logistic regression model, we 
established a combined diagnosis of CD14+, CD14-, and 
total macrophages with IL-10 and found that the IL-
10 CD14+ macrophage joint detection AUC was 0.830, 
which was significantly higher than the AUCs of the four 
indicators separately and other joint detections. It also 
had significant advantages because of its high sensitivity 
(72.0%) and specificity (87.5%) for diagnosing BC. Table 
3 and Fig. 3 present the results.

Correlation analysis between 
clinicopathological features and CD14+ 
macrophages, IL-10 and CD14+ joint 
detection, and IL-10 and CD14- joint 
detection in peripheral blood

Based on the above results, we selected three detectors 
with relatively optimal test efficiency for the correlation 
analysis with clinicopathological features. The optimal 
cutoff values of CD14+ macrophages, IL-10 and CD14+ 
joint detection, and IL-10 and CD14- joint detection 
calculated by the ROC curve were 4.655%, 22.161%, and 
29.300%, respectively. We divided the BC patients into 
the high score or low score groups based on the cutoff 
values. The results indicated that CD14+ expression 

Table 2 Comparison of macrophages and IL-10 expression levels 
between BC and control group in peripheral blood (χ±s)
Items (%) BC (n = 50) Control (n = 40) t P
CD14+ macrophages 4.766±1.899 2.985±1.123 5.239 0.000 
CD14- macrophages 18.981±8.276 11.233±7.819 1.604 0.112
Total macrophages 16.867±8.216 13.318±8.128 2.048 0.043 
IL-10(pg/mL) 17.324±5.0473 14.028±3.554 3.493 0.001 

Detecting IL-10 in peripheral blood 
We drew 5 mL of anticoagulant whole blood, placed it in 

an ethylenediaminetetraacetic acid (EDTA) anticoagulant 
tube, and let it stand for 1 h at 3600 × g. The serum was 
separated by centrifugation for 10 min and stored at -80°C 
until needed. ELISA was used to quantitatively detect IL-
10 in the serum. The manufacturer’s instructions were 
strictly followed.

Statistical analysis
SPSS 22.0 statistical software was used for the 

statistical analysis. A t-test was used to compare the level 
of peripheral blood macrophages between BC patients 
and healthy controls, and binary logistic regression was 
used to establish the joint detection formula. A receiver 
operating characteristic (ROC) curve was used to analyze 

Table 1 Clinicopathological features of BC group and control group  [n (%)]
Items BC group (n = 50) Control group (n = 40)
Age (years, χ±s) 54.0±12.2 39.5±9.2

≤50 18 (36.0) 32 (80.0)
>50 32 (64.0) 8 (20.0)

Tumor size  (cm, χ±s) 2.8±1.8 -
≤2 22 (44.0) -
>2 28 (56.0) -

Lymph node metastasis
0 15 (30.0) -
1–3 21 (42.0) -
≥4 14 (28.0) -

Ki-67
>30% 29 (58.0) -
≤30% 21 (42.0) -

Vascular invasion
No 33 (66.0) -
Yes 17 (34.0) -

TNM stage
I 15 (30.0) -
II 24 (48.0) -
III 11 (22.0)

ER
Negative 27 (54.0) -
Positive 23 (46.0) -

Her-2
Negative 20 (40.0) -
Positive 30 (60.0) -
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correlated with lymph node metastasis, TNM stage, 
and Ki-67 expression. IL-10 and CD14+ joint detection 
significantly correlated with tumor size, TNM stage, 
lymph node, ER expression, and Ki-67 expression (P < 
0.05). IL-10 and CD14- joint detection was only related 
to TNM stage and lymph node metastasis. Age, vascular 
infiltration, and HER2 expression were not associated 
with any detection (P > 0.05) (Table 4).

Validation analysis of IL-10 and CD14+ joint 
detection in peripheral blood of BC patients 
and patients with benign breast diseases 

We also collected 30 cases of breast cancer and benign 
breast diseases to test the diagnostic efficiency of the 

Fig. 2 Flow cytometry gating strategy for macrophages from peripheral blood of BC patients and healthy controls

Fig. 3 Curve of CD14+ macrophages, IL-10 and their joint detections in 
breast cancer diagnosis

Table 3 Comparison of the diagnostic value of single and combined detection of macrophages and IL-10 in breast cancer
Items Cutoff value AUC 95%CI Sb Sensitivity Specificity
CD14+ macrophages 4.655 0.778 0.680–0.876 0.000 62.00 92.00 
CD14- macrophages 19.980 0.596 0.490–0.723 0.083 34.00 66.00 
Total macrophages 25.430 0.599 0.481–0.717 0.107 22.00 90.50 
IL-10 19.025 0.688 0.580–0.795 0.002 40.00 82.50 
IL-10 CD14+ macrophages combined detection 29.300 0.830 0.748–0.912 0.000 72.00 87.50 
IL-10 CD14-macrophages combined detection 22.161 0.715 0.611–0.819 0.000 40.00 95.00 
IL-10 total macrophages combined detection 17.089 0.712 0.607–0.816 0.001 62.00 65.00 
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Table 4 The correlation of CD14- macrophages, IL-10 and their joint detection with different clinicopathological features in BC patients [n (%)]

Items CD14+ macrophages IL-10 CD14-combined detection IL-10 CD14+ combined detection
Low expression High expression Low expression High expression Low expression High expression

Cases (n) 22 28 28 22 20 30
Age (years)

≤50 9 (50.0) 9 (50.0) 12 (66.67) 6 (33.33) 9 (50.0) 9 (50.0)
>50 13 (40.6) 19 (59.4) 16 (50.00) 16 (50.00) 11 (34.4) 21 (65.6)
χ 2 0.411 1.299 1.172 
P 0.522 0.254 0.279 
r 0.091 0.161 0.153 

Tumor size (cm)
≤2 12 (54.5) 10 (45.5) 15 (68.18) 7 (31.82) 13 (59.1) 9 (40.9)
>2 10 (35.7) 18 (64.3) 13 (46.43) 15 (53.57) 7 (25.0) 21 (75.0)
χ 2 1.773 2.366 5.966
P 0.183 0.124 0.015
r 0.188 0.218 0.345

Lymph node metastasis
0 11 (73.3) 4 (26.7) 13 (86.67) 2 (13.33) 10 (66.7) 5 (33.7)
1–3 6 (28.6) 15 (71.4) 9 (42.86) 12 (57.14) 4 (19.0) 17 (81.0)
≥4 5 (35.7) 9 (64.3) 6 (42.86) 8 (57.14) 6 (42.9) 8 (57.1)
χ 2 7.657 8.179 8.333
P 0.022 0.017 0.016
r 0.294 0.341 0.193

Vascular invasion
No 16 (48.5) 17 (51.5) 18 (54.55) 15 (45.45) 16 (48.5) 17 (51.5)
Yes 6 (35.3) 11 (64.7) 10 (58.82) 7 (41.18) 4 (23.5) 13 (76.5)
χ 2 0.792 0.083 2.911
P 0.373 0.773 0.088
r 0.126 -0.041 0.241

TNM stage
I 11 (73.3) 4 (26.7) 12 (80.00) 3 (20.00) 10 (66.7) 5 (33.7)
II+III 11 (31.4) 24 (68.6) 16 (45.71) 19 (54.29) 10 (28.6) 25 (71.4)
χ 2 7.483 5.009 6.349
P 0.006 0.025 0.012
r 0.387 0.317 0.356

Her-2
Negative 12 (60.0) 8 (40.0) 14 (70.00) 6 (30.00) 11 (55.0) 9 (45.0)
Positive 10 (33.3) 20 (66.7) 14 (45.67) 16 (53.33) 9 (30.0) 21 (70.0)
χ 2 3.463 2.652 3.125
P 0.063 0.103 0.077
r 0.263 -0.230 0.250

ER
Negative 15 (55.6) 12 (44.4) 17 (63.0) 10 (37.0) 15 (55.6) 12 (44.4)
Positive 7 (30.4) 16 (69.6) 11 (47.8) 12 (52.2) 5 (21.7) 18 (78.3)
χ 2 3.181 5.238 5.918
P 0.075 0.022 0.015
r 0.252 0.295 0.344

Ki-67
≤30 17 (58.6) 12 (41.4) 18 (62.07) 11 (37.93) 17 (58.6) 12 (41.4)
>30 5 (23.8) 16 (76.2) 10 (47.62) 11 (52.38) 3 (14.3) 18 (85.7)
χ 2 5.99 1.032 9.975
P 0.014 0.310 0.002
r 0.346 0.144 0.447
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above joint detection model. The analysis results of the 
ROC curve suggested that in the validation population 
with benign breast diseases as the control, the efficacy 
level of IL-10 and CD14+ joint detection was still higher 
than that of single detection and other joint detections. 
The AUC was 0.779, and the sensitivity and specificity 
were 83.3% and 72.3%, respectively. The results of the 
validation analysis were consistent with the test results, 
and the difference was statistically significant (P < 0.001) 
(Fig. 4).

Discussion

In recent years, TAMs have become well known 
because of their plasticity and diversity [7]. After naive 
monocytes in peripheral circulation are recruited to the 
TME, they are polarized into two phenotypes: classic M1 
macrophages and alternative M2 macrophages [8]. TAMs 
with the M1 phenotype show proinflammatory activity 
and better prognosis [9], whereas the M2 phenotype 
is associated with increased angiogenesis and tumor 
aggressiveness [10–11]. M2 TAMs are also key players in 
tumor immune escape and angiogenesis [12]. In addition, 
except for macrophages in tumor tissues, TAMs were 
found to escape from tumor tissue, migrate via the 
lymphatic system, or intravasate across intratumor 

capillary barriers into peripheral circulation with CTCs 
and other blood cells, and further turn into CAMLs [13]. 
Therefore, future research into the BC TME should focus 
on the specific mechanism of M2 TAMs in vivo.

Of the numerous cytokines associated with the TME, 
IL-10 and M2 TAMs are closely related. M2 phenotype 
macrophages are activated in the microenvironment by 
IL-10, glucocorticoids, and immune complexes. They can 
generate auxiliary IL-10 and matrix-remodeling factors, 
such as MMPs [14]. Several studies have identified that 
IL-10 secreted by macrophages can induce endothelial 
cell proliferation and participate in the epithelial-to-
mesenchymal transition to promote apoptosis in BC 
cells through their related pathways, including the 
Janus kinase 2 (JAK2)/signal transducer and activator 
of transcription 3 (STAT3) pathway [15–16]. In addition, 
previous research has shown that the double-labeling of 
IL-10 and CD14+ can screen “M2-like macrophages” in 
peripheral blood, which is significantly correlated with 
malignant clinicopathological characteristics and poor 
prognosis [17]. Thus, IL-10 and M2 TAMs are inextricably 
associated with cancer-promoting processes. CD14 
macrophages and IL-10 in peripheral blood may also be 
critical in BC.

This study is the first to show that patients with BC 
have higher levels of IL-10, CD14+ macrophages, and 
total macrophages than healthy individuals. This implies 
that the in vivo environment, which shows the presence 
of more macrophages, can confer a survival advantage 
to tumor cells. Simultaneously, BC patients also had 
significantly higher IL-10 expression levels, suggesting 
a certain effect of M2 macrophages in BC patients. 
Therefore, based on these analyses, we established a 
joint detection model of IL-10 and CD14 macrophage 
expression by binary logistic regression. ROC curve 
analysis confirmed that the joint detection of CD14+ 
and IL-10 was more valuable and effective as a potential 
diagnostic method of BC than the single detection of IL-
10 and CD14 macrophages and other joint detections 
(AUC = 0.830, P < 0.001). In the validation analysis, we 
found that the joint detection of CD14+ and IL-10 still 
showed advantageous diagnostic efficiency (AUC = 0.779, 

Fig. 4 Curve of CD14+ macrophages, IL-10 and their joint detections in 
validation analysis

Table 5 Comparison of the diagnostic value of single and combined detection of macrophages and IL-10 between patients with breast cancer and 
breast benign diseases 
Items AUC 95%CI Sb Sensitivity Specificity
CD14+ macrophages 0.653 0.512–0.794 0.041 36.70 95.00 
CD14- macrophages 0.612 0.469–0.794 0.135 98.50 26.70 
Total macrophages 0.690 0.557–0.823 0.011 36.70 96.70 
IL-10 0.659 0.517–0.801 0.035 46.70 90.00 
IL-10 CD14+macrophages combined detection 0.779 0.660–0.896 0.000 83.30 72.30 
IL-10 CD14-macrophages combined detection 0.668 0.527–0.809 0.026 40.00 96.70 
IL-10 total macrophages combined detection 0.687 0.549–0.824 0.013 40.00 98.50 
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P < 0.001), and the result was consistent with the test 
results.

This study also analyzed the relationship between 
macrophages and BC clinicopathological features. CD14+ 
macrophage expression was correlated with stage, lymph 
node metastasis, and high Ki-67 expression (P < 0.05), 
suggesting a significant relationship between macrophage 
expression in the peripheral blood and poor prognosis in 
BC patients. TAMs are always expressed at low levels in 
patients with early-stage and luminal BC and early-stage 
BC, whereas triple-negative BC (TNBC) mostly shows 
TAM overexpression [18–19]. The results of this study were 
consistent with these findings. The joint detection results 
of IL-10 and CD14+ macrophages were significantly 
correlated with tumor size, TNM stage, lymph node 
metastasis, ER expression, and Ki-67 expression (P < 0.05). 
ER-positive patients have lower macrophage expression 
levels in the peripheral blood. The faster tumor cells 
proliferate, the later the tumor stage and the stronger 
the expression of macrophages in the peripheral blood of 
BC patients. This confirmed that jointly detecting IL-10 
and CD14+ macrophages could suggest tumor burden and 
the invasive ability of BC cancer cells, and they may be 
potential BC biomarkers.

However, the present study only analyzed macrophages 
and IL-10 in the peripheral blood, and different subtypes 
of macrophages were not further classified. There is a lack 
of intuitive data on the independence and interaction of 
M1 and M2 macrophages in the peripheral blood. The 
level difference of peripheral blood in different molecular 
types of breast cancer is also unclear. We need to expand 
the sample size to confirm this observation in future 
research.

In summary, this study found that the expression of 
total macrophages, CD14+ macrophages, and IL-10 were 
significantly increased in BC patients. Jointly detecting 
CD14+ macrophages and IL-10 can also indicate a poor 
prognosis, guide BC development and monitoring, 
and provide new ideas for research on BC-related 
macrophages.
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Objective Gastric cancer (GC) is one of the most prevalent cancers worldwide and is associated with 
high morbidity and mortality rates. The IGF2 mRNA-binding protein (IGF2BP) participates in a variety of 
cancers. The aim of this study was to analyze the expression of IGF2BP3  and explore the genes related 
to IGF2BP3 in GC. 
Methods Bioinformatics software was used to analyze the expression of IGF2BP1, IGF2BP2, and 
IGF2BP3 in tumors, and the expression of IGF2BPs in the GSE118897 dataset. Immunohistochemistry 
was performed to detect the protein level of IGF2BP3 in GC samples. cBioPortal was used to query gene 
alteration of IGF2BP3. LinkedOmics was used to identify genes related to IGF2BP3.
Results Sangerbox analysis showed that the expression of all IGF2BP family members was higher in GC. 
cBioporta analysis showed that gene alteration of IGF2BP3 in stomach adenocarcinoma included mutation 
and amplificatio. LinkedOmics analysis showed that many genes were correlated with IGF2BP3, such as 
PLAGL2, GET4, IGF2BP1, HMGA2, CLDN6, HOXC13, SMARCA2, TMEM66, CIRBP, NFIX, SLC25A12, and 
CYB5D2.
Conclusion In this study, we founded that IGF2BP3 was overexpressed in GC. Furthermore, this study 
identified potential genes related to IGF2BP3 in GC, which should be studied further.
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Abstract

Gastric cancer (GC) is one of the most prevalent 
cancers worldwide and is associated with high morbidity 
and mortality rates. There were an estimated 1,033,700 
new stomach cancer cases and 782,700 stomach cancer-
related deaths in 2018 [1]. Since the symptoms of GC are 
not obvious, most patients are diagnosed at intermediate 
and advanced stages when surgery is no longer an 
option. The prognosis for GC is poor, with patients in 
the advanced stage having a mean total survival of 10–12 
months [2]. Therefore, identification of novel biomarkers 
is vital for the early diagnosis of GC.

The conserved IGF2 mRNA-binding protein (IGF2BP) 
family includes the genes IGF2BP1, IGF2BP2, and 
IGF2BP3, which encode a family of RNA-binding proteins 
that regulate their target genes. IGF2BP proteins play 
important roles in development, the nervous system, and 
cancer, and act as essential modulator in cell growth and 

differentiation [3]. IGF2BP3, also known as IMP3, binds 
to RNA and regulates the expression of target mRNAs 
involved in carcinogenesis. The expression of IGF2BP3 
may serve as a predictor of bladder cancer, since the 
protein expression of IGF2BP3 has been associated with 
advanced tumor stage, grade, and recurrence [4]. IGF2BP3 
has been suggested as a poor prognostic marker in gastric 
tumors [5].

In this study, we used bioinformatics to analyze the 
expression of IGF2BPs in GC. We selected IGF2BP3 for 
further study and performed immunohistochemistry 
(IHC) to detect the protein level of IGF2BP3 in GC. 
Furthermore, genes related to IGF2BP3 in GC were 
analyzed using LinkedOmics. Our results suggest that 
IGF2BP3 represents a promising therapeutic target for 
GC.
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Materials and methods

SangerBox analysis
SangerBox (http://sangerbox.com/) was used to detect 

the expression of IGF2BP1, IGF2BP2, and IGF2BP3 in 
tumors based on The Cancer Genome Atlas (TCGA) and 
the Genotype-Tissue expression project (GTEx). 
Differences were considered significant at P < 0.05, *P < 
0.05, **P < 0.01, ***P < 0.001. 

 
Gene Expression Omnibus (GEO) analysis

GEO (https://www.ncbi.nlm.nih.gov/geo/) was used to 
further assess the expression of IGF2BPs in GSE118897 
dataset [6] in matched GC and normal tissues. Based on the 
results of these analyses, we selected IGF2BP3 for further 
study.

UALCAN analysis
UALCAN (http://ualcan.path.uab.edu/) [7] was used to 

detect the promoter methylation expression of IGF2BP3. 

IHC assays
Tissue microarrays were obtained from Shanghai Outdo 

Biotech Company (Shanghai, China). Each section was 
deparaffinized with xylene and hydrated using an alcohol 
gradient. The sections were then treated for endogenous 
peroxidase-blocking and antigen retrieval. The sections 
were incubated with rabbit anti-IGF2BP3 followed by 
incubation with a secondary antibody. For visualization, 
3,3′-diaminobenzidine (DAB) and hematoxylin were 
used. Digital images were obtained using a Leica image 
analysis system.

Genetic alteration analysis
The cBioPortal (http://www.cbioportal.org/) [8] was 

used to determine the genetic alteration characteristics 
of IGF2BP3. We chose the “Quick select” section and 
entered “IGF2BP3” to check the results of the alteration 
characteristics of IGF2BP3 across TCGA tumors which 
were observed in the “Cancer Types Summary” module.

LinkedOmics analysis
The LinkedOmics database [9] (http://www.

linkedomics.org) contains multi-omics and clinical data 
from 32 cancer types and 11,158 patients from TCGA. We 
used the LinkedOmics database to identify genes related 
to IGF2BP3 in the TCGA stomach adenocarcinoma. 
Pearson’s correlation test was used to analyze the results.

Results

Expression of IGF2BPs in GC
We detected the expression levels of IGF2BPs from 

TCGA and GTEx using SangerBox. The results showed 
that IGF2BP1, IGF2BP2, and IGF2BP3 were more highly 
expressed in stomach cancer than in normal tissues 
(Fig.1a–1c).

IGF2BP3 expression is higher in GC 
GEO was used to further assess the expression of 

IGF2BP genes in the GSE118897 dataset. The results 
showed that IGF2BP1 and IGF2BP2 were more highly 
expressed in GC tissues than in the normal gastric 
mucosa. However, this difference was not statistically 
significant (Fig. 2a and 2b). Compared with the expression 
in the normal gastric mucosa, IGF2BP3 in GC tissues 
was significantly overexpressed (Fig. 2c). Therefore, 
we selected IGF2BP3 for further study. The level of 
IGF2BP3 promoter methylation in stomach cancer was 
also analyzed using UALCAN. The data showed that the 
promoter methylation level of IGF2BP3 was significantly 
lower in stomach cancer tissues than in the control tissues 
(Fig. 2d). 

Expression of IGF2BP3 is higher in GC
 We performed IHC assays to detect the protein 

expression of IGF2BP3 in GC. The results demonstrated 
that the expression of IGF2BP3 was higher in GC tissues 
than in paracarcinoma tissues (Fig. 3).  

Mutation of IGF2BP3
Fig. 4 showed the gene alteration of IGF2BP3 in tumor 

samples of the TCGA cohorts. The type of gene alteration 
of IGF2BP3 in Stomach Adenocarcinoma included 
mutation and amplification. 

Genes related to IGF2BP3
We used LinkedOmics to identify genes related with 

IGF2BP3 in stomach cancer. A volcano plot revealed that 
genes correlated with IGF2BP3 expression (false discovery 
rate < 0.05; Fig. 5a). Heat maps showing genes that were 
positively and negatively correlated with IGF2BP3 in 
stomach adenocarcinoma (TOP 50) (Fig. 5b). PLAGL2, 
GET4, IGF2BP1, HMGA2, CLDN6, and HOXC13 
positively correlated with IGF2BP3 expression in 
stomach adenocarcinoma. SMARCA2, TMEM66, CIRBP, 
NFIX, SLC25A12, and CYB5D2 negatively correlated 
with IGF2BP3 expression in stomach adenocarcinoma 
(Fig. 5c).
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Fig. 1 Expression level of IGF2BP genes in gastric cancer
The expression of IGF2BP1 (a), IGF2BP2 (b), and IGF2BP3 (c) in tumors, analyzed using Sangerbox.
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Discussion

GC is a complex multifactorial disease, and genetic 
factors play a significant role in its development. 
Exploring the genes and signaling pathways related to the 
progression of GC could improve the early diagnosis rate 
and treatment options.

Recently, intensive research has demonstrated that 
IGF2BP3 is abnormally expressed in various tumor types, 
including human gliomas [10], neuroendocrine tumors of 
the lung [11], intrahepatic cholangiocarcinoma [12], prostate 
cancer [13], pediatric pilocytic and pilomyxoid astrocytoma 

[14], and endometrial clear cell carcinoma [15]. Zhou et al.  

[16]showed that IGF2BP3 was dramatically overexpressed 
in GC tissues compared with normal gastric tissues, and 
higher expression of IGF2BP3 was related to poor disease-
specific survival. Collectively, these studies indicate that 
IGF2BP3 may play a significant role in cancer. Therefore, 
assessing the expression of IGF2BP3 and its interaction 
network may be useful for the diagnosis and treatment 
of cancer.

In recent years, the rapid development of 
bioinformatics methods that integrate big data has enabled 
advances in basic tumor research. In this study, we used 
bioinformatics tools to analyze the expression of IGF2BP 
genes and found that IGF2BP3  was overexpressed in 
GC. We also found that the level of IGF2BP3 promoter 
methylation in stomach cancer was significantly lower 
than that in control tissues, its elevated expression may be 
related to promoter hypomethylation. Additionally, heat 
maps showing genes positively and negatively correlated 
with IGF2BP3 expression in stomach adenocarcinoma. 
LinkedOmics showed that PLAGL2, GET4, IGF2BP1, 
HMGA2, CLDN6, and HOXC13 were the top genes 
positively correlated with IGF2BP3 expression in stomach 
adenocarcinoma. PLAGL2 (pleomorphic adenoma gene 
like-2), a zinc finger PLAG transcription factor, is active 
in cancer progression. PLAGL2 could promote cell 
proliferation, migration and invasion in gastric cancer, play 
an important role in the stabilization of Snail1, and affect 
the Snail1-mediated GC cell proliferation and migration 

[17]. A previous study showed that GET4 is one of the 

Fig. 3 Expression of IGF2BP3 is higher in gastric cancer tissues.

Fig. 2 IGF2BP gene analysis in gastric cancer, promoter methylation analysis. (a–c) Expression analysis of IGF2BP1, IGF2BP2, and IGF2BP3 in 
paired gastric cancer and normal tissues in the GSE118897 dataset; (d) Promoter methylation level of IGF2BP3 in gastric cancer.  * P < 0.05.
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genes altered in intestinal- and diffuse-type GC that were 
analyzed in chromosomal instability and genomically 

stable samples in TCGA RNA-seq data [18]. IGF2BP1 
is involved in regulatory processes of long noncoding 

Fig. 4 Genetic alteration characteristics of IGF2BP3

Fig. 5 Genes related to IGF2BP3 in gastric cancer
(a) Pearson’s test was performed to calculate correlations between IGF2BP3 expression and genes in gastric cancer by LinkedOmics; (b) Heat maps 
showing genes positively and negatively correlated with IGF2BP3 expression in stomach adenocarcinoma by LinkedOmics (TOP 50); (c) PLAGL2, 
GET4, IGF2BP1, HMGA2, CLDN6, HOXC13, SMARCA2, TMEM66, CIRBP, NFIX, SLC25A12, and CYB5D2 were correlated with IGF2BP3 in stomach 
adenocarcinoma.
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(lnc)RNAs in GC cancer; lncRNA TRPM2-AS acted as a 
microRNA sponge for miR-612 and miR-612 could target 
IGF2BP1. Silencing the expression of IGF2BP1 inhibited 
GC cell proliferation and induced GC cell apoptosis; these 
findings reveal that IGF2BP1 has an oncogenic function 
in GC [19]. LncRNA GLCC1 regulates the migration and 
invasion of GC cells by enhancing the interaction of 
c-Myc/IGF2BP1 [20]. The high mobility group AT-hook 
2 (HMGA2) is implicated in gastric carcinogenesis. The 
expression of HMGA2 significantly increased in GC 
samples compared with that in adenoma and normal 
gastric tissues. Multivariate analysis predicted that the 
expression of HMGA2 protein may be a useful prognostic 
marker for tumor recurrence [21]. Overexpression of 
HMGA2 induced GC cell sphere formation and migration 

[22]. Claudin6 (CLDN6) is a member of the tight junction 
family that participates in signal modulation in cancers 

[23]. CLDN6 expression was upregulated in both GC cell 
lines and tissues, and CLDN6 promoted GC proliferation 
and invasive ability [24]. CLDN6 acts as a GC-promoting 
gene and may be a possible prognostic marker [25]. Analysis 
of the differentially expressed mRNAs and lncRNAs in 
375 gastric adenocarcinomas and 32 adjacent non-tumor 
tissues on TCGA showed that lncRNA HOXC-AS3 may be 
a potential biomarker for gastric adenocarcinoma. HOXC-
AS3 may regulate various HOX genes, including HOXC13 
in gastric adenocarcinoma [26]. LinkedOmics showed 
that SMARCA2, TMEM66, CIRBP, NFIX, SLC25A12, 
and CYB5D2 were the top genes negatively correlated 
with IGF2BP3 expression in stomach adenocarcinoma. 
SMARCA2 is a chromatin remodeling gene that plays 
vital roles in oncogenesis [27]. Somatic mutations of 
SMARCA2 have been reported in GC. Depletion of 
SMARCA2 in GC cell lines promoted cell proliferation 

[28]. TMEM66 may be related with multiple sclerosis and 
is likely a promising biomarker for multiple sclerosis [29]; 
nevertheless, the function of TMEM66 in cancer needs 
further study. CIRBP is a cold-shock protein, involved in 
cancers and inflammatory diseases, that regulates target 
mRNA. CIRBP is primarily thought to act as an oncogene, 
although it may also play a role in tumor suppression [30]. 
CIRBP is overexpressed in both bladder cancer tissues and 
cell lines, and can promote the proliferation and migration 
of bladder cancer cells [31]. CIRBP expression is higher in 
pancreatic ductal adenocarcinoma tumor tissues than in 
corresponding paracarcinoma tissues. CIRBP knockdown 
suppressed the proliferation of PANC-1 and SW1990 
cancer cells, and overexpression of CIRBP promoted the 
proliferation of PANC-1 and SW1990 cells [32]. The role 
of CIRBP in gastric cancer requires further investigation. 
NFIX is a member of the nuclear factor I (NFI) family, 
which plays an important role in the development 
of several organs in mammals [33]. In GC, miR-625-5p 
targeted NFIX, and overexpression of NFIX could rescue 

the effect of LINC00511 silencing [34]. SLC25A12 (AGC1) 
is a vital component of the malate-aspartate shuttle, and 
SLC25A12 can affect pulmonary metastasis [35]. SLC25A12 
was reactivated in HepG2 cells via CREB recruitment 
and histone acetylation. Silencing SLC25A12 inhibits the 
proliferation of HepG2 cells by regulating the cell cycle [36]. 
The expression of SLC25A12 is aberrant in acute myeloid 
leukemia (AML); it is overexpressed in AML patients 
compared with healthy people, and the expression of 
SLC25A12 is related to shorter event-free survival and 
overall survival of AML patients. SLC25A12 is a potential 
prognostic biomarker for AML [37]. CYB5D2 suppresses 
the proliferation of MCF7 cells and is a potential tumor 
suppressor in breast cancer [38]. CYB5D2 inhibits the 
invasion of HeLa cells. The expression of CYB5D2 was 
reduced in cervical squamous cell carcinomas [39]. Some of 
these predicted genes, which may be related to IGF2BP3, 
have been reported to play essential roles in gastric 
cancer. Overall, our results may be a starting point for 
further research on the function of IGF2BP3 in GC.
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Objective The aim of this study was to evaluate the impact of serum carcinoembryonic antigen (CEA) in 
the prediction of pathological complete response (pCR) in locally advanced rectal cancer (LARC) patients 
treated with neoadjuvant chemoradiotherapy (nCRT). 
Methods A total of 925 LARC patients who underwent nCRT followed by TME between March 2006 
and February 2018 were enrolled at Fudan University Shanghai Cancer Center. Using logistic regression 
models, we investigated the associations between serum CEA levels and pathological complete remission 
(pCR). Further stratified analyses were performed according to different CEA thresholds.
Results We found that pre-nCRT CEA and post-nCRT CEA were negatively correlated with pCR 
(P < 0.001). Stratified analyses revealed that when the CEA cutoff value was set to 5 ng/mL, 10.6% of 
patients with post-nCRT CEA levels > 5 ng/mL achieved pCR. Meanwhile, when the CEA cutoff value was 
set to 10 ng/mL, only 6.8% of the patients with post-nCRT CEA levels > 10 ng/mL achieved pCR.
Conclusion  In summary, pre- and post-nCRT CEA levels ≤ 5 ng/mL were favorable predictors of pCR 
in LACR patients, and the “watch and wait” strategy is not recommended for patients with post-nCRT CEA 
levels > 10 ng/mL.
Key words: locally advanced rectal cancer (LARC); carcinoembryonic antigen (CEA); neoadjuvant 
chemoradiotherapy; pathological complete response (pCR)
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Abstract

Rectal cancer is one of the leading causes of 
mortality and morbidity worldwide, and its growing 
incidence reflects the consequences of a modification 
in lifestyle behaviors [1]. According to NCCN clinical 
practice guidelines [2], the standard treatment for locally 
advanced rectal cancer (LARC) includes neoadjuvant 
chemoradiotherapy (nCRT) followed by total mesorectal 
excision (TME). However, prior studies have shown 
inconsistent treatment responses to neoadjuvant CRT, 
ranging from a pathological complete response (pCR) 
to the total resistance. Previous studies [3–7] have shown 
that rectal cancer patients with pCR after neoadjuvant 
chemoradiotherapy and surgical resection of the primary 
lesion have better long-term outcomes than patients who 
lack significant remission or non-remission, and pCR 
rates of 10%-30% have been reported in some studies [8–10]. 
However, a method to identify patients who can benefit the 

most from nCRT remains to be found. This stratification 
could be used to identify patients in whom “watch and 
wait” management may be a significant treatment option. 
“Watch and wait” is a novel alternative to TME after 
a clinical complete response (cCR) to nCRT with the 
promise of improved quality of life and comparable cure 
effect [11]. In addition, the NCCN guidelines suggest that 
“watch and wait” management may be considered for 
patients with a cCR and no evidence of residual disease. 
Therefore, it is important to explore predictive factors of 
pCR before surgery in LARC patients to support decision-
making in organ preservation strategies.

In recent years, a number of studies have explored the 
importance of pre- and post-nCRT carcinoembryonic 
antigen (CEA) levels on pCR and come to different 
conclusions. Some studies [12–15] have reported that a lower 
pre-treatment CEA level is associated with a higher pCR 
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rate, while others have shown that the predictive value is 
only significant in non-smokers [16–17]. Other studies have 
shown that a lower pre-nCRT CEA level is not correlated 
with pCR [18–19], while post-nCRT CEA is negatively 
correlated with pCR [20–22]. Furthermore, several studies 
have suggested that patients with elevated pre-nCRT 
CEA levels may not be suitable for the “watch and wait” 
strategy [23]. However, only limited research focusing on 
the correlation between pre- and post-treatment CEA 
and pCR in the Asian population has been performed. 
Therefore, this retrospective study was performed to 
evaluate the predictive value of pre- and post-treatment 
CEA levels after neoadjuvant chemoradiotherapy in 
LARC patients. These findings can be used to distinguish 
LARC patients who are suitable for the “watch and wait” 
strategy based on the CEA levels.

Materials and methods

Study participants
Between March 2006 and February 2018, a total of 

1130 patients with locally advanced rectal cancer received 
nCRT at Fudan University Shanghai Cancer Center. 
The inclusion criteria of this study were as follows: (1) 
distance from the anal verge ≤ 12 cm; (2) histopathological 
diagnosis of adenocarcinoma; (3) clinical stage T3-4 and/
or N+ with MRI or ERUS; (4) no evidence of distant 
metastasis shown on computed tomography (CT) of the 
chest and abdomen; (5) receiving a long-course CRT 
followed by radical resection within 6-10 weeks after 
the end of CRT; (6) available pre- and post-nCRT CEA 
data. Pre-nCRT CEA level was defined as the CEA value 
measured within one week before nCRT, while post-
nCRT CEA level is the CEA value measured within one 
week before surgery.

Treatment
All the patients underwent intensity-modulated 

radiation therapy (IMRT) ranging from 44 to 55 Gy in 
20 to 25 fractions, concurrent with capecitabine-based 
chemotherapy, including capecitabine alone, capecitabine 
plus oxaliplatin, and capecitabine plus irinotecan. A TME 
was performed 6-10 weeks after completion of CRT. The 
pathological evaluation was defined according to the 8th 
American Joint Committee on Cancer (AJCC) Manual 

[24]. PCR was defined as complete regression of both the 
primary lesion and the regional lymph nodes. 

Statistical analysis
Patient’s demographic and clinical-pathological 

features, including age, gender, Body Mass Index (BMI), 
distance from the anal verge, clinical T- and N-stage, 
pathological T- and N-stage after TME, CRT regimen, 

type of surgery, and CEA values of pre- and post-CRT 
were retrieved from the patient’s medical records. 

Continuous variables were reported as mean and 
standard deviations, and categorical variables were shown 
as frequencies or percentages. Fisher’s exact and Pearson’s 
chi-square tests were used to determine correlations 
between categorical variables. Logistic regression models 
identified the predictors of endpoint pCR. For all analyses, 
a P-value of < 0.05 was considered significant. Statistical 
analyses were performed using SPSS 26.0 software.

Results

Baseline characteristics
A total of 925 patients were recruited for this 

retrospective study (Fig. 1 and Table 1). Overall, 29 
patients (3.1%) had a clinical T2 primary tumor, 748 
(80.9%) had a clinical T3 primary tumor, and 148 (16%) 
had a clinical T4 primary tumor. Further, 64 patients 
(6.9%) had a clinical N0 and 861 (93.1%) had a clinical 
N+, indicating lymphatic metastasis. Tumor pathological 
staging after TME was evaluated, and 194 patients 
(21.0%) achieved pCR, as shown in Table 2. Serum CEA 
levels were collected at two different time periods, one 
week before nCRT and one week before surgery. In total, 
408 patients had pre-nCRT CEA levels greater than 5 ng/
mL, while 217 patients had post-nCRT CEA levels greater 
than 5 ng/mL, while 103 patients had levels > 10 ng/mL.

Multivariate analysis of pCR
A logistic regression model was used to analyze the 

potential factors influencing pCR (Table 3). The findings 
revealed that patients with pre-nCRT CEA levels ≤ 5 
ng/mL were more likely to achieve a pCR (RR = 0.596, 
P < 0.001). Similarly, post-nCRT CEA levels were 
negatively correlated with the pCR rate (RR = 0.438, 
P < 0.001). Other factors, including age, sex, BMI, clinical 
T-category, clinical N-category, and distance from the 
anal verge, were not significantly associated with pCR. 

Stratified analysis of the effect of CEA after 
nCRT on pCR

The 5 ng/mL and 10 ng/mL cutoff values were set to 
stratify the patients based on their post-nCRT CEA level. 
There were 217 patients with CEA greater than 5 ng/
mL (Table 4), whose pCR rate was 10.6%. Among the 
remaining 708 patients, 24.2% achieved pCR. There were 
103 patients with CEA greater than 10 ng/mL (Table 4), in 
whom only 6.8% achieved pCR, while the corresponding 
rate was 22.7% in the remaining patients. The differences 
in complete response rate between subgroups were 
statistically significant.
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nCRT treatment efficacy and to define predictive factors 
of complete remission.

Recently, studies have discussed the correlation 
between CEA and treatment evaluation in rectal cancer. 
Joye I et al. [15] reports that the pre-treatment CEA mean 
level is statistically significant with pCR to nCRT (P = 
0.04). Yinuo Tan et al. [13] reported that the pCR rate was 
22% in patients with pre-treatment CEA levels < 5 ng/
mL and 18% in patients with pre-treatment CEA levels 
≥ 5 ng/mL. Kleiman et al. [19] demonstrate that post-CRT 
CEA levels are significantly lower in LARC patients with 
pCR (1.7 vs. 2.4 mg/L, P < 0.01). These studies indicate that 
both pre- and post-CRT CEA levels are strong predictors 
of achieving pCR in LARC. Similarly, we found that low 
pre- and post-nCRT CEA levels are significant predictors 
of pCR. Furthermore, when stratified according to the 
post-nCRT CEA level (10 ng/mL), the difference in 
pCR rate between subgroups is significant (6.8% vs. 
22.7%). Therefore, the “watch and wait” strategy is not 
recommended if the LARC patients’ post-nCRT CEA 
level is greater than 10 ng/mL after chemoradiotherapy.

Fewer studies have combined the predictive value of 
the CEA level with the “watch and wait” strategy. This 
has been associated with a lack of accuracy and sensitivity 
of CEA in predicting the efficacy of nCRT in LARC. Other 
studies have identified other predictors of the curative 
effect of nCRT in LARC. Monguzzi L et al. [25] reported 
that the apparent diffusion coefficient (ADC) value of 
magnetic resonance diffusion-weighted imaging (DW-
MRI) could be used to predict the pathological grade of 
nCRT. Jia H et al. [26] reported a panel of metabolites used 
to predict pathological response to nCRT in LARC. Zhang 
J et al. [27] also found that the LARC assigner 3 classification 

Discussion

In this study, CEA expression levels were significantly 
associated with pCR in LARC patients, indicating their 
use in predicting patient response to nCRT. Patients 
with pre-nCRT CEA level > 5 ng/mL had a lower pCR 
(P < 0.001). Similarly, a higher post-nCRT CEA level was 
negatively correlated with higher pCR (CEA cutoff value 
set to 5 ng/mL, RR = 0.438, P < 0.001; CEA cutoff value 
set to 10 ng/mL, RR = 0.300, P < 0.001, respectively). The 
pCR rate of patients with CEA level > 5 ng/mL was 10.6%, 
while the pCR rate of the remaining patients with CEA 
level ≤ 5 ng/mL was 24.2%. Meanwhile, patients with 
a CEA level greater than 10 ng/mL had a very low pCR 
rate of 6.8%, while that in the remaining patients was 
22.7%. There was no significant correlation between age, 
sex, BMI, clinical T-category, clinical N-category, and 
location from the anal verge with pCR.

In this study, the 21.0% pCR rate obtained is consistent 
with data reported in other studies (10%–30%) [8–10]. CRT 
and TME result in a poor-quality of life due to adverse 
reactions to TME. The idea of the “watch and wait” 
method was first proposed by Habr-Gama [11] and is based 
on the idea that treatment strategy for LARC patients 
should be chosen based on the stages after neoadjuvant 
therapy. Studies have shown that LARC patients who 
received cCR after chemoradiotherapy have better long-
term follow-up results with a “watch and wait” strategy. 
However, other studies have reported that only 36% of 
patients clinically evaluated as cCR achieve pCR after 
surgery. Therefore, precise diagnosis of cCR patients is 
important. Herein, we performed a large sample study to 
explore the predictive ability of curative characteristics of 

Fig. 1 Stages of this research. Between March 2006 and February 2018, a total of 1130 patients with locally advanced rectal cancer received nCRT 
at Fudan University Shanghai Cancer Center. In this period, 925 patients met the inclusion criteria for this retrospective analysis, with available pre- and 
post-nCRT CEA levels.
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could predict outcomes in LARC patients, and tumors 
identified as low-risk based on this classification had a 
better prognosis. 

This study had several limitations. First, this 
retrospective study used data from only a single cancer 
center, which may have led to selection bias. Second, we 
only reported a correlation between CEA levels and a 
pCR, but other associated serum tumor markers were not 
completely collected. Lastly, our study did not analyze the 
prognosis of patients who chose nonsurgical treatment 
based on the CEA value.

Conclusion  
This study demonstrated that high serum CEA level 

is an independent predictor for a lower rate of pCR in 
locally advanced rectal cancer patients. This could 
facilitate patient selection and aid clinicians to identify 
patients who may benefit most from watch-and-wait 
strategies. However, further prospective, randomized 
large-scale studies are warranted to combine predictive 

Table 2 Surgical type and pathological results. 

Items n %

Total 925 100.0
Surgery

Miles 415 44.9
Dixon 458 49.5
Hartmann 52 5.6

pCR
Yes 194 21.0
No 731 79.0

ypT
ypT0 215 23.2
ypT1 33 3.6
ypT2 246 26.6
ypT3 413 44.6
ypT4 18 1.9

ypN
ypN0 587 63.5
ypN1 263 28.4
ypN2 75 8.1

Note: yp, pathological staging after neoadjuvant therapy.

Table 3 Relative risk for pCR. 

Items RR P value

Age (> 55 vs. ≤ 55) 0.867 0.277
Sex (Female vs. Male) 0.976 0.858
BMI (≥ 25 vs. < 25) 1.250 0.261
Clinical T (cT4 vs. cT2-3) 0.958 0.970
Clinical N (cN+ vs. cN0) 1.039 0.977
Location from anal verge (> 5 cm vs. ≤ 5cm) 0.958 0.755
Pre-nCRT CEA level (> 5 vs. ≤ 5) 0.596 < 0.001
Post-nCRT CEA level (> 5 vs. ≤ 5) 0.438 < 0.001
Post-nCRT CEA level (> 10 vs. ≤ 10) 0.300 < 0.001
Note: RR, risk ratio

Table 4 Correlation between Post-nCRT CEA level and pCR.

Items PCR Non-PCR P valuen     % n     %
Using 5 ng/mL as Cut-off value of CEA < 0.001
≤ 5 ng/mL 171  24.2 537  75.8
> 5 ng/mL 23  10.6 194  89.4

Using 10 ng/mL as Cut-off value of CEA < 0.001
≤ 10 ng/mL 187  22.7 635  77.3
> 10 ng/mL 7  6.8 96  93.2

Note: CEA refers to Post-nCRT CEA.

Table 1 Baseline characteristics. 

Items n %

Total 925 100.0
Age (years)
≤ 55 440 47.6
> 55 485 52.4

Sex
Male 634 68.5
Female 291 31.5

BMI
< 18 38 4.1
18–25 640 69.2
≥ 25 208 22.5
Unknown or missing 39 4.2

Clinical T-categary
cT2 29 3.1
cT3 748 80.9
cT4 148 16.0

Clinical N-categary
cN0 64 6.9
cN+ 861 93.1

Location from anal verge (cm)
≤ 5 501 54.2
> 5 424 45.8

CRT regimen
Cap + RT 354 38.3
CapOx + RT 295 31.9
CapIri + RT 276 29.8

Pre-nCRT CEA levela
≤ 5 517 55.9
> 5 408 44.1

Post-nCRT CEA levelb (cutoff = 5)
≤ 5 708 76.5
> 5 217 23.5

Post-nCRT CEA levelb (cutoff = 10)
≤ 10 822 88.9
> 10 103 11.1

Note:
a Pre-nCRT CEA level was defined as the CEA value within one week 
before nCRT.  
b Post-nCRT CEA level was defined as the CEA value within one week 
before surgery.  
Abbreviation: BMI, Body Mass Index; CRT, chemoradiotherapy; RT, 
radiotherapy; N+, lymphatic metastasis.
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factors to develop a multi-factor prediction model with a 
more accurate prediction of complete remission.
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Objective The aim of this study was to investigate the risk factors of lymph node metastasis in rectal 
neuroendocrine neoplasms (RNENs). 
Methods We enrolled 168 patients with RNENs as the research object, and their clinicopathological and 
survival data were collected. The risk factors affecting lymph node metastasis were analyzed retrospectively, 
and independent risk factors affecting prognosis were evaluated.
Results Analysis showed that age, tumor diameter, tumor function, grade, and T stage were correlated 
with lymph node metastasis (P < 0.05). Multiple logistic regression analysis showed that tumor size, grade, 
and T stage were independent risk factors for lymph node metastasis in patients with RNENs. Kaplan–
Meier analysis showed that the 5-year overall survival (OS) of patients with lymph node metastasis was 
40.0% (10/25), and that of patients without lymph node metastasis was 93.0% (133/143). The prognosis of 
RNENs patients with lymph node metastasis along with patients with large tumor diameter and high grade 
was poor. Cox multivariate analysis showed that tumor diameter (HR = 1.985, P = 0.008), grade (HR = 
3.416, P = 0.004), T stage (HR = 2.413, P = 0.014), and lymph node metastasis (HR = 3.119, P = 0.000) 
were independent risk factors affecting the prognosis of patients with RNENs.
Conclusion Tumor size, grade, and T stage are the main risk factors for lymph node metastasis and 
prognosis in patients with RNENs. These risk factors should be fully evaluated before surgery.
Key words: rectal neuroendocrine tumor; lymph node metastasis; risk factors
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Abstract

Neuroendocrine neoplasms (NENS) are heterogeneous 
tumors of peptidergic neurons that originate from 
neuroendocrine cells and exert a neuroendocrine function. 
They can produce a variety of different hormones resulting 
in different symptoms [1]. In recent years, the incidence of 
NENS originating from the gastroenteric pancreas system 
and lungs is increasing [2]. The incidence rate of rectal 
neuroendocrine neoplasm (RNENs) is the highest in the 
gastrointestinal tract. As diagnostic technology continues 
to improve, the incidence rate of RNENs has increased 
by nearly ten-fold [3] in the past 30 years. Many factors 
affect the prognosis of patients with RNENs, among 
which lymph node metastasis is an important risk factor. 
Therefore, the determination of lymph node metastasis 
or related high-risk factors in patients is of utmost 
importance in the selection of clinical treatment strategy 
[4]. However, the relevant factors related to lymph node 
metastasis of RNENs have not been fully understood. 

Therefore, this study retrospectively analyzed the clinical 
data of 168 patients with RNENs. This study explored the 
risk factors affecting lymph node metastasis, in order to 
provide a strong basis for the treatment and prognosis of 
such patients.

Materials and methods

Research object
Overall, 168 patients with NENS who were treated 

in our hospital from January 2002 to January 2019 
were selected as the research objects. The inclusion 
criteria were: (1) Patients who underwent pathological 
as well as immunohistochemical examination and were 
histologically diagnosed with RNENS. (2) Patients who 
underwent radical resection. (3) Patients with initial 
diagnosis and treatment. The exclusion criteria were: 
(1) Endoscopic treatment or local anal resection. (2) 
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Concurrent severe liver, kidney, and lung damage 
or serious mental illness. (3) Concurrent benign and 
malignant tumors of the rectum. (4) Incomplete 
clinical or follow-up data. The demographic data, 
clinicopathological characteristics, and treatment plans 
of patients were collected through the electronic medical 
record system. Patient survival data was obtained from 
outpatient examination and follow-up via telephone. The 
median age of 168 patients with RNENs was 48 years, 
with a range of 20 to 78 years. There were 67 patients over 
50 years old, 101 patients under 50 years old, 108 male 
patients (%), and 60 male patients (%). Excluding two 
patients on different treatment plans, all other patients 
received radical rectal surgery, endoscopic resection, anal 
resection and somatostatin analogs. All patients received 
surgical treatment, and all patients had negative margins. 
According to the proliferative activity of the tumor, 
gastrointestinal, and pancreatic neuroendocrine tumors 
were classified as G1 (low-grade, mitotic image number 
1/10, high-power field or Ki-67 index ≤ 2%), G2 (medium-
grade, mitotic image number 2–20/10, high-power field 
or Ki-67 index 3%–20%), G3 (high-grade, mitotic image 
number > 20/10, high-power field or Ki-67 index > 20%).

Follow-up
All patients received regular follow-up, including 

physical examination. Tests were conducted to check 
whole blood cell count, and serum carcinoembryonic 
antigen (CEA) levels. When necessary, the patients 
underwent imaging examinations such as abdominal 
ultrasound and chest radiography. When recurrence was 
suspected, CT or MRI was performed.

statistical analysis
All data were analyzed using the SPSS20.0 software. 

The counting data were expressed as the frequency 
(example), and chi square test was used. A logistic 
multivariate model was used to analyze the risk factors 
of lymph node metastasis. Kaplan–Meier and log rank 
survival curves were used to compare the survival rates. 
Multivariate Cox regression analysis was used for survival 
analysis. Differences were considered significant at P < 
0.05.

Results

Clinicopathological features of patients
Among the 168 patients, 115, 18, 16, and 19 had stage 

I, II, Ш and IV RNENs, respectively. Tumor invasion 
reached the mucosa and submucosa (T1) in 128 patients. 
Tumors invaded the muscularis propria in 18 cases (T2), 
and the external muscularis in 22 cases. Grade G1, G2, 
and G3 was found in 124, 34, and 10 cases, respectively. 
The average tumor size was 1.28 ± 0.60 cm, of which 

132 cases were < 1 cm and 36 cases were greater than 
2 cm. Approximately 29 patients with functional tumors 
developed intermittent flushing and diarrhea, and 25 
patients had lymph node metastasis. The rate of lymph 
node metastasis was 14.9%. All patients received regular 
follow-ups. The average follow-up time was 38 months. 
The longest follow-up time was 138 months, and the 
shortest follow-up time was 3 months. 20 patients died, 
which accounted for 11.9% of all patients.

Single factor analysis of lymph 
node metastasis

Univariate analysis showed that age, tumor diameter, 
tumor function, grade, and T stage were correlated with 
lymph node metastasis (P < 0.05). Higher age, larger 
tumor diameter, higher functional tumor, grade, and T 
stage, were associated with higher risk of lymph node 
metastasis in patients with RNENs (Table 1). 

Multivariate analysis of lymph node metastasis
Multiple logistic regression analysis revealed that 

tumor size, grade, and T stage were independent risk 
factors for lymph node metastasis in patients with RNENs 
(Table 2).

Prognostic analysis of patients with different 
clinical characteristics

Among 168 patients, 25 succumbed to the disease. 
The overall survival rate was 85.1% (143/168). Kaplan–

Table 1 A univariate analysis of the affected lymph node metastasis 

Index n
Lymphatic metastasis 

χ2 PPositive
 (n=25)

Negative
 (n=143)

Gender 0.176 0.674
Female 108 17 91
Male 60 8 52

Age (years) 19.717 0.000
≤ 50 101 5 96
> 50 67 20 47

Tumor diameter (cm) 77.309 0.000
< 1 132 3 129
≥ 1 36 22 14

Functional tumor 4.467 0.035
Yes 29 8 21
No 139 17 122

WHO Grade 56.505 0.000
G1 124 7 117
G2 34 9 25
G3 10 9 1

T stage 85.859 0.000
T1 128 3 125
T2 18 5 13
> T2 22 17 5



188  http://otm.tjh.com.cn

Discussion

According to the surveillance, epidemiology, and 
end results (SEER) data, the incidence rate of RNENs 
increased from 1.09/10 million in 1973 to 5.25/10 million 
in 2004, with an incidence rate that increased every 
year. Studies in Taiwan and Japan show that the highest 
incidence of RNENs in Asian people is in the digestive 
tract. The incidence rate of  [5] is the highest. Surgery, 
which includes radical resection, endoscopic resection, 
or transanal resection, is the most important treatment 
for RNENs. It is believed that G1 grade early RNENs can 
be treated by endoscopic resection; however, once lymph 
node metastasis occurs, radical surgical resection should 
be performed [6]. Therefore, understanding the high-risk 
factors of lymph node metastasis will help clinicians to 
choose the best surgical method.

In this study, 25 of 168 patients had lymph node 

Meier analysis showed that the 5-year OS of patients 
with lymph node metastasis and without lymph node 
metastasis was 40.0% (10/25) and 93.0% (133/143) 
respectively. The difference between the two groups 
was statistically significant (χ2 = 29.64, P = 0.00), and the 
prognosis of RNEN patients with lymph node metastasis 
was significantly worse. Nevertheless, when the tumor 
diameter was large (χ2 = 22.75, P = 0.000), the grade was 
higher (χ2 = 121.70, P = 0.000; Fig. 1).

Cox univariate and multivariate analysis 
affecting the prognosis of patients

Cox univariate and multivariate analysis revealed that 
tumor diameter (HR = 1.985, P = 0.008), grade (HR = 3.416, 
P = 0.004), T stage (HR = 2.413, P = 0.014), and lymph 
node metastasis (HR = 3.119, P = 0.000) were independent 
risk factors affecting the prognosis of patients with RNEN 
(Table 3).

Fig. 1 Analysis of the prognosis of patients with different clinical characteristics

Table 2 Multivariate analysis affecting lymph node metastasis 

Index β SE Wald df P 95%CI

Gender 0.241 0.262 0.829 1 0.551 0.542–1.98
Tumor diameter 0.524 0.485 5.141 1 0.000 1.146–4.632
Functional tumor 0.498 0.362 1.256 1 0.412 1.035–3.791
Grade 0.320 0.208 14.965 1 0.000 1.369–2.216
T stage 0.265 0.277 14.846 1 0.000 1.965–2.470

Table 3 Cox univariate and multivariate analysis affecting patient outcomes

Items
Univariate analysis  Multiplicity analysis

HR 95%CI P HR 95%CI P

Gender 1.036 0.897–1.320 0.326 - - -
Age 1.130 0.964–1.254 0.489 - - -
Tumor diameter 2.512 1.820–3.336 0.013 1.985 1.316–2.765 0.008
functional tumor 1.236 0.874–1.521 0.117 - - -
Grade 3.154 2.870–3.461 0.005 3.416 2.794–3.852 0.004
T stage 2.203 1.754–2.965 0.032 2.413 1.978–3.021 0.014
Lymphatic metastasis 3.846 2.143–5.089 0.001 3.119 2.541–5.135 0.000
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metastasis, where the lymph node metastasis rate was 
14.9%. The 5-year survival rate with lymph node 
metastasis and without lymph node metastasis was 
40.0% (10/25) and 93.0% (133/143) respectively. The 
survival rate indicated that the prognosis of patients 
with RNENs complicated with lymph node metastasis 
was significantly poor. Hence, there is a necessity of 
preoperative lymph node metastasis status evaluation in 
treatment selection. The lymph node metastasis rates of 
G1, G2, and G3 tumors were 5.6%, 26.4%, and 90.0% 
respectively. Li et al. [7] found that the lymph node 
metastasis rates of G1, G2 and G3 patients were 2.92%, 
20.0%, and 66.67% respectively, which was similar to 
that in our results. In multivariate analysis, grade was 
an independent risk factor for lymph node metastasis. 
In addition, there was a significant difference in the rate 
of lymph node metastasis between G1 and G2 patients, 
which suggested that patients above G2 are more likely to 
have regional lymph node metastasis. The 5-year survival 
rates of patients with grade G1, G2, and G3 were 94.4%, 
79.9%, and 19%, respectively. The 5-year survival rate of 
patients with grade G2 or above was significantly lower 
than patients with grade G1. The survival rate indicated 
that the prognosis of patients with grade G2 or above is 
worse than patients with grade G1. The prognosis may 
be related to the higher risk of lymph node metastasis in 
patients with grade G2 or above.

The depth of tumor invasion is also a key factor affecting 
the prognosis of patients with RNEN [8]. Studies have shown 
that the depth of tumor invasion is a predictor of lymph 
node metastasis [9]. Shields et al. found that the 5-year 
survival rate of T1 and T2 differed by approximately 10% 

[10]. At present, it is believed that when the tumor invades 
the muscularis propria, the risk of lymph node metastasis 
is significantly increased. Furthermore, the prognosis is 
far worse than patients where tumor invasion is limited 
to submucosa. The lymph node metastasis rates of T1, T2, 
and above T2 were 2.3%, 27.8%, and 77.3% respectively. 
The depth of tumor invasion is an independent risk 
factor for lymph node metastasis of RNEN. When the 
tumor invades greater than T2, the risk of lymph node 
metastasis increases significantly, radical surgery should 
be performed in such cases.

This study presented that tumor size is also an important 
factor affecting the risk factors and prognosis of lymph 
node metastasis in RNEN. The European neuroendocrine 
tumor society guidelines suggest that when lymph node 
metastasis does not occur, endoscopic tumor resection 
or transanal resection can achieve the effect of radical 
surgery with good long-term survival [11]. The guidelines 
of the national comprehensive cancer network also 
suggest that when the lesion is less than 2 cm in diameter, 
endoscopic resection or anal resection is sufficient radical 
treatment [7]. However, Japanese scholars believe that 

when the tumor diameter is > 1 cm, radical surgery 
including lymph node dissection must be performed, as 
research has shown that RNEN with diameter > 1 cm 
have the same risk of lymph node metastasis as colorectal 
adenocarcinoma [12]. Further studies have reported that 
the lymph node metastasis rates of tumors with diameter 
> 2 cm and 1.0–2.0 cm are 50% and 23.5% respectively. 
Moreover, the lymph node metastasis rate of tumors with 
a diameter <1 cm is less than 2% [13], which indicated that 
the lymph node metastasis rate of tumors with a diameter 
<1 cm is very low. Hence, for tumors with a diameter <1 
cm, endoscopic resection, or anal resection is satisfactory. 
In addition, tumors with a diameter > 2 cm should 
undergo radical surgery, such as anterior rectal resection 
or abdominal resection. Nonetheless, the optimal criteria 
to decide on the surgical procedure when the tumor 
diameter is between 1-2 cm remains unclear. In this study, 
tumor size was an independent risk factor for lymph node 
metastasis. There was a significant difference in the rate 
of lymph node metastasis between patients with tumor 
diameter < 1 cm and patients with tumor diameter of 1–2 
cm. Patients with tumor diameter of 1 = 2 cm or > 2 cm 
are more likely to have regional lymph node metastasis. 
Thus, taking the research mentioned above into account, 
we postulate that patients with tumor diameter > 2 cm 
require radical surgery. Nevertheless, tumors with a 
diameter of 1–2 cm require careful treatment. Our study 
showed that 11 patients with lymph node metastasis and 
tumor diameter of 1–2 cm had tumor infiltration to T2 or 
deeper or grade G2 or G3. The data from these 11 patients 
suggested that other high-risk factors, such as tumor 
infiltration depth or grade, should be considered before 
surgery. Therefore, according to our results, we suggest 
that when the tumor diameter is 1–2 cm, has invaded T2 
or deeper, or when it is grade G2 or G3 at the same time, 
radical surgery should be performed.

In conclusion, this study found that tumor size, grade 
and depth of tumor invasion were independent risk factors 
for lymph node metastasis of RNENs. When the depth of 
tumor invasion reaches beyond the muscularis propria, 
the tumor is classified as grade G2 or G3. Additionally, 
when the diameter is > 2 cm, the risk of lymph node 
metastasis increases significantly. In such cases, radical 
surgery is recommended. However, this study has some 
limitations which should be considered: (1) this study 
was a retrospective study, where the timespan for patient 
selection was large, which inevitably led to a certain 
sample bias. (2) The sample size is small. (3) This study is a 
descriptive report where all the patients received surgical 
treatment. Additionally, there was a lack of control group 
without surgical intervention.
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Objective The aim of the study was to determine the association of urinary levels of estradiol (E2) and 
2-methoxyestradiol (2-MeOE2) with the occurrence and development of endometrial cancer.
Methods In this case-control study, 24-h urine specimens were collected from 28 postmenopausal 
patients with endometrial cancer and 28 postmenopausal healthy female controls. The concentration of 
2-MeOE2 was determined using liquid chromatography-mass spectrometry with hollow fiber liquid-phase 
microextraction. The concentration of E2 was determined using an enzyme-linked immunosorbent assay.
Results Estrogen levels were different between the patients with endometrial cancer and controls. The 
relative quantity of E2 in the case group was higher than that in the control group (P < 0.05), whereas that of 
2-MeOE2 was lower in the case group than that in the control group (P < 0.05). The ratio of E2-to-2-MeOE2 
in the case group was significantly higher than that in the control group (P < 0.05).
Conclusion The results of this study indicate an imbalance of estrogen metabolites in endometrial 
carcinogenesis. Reduced 2-MeOE2 levels and elevated E2-to-2-MeOE2 ratio may be used as potential 
biomarkers for the risk assessment of estrogen-induced endometrial cancer.
Key words: endometrial cancer; 2-methoxyestradiol (2-MeOE2); estradiol (E2); urine; high-performance 
liquid chromatography-mass spectrometry (HPLC-MS)
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Abstract

Endometrial cancer is estrogen-dependent. It is 
believed that exposure to estrogens in the absence 
of progesterone increases the risk of developing 
endometrial cancer [1]. Estradiol (E2) is a sex hormone 
with strong biological activity, valuable in diagnosing 
and discriminating endocrine and gynecologic diseases. 
Estrogen metabolites are closely related to the occurrence 
and development of tumors [2]. An important metabolite 
of E2, 2-methoxyestradiol (2-MeOE2), is produced by 
cytochrome P450 1B1 and catechol-O-methyltransferase 
(COMT) [3]. During the last decade, 2-MeOE2 has received 
considerable attention owing to its anticancer activity. 
Phase I and II clinical trials have revealed that orally 
administered 2-MeOE2 is well tolerated by patients 
with grade 2 and grade 3 toxicities [4–7]. It is believed that 
2-MeOE2 acts directly on tumor growth by reducing 

cell proliferation, inducing apoptosis, and inhibiting 
angiogenesis [8]. A previous study has shown that 2-MeOE2 
inhibited the growth of endometrial cancer cells by 
inducing apoptosis and cell cycle arrest [9]. Therefore, 
it would be interesting to elucidate the mechanism of 
action of 2-MeOE2.

 Quantitative measurement of endogenous 2-MeOE2 
may play an important role in elucidating the 
mechanism underlying endometrial carcinogenesis; 
however, the low content of 2-MeOE2 in the human 
body limits its measurement. Current methods for 
measuring endogenous catechol estrogens involve 
radioimmunoassay [10], enzyme immunoassay [11], high-
performance liquid chromatography (HPLC) [12], liquid 
chromatography coupled with mass spectrometry [13], 
and gas chromatography-mass spectrometry [14]; however, 
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there are no inexpensive and convenient methods to 
measure 2-MeOE2 levels. This study used hollow fiber 
liquid-phase microextraction (HF-LPME) and high-
performance liquid chromatography-mass spectrometry 
(HPLC-MS) to improve sensitivity.

Materials and methods

Reagents and materials
The analytical reference 2-MeOE2 was purchased 

from Sigma-Aldrich (Beijing, China). Ethinyl estradiol 
(IS) with a purity > 98% was obtained from the National 
Institute for Control of Pharmaceutical and Biological 
Products (Beijing, China). HPLC-grade methanol (Fisher, 
Pittsburgh, PA, USA) was used for the HPLC analysis 
and urine sample preparation. Analytic-grade n-octyl 
alcohol (Tianjin Heng Xing Corporation, Hebei, China) 
was used to prepare urine extracts. A polyvinylidene 
difluoride (PVDF; Foshan, Guangzhou, China) hollow 
fiber membrane was used for HF-LPME. An Agilent 1200 
liquid chromatography system (Agilent, Santa Clara, CA, 
USA) was used for all the analyses. An enzyme-linked 
immunosorbent assay (ELISA) kit for E2 was purchased 
from Shanghai BlueGene Biotech Co., Ltd. (Shanghai, 
China).

Urine sample collection
This hospital-based case-control study of endometrial 

cancer was conducted at the Fourth Hospital of Hebei 
Medical University (Hebei, China). The study patients 
had newly diagnosed endometrial adenocarcinoma, 
which was confirmed by pathological examination 
postoperatively. Twenty-eight patients with endometrial 
cancer (45–74 years of age) were included in the study. 
Patients who received medical treatment 3 months before 
study enrollment and those with a history of cigarette 
smoking were excluded. Twenty-eight healthy women 
(46–65 years old) were included as controls. Healthy 
women underwent complete examinations, including 
ultrasonic examination of the liver, kidney, abdomen, and 
uterus at the Fourth Hospital of Hebei Medical University 
(Hebei, China). Serum tumor markers were negative in 
healthy women. All studies were conducted according 
to the protocols approved by the Ethics Committee of 
the Fourth Hospital of Hebei Medical University (Hebei, 
China). Informed consent was obtained from all the 
patients and healthy controls.

Twenty-four-hour urine samples were collected in 
1-L bottles containing 1 g of ascorbic acid to prevent 
oxidation. None of the women received exogenous 
estrogens. The urine volume was recorded immediately 
after collection. Aliquots of urines were stored at −20 °C 
until analysis.

Instruments and chromatographic and mass 
spectrometry conditions 

All chromatographic analyses were performed 
using an Agilent 1200 liquid chromatography system. 
Chromatographic separation was performed on a Kromasil 
C18 column [150 mm × 4.6 mm (I.D.), particle size: 5 mm; 
Agilent]. The column temperature was maintained at 25 
°C. Chromatographic separation was achieved isocratically 
using a mobile phase [water and methanol (8:92), v/v] 
supplemented with 0.1% acetic acid. The flow rate was 
set at 1 mL/min, and the injection volume was 10 µL. 
The total analysis time was 7 min for each run. Detection 
was performed using a 3200 QTRAPTM system (Applied 
Biosystems, Foster City, CA, USA) with a hybrid triple 
quadrupole linear ion trap mass spectrometer equipped 
with Turbo V sources and Turbo Ionspray interface. The 
instrument was operated using an electrospray ionization 
source in positive mode. Multiple reaction monitoring 
mode was used for quantification (Fig. 1). All instruments 
were controlled and synchronized using the Analyst 

Fig. 1 Mass-spectrogram of 2-MeOE2. (a) Control; (b) Artificial human 
urine; (c) Urine of patients with endometrial cancer
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Results

Linearity, LOD, LOQ, and recovery
The linear range was 1.714–685.2 pg/mL, with a 

correlation coefficient of 0.996 using a weighted linear 
regression method. The calibration equation was as 
follows: A = 1.91 C + 2.91, where C is the concentration 
of 2-MeOE2 (pg/mL). The SD of the slope and intercept 
were 0.0009 and 0.0004, respectively. The limits of 
quantification (LOQ) and limits of detection (LOD), 
defined as signal-to-noise ratios (S/N) of 10 and 3, 
respectively, were separately determined by five-fold 
replicate analysis. The LOD and LOQ were 0.14 pg/mL 
and 1.4 pg/mL, respectively.

Intra- and inter-day precision and stability
Table 1 presents the results of the accuracy and recovery 

of the proposed method. We measured the intra- and 
inter-day precision at various concentrations to assess the 
repeatability and reproducibility of the newly developed 
method. The relative standard deviations (RSD) of the 
intra-day precision of the three concentrations were 
8.4%, 6.5%, and 7.2%, respectively (Table 1). Moreover, 
we evaluated the inter-day precision of the method by 
assessing sample concentrations at high, middle, and low 
linearity ranges over 6 consecutive days. The RSD values 
of the inter-day precision were 6.2%, 4.8%, and 5.6%, 
respectively (Table 1).

To evaluate freeze-thaw stability, samples were 
subjected to freezing for 24 h at –20 °C and thawed at 
room temperature (25–28 °C) for three cycles. The 
stability at freezing was assessed by storing the samples at 
–20 °C for 48 h, whereas the stability at room temperature 
(25–28 °C) was assessed by placing the samples at room 
temperature (25–28 °C) for 6 h. All RSD values for sample 
stability were < 7.8%.

Analysis of human urine samples (Table 2)
Concentrations of E2 and 2-MeOE2 in human urine
The distributions of E2 and 2-MeOE2 concentrations 

were abnormal. The median E2 concentration in the case 
group was 3.38 ng/mL, whereas that in the control group 
was 2.34 ng/mL. The median 2-MeOE2 levels in the case 
and control groups were 3.38 pg/mL and 9.85 pg/mL, 
respectively.

software (version 1.4.2; Applied Biosystems/MDS Sciex, 
Beijing, China).

Hydrolysis, extraction, and derivatization 
procedure

Because 2-MeOE2 is mostly present in urine as 
glucuronide conjugate and small amounts of sulfate 
conjugate, a hydrolysis step was included. To a 140-mL 
aliquot of urine, 5.6 g of NaOH was added, followed by 
boiling for 10 min and centrifugation at 450 × g for 10 
min. The precipitate was discarded, and concentrated 
hydrochloric acid was added to acidify the residual 
solution (pH 3.0). The residual solution was then diluted 
with water to a final volume of 140 mL.

The optimization procedure was conducted using 20 ng/
mL of standard solutions. Extraction and preconcentration 
procedures were performed as previously described. At 
the end of the extraction, the hollow fiber extraction 
device was removed from the bottle, all sealed ends were 
carefully cut, and the organic acceptor phase solvent was 
carefully withdrawn into the microsyringe. Subsequently, 
100 μL of methanol was slowly flushed through the lumen 
to simultaneously transfer analytes in the acceptor and 
membrane phases into a clean and dry polytef insert tube. 
The entire elution solution was evaporated to dryness at 
90 °C under nitrogen gas.

Sodium bicarbonate buffer (100 μL, pH 9.0) and 100 
μL of dansyl chloride solution (1 mg/mL in acetone) were 
added to the dried samples. After vortexing, the sample 
was heated at 60 °C for 5 min to form 2-MeOE2 and dansyl 
chloride derivatives, respectively.

Ethinyl 2-MeOE2 was dissolved in HPLC-grade 
methanol to produce an IS solution at a concentration of 
143 pg/mL. To validate the method, three concentrations 
of the standard solution added to 2-MeOE2 (10, 100, and 
400 pg/mL) were used to prepare control urine samples.

Determination of E2 using ELISA
The concentration of E2 was measured using a 

microplate reader (VersaMax, Shanghai, China), 
according to the manufacturer’s instructions. A standard 
curve was established to calculate E2 concentrations in 
the samples.

Statistical analysis
Statistical analysis was performed using the SPSS 13.0 

software package (SPSS Inc., Chicago, IL, USA). The 
results are expressed as medians. A comparison of the two 
groups was performed using a non-parametric test when 
the variance was uneven. Statistical significance was set 
at P < 0.05.

Table 1 Results of recovery rate and precision of the method (n = 6)
Concentration 
(pg/mL)

Relative recovery 
(%)

Inter-day RSD  
(%)

Intra-day RSD 
(%)

13.7 90.4 6.2 8.4
137.0 98.9 4.8 6.5
685.6 95.2 5.6 7.2
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Levels of E2 and 2-MeOE2 at 24 h
The distributions of E2 and 2-MeOE2 levels at 24 h were 

abnormal. The median E2 levels at 24 h in the case and 
control groups were 4.40 mg and 2.70 mg, respectively. 
The median 2-MeOE2 levels in the case and control 
groups were 6.77 ng and 12.01 ng, respectively.

Comparison of E2/2-MeOE2 in patients and controls
2-MeOE2 is a product of E2 hydroxylation and 

methylation. The E2/2-MeOE2 ratio at 24 h was calculated. 
The E2/2-MeOE2 ratio at 24 h was abnormal. The E2/2-
MeOE2 ratio was significantly higher in the case group 
(9.91) than that in the control group (2.31; P < 0.05).

Discussion

Urinalysis is widely used clinically because it is a 
simple procedure that provides critical information 
about disease processes and facilitates disease diagnosis, 
treatment, and prognosis. Although the urinary levels of 
25 androgens and corticoids and 16 estrogens have been 
quantitatively determined using gas chromatography-
mass spectrometry-selected ion monitoring [15], the 
measurement of 2-MeOE2 concentration remains 
unresolved. We used HF-LPME and HPLC-MS to 
successfully measure 2-MeOE2 levels. This method is 
simple, effective, and sufficient to determine 2-MeOE2 

levels in humans.
The exact endogenous 2-MeOE2 concentrations in 

tissues are unknown, and the serum concentrations of 
2-MeOE2 are frequently reported in combination with 
2-methoxyestrone. The reported plasma concentrations 
of 2-MeOE2 in men, non-pregnant women, and pregnant 
women are 10–35 pg/mL, 18–138 pg/mL, and 216–10 690 
pg/mL, respectively [16–17]. Recently, an analytical method 
developed to detect different methoxyestrogens reported 
the total concentration of 2-MeOE2 in the serum to be 
(10.6 ± 7.91) pg/mL, and (2.5 ± 0.57) pg/mL in the luteal 
and follicular phases in pre- and postmenopausal women, 
respectively [18]. The concentration of the unconjugated 
form of 2-MeOE2 was approximately half of the above 
values. In this study, the concentration of 2-MeOE2 was 
measured in urine. The median 2-MeOE2 level was 9.08 
pg/mL in the control group, which is similar to the serum 
level reported previously. 

2-MeOE2 is endogenously formed from estradiol and 
has been reported to be a potent antiangiogenic and 
antitumor agent [19]. Regarding in vitro antiproliferative 
properties, the majority of 60 cell lines from human 
tumor cell lines are sensitive to 2-MeOE2 with inhibitory 
concentrations between 0.08 and 5.0 μM [20]. The median 
2-MeOE2 concentration in the case group was 6.77 pg/
mL, which was significantly lower than that of the 
control group. To exclude the influence of urine volume, 
2-MeOE2 levels at 24 h were compared. Thus, the 
reduction in 2-MeOE2 was associated with a reduction 
in anticancer activity, which can be explained by the 
change in COMT.

Many tissues can actively produce 2-MeOE2 because 
COMT is a ubiquitous enzyme found in different organs, 
such as the liver, kidney, intestine, stomach, spleen, brain, 
pancreas, and lungs [21]. Both COMT protein expression 
and activity are reduced in endometrial cancer tissues 

[22]. It is reasonable to assume that a decrease in 2-MeOE2 
levels is a risk factor for endometrial cancer.

The level of E2 was measured using ELISA. E2 is also 
associated with the occurrence of endometrial cancer [23]. 
Thus, the relative quantity of E2 in the case group was 
significantly higher than that in the control group (P 
< 0.05). The E2/2-MeOE2 ratio in the case group (9.91) 
was significantly higher than that in the control group 
(2.31; P < 0.05). E2 can induce endometrial cancer, 
whereas 2-MeOE2 acts against endometrial cancer. Thus, 
the E2/2-MeOE2 ratio could be used as an indicator to 
identify patients with endometrial cancer in a high-risk 
population.
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Objective To assesse the outcomes of one-stage limb reconstruction after removal of skin cancers defect.
Methods This prospective study was conducted from September 2017 to January 2020 and included 
15 patients. All patients underwent extensive tumor resection and one-stage Pelnac® reconstruction of 
large skin defects, and regular postoperative follow-up was scheduled. At the 6-month follow-up, tumor 
recurrence and scar quality was assessed using the Vancouver Scar Scale (VSS). None of the patients 
exhibited infection, wound necrosis, hematoma, seroma, or recurrence.
Results All the skin grafts were well accepted by the patients. Nine patients reported normal or near-
normal sensory function, while six reported slight sensory loss. No cases of significant functional loss 
were observed. We enrolled 10 men and 5 women with a mean age of 63.9 years (range: 46–78 years). 
The mean follow-up duration was 20.6 months (range: 12–36 months). The skin tumors were located on 
the feet (n = 4), forearms (n = 3), and legs (n = 8). The malignant tumors included malignant melanomas 
(13.3%), basal cell carcinomas (33.3%), and squamous cell carcinomas (53.3%). The mean operative time 
was 40.7 min. Two patients underwent radiotherapy. The average length of hospital stay was 2.6 days. The 
mean skin defect area was 33.2 cm2 (range: 16.6–51.6 cm2). The patient satisfaction score (regarding the 
aesthetic appearance of the grafted area) was 79.7/100, and the VSS score was 3.8.
Conclusion Pelnac® dermal templates facilitate efficient and reliable reconstruction of skin defects after 
skin cancer resection.
Key words: skin cancer; Pelnac®; large-scale skin reconstruction
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Abstract

Large-scale skin reconstruction after major tumor 
resection is challenging for both orthopedic and 
plastic surgeons [1–3]. Unlike traumatic tissue loss, the 
defect area may be large, and the muscle, tendon, and 
periosteal tissues may have to be removed. In addition, 
the risk of tumor recurrence and likely subsequent 
therapy (adjuvant or neoadjuvant radiation) must be 
considered prior to surgery [3]. Treating cancer-related 
tissue defects is critically important for functional and 
aesthetic rehabilitation, elimination of scar contractures, 
and prevention of severe disability. The surgeon must 
consider the patient’s age and general status, skin defect 
area, planned adjuvant treatment, comorbidities (such as 

diabetes or infection), and cosmesis [4]. This is especially 
important in older patients with locally advanced cancers, 
systemic diseases, or a history of skin tumor recurrence. 
Skin grafts or free flaps have traditionally been used 
to cover large soft tissue defects after oncological 
demolition [5–6]. Conventional flaps include muscular, 
myofascial, myocutaneous, and fasciocutaneous flaps [7–10]. 
However, these are associated with donor site morbidity, 
unreliability, and extended operating times [11]. Flap 
surgery is frequently difficult in older patients, those with 
systemic diseases and/or limited donor sites, and those 
undergoing adjuvant or neoadjuvant radiation therapy 

[12, 13]. Short operating time, brief hospitalization, and low 
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complication rates are important. Artificial dermis is an 
effective and reliable alternative with few complications 
when the use of traditional skin grafts or free flaps 
are restricted. The artificial dermis has been used for 
various surgical reconstructions for over two decades [14]. 
However, few reports on the use of the dermis for the 
one-stage reconstruction of complex cancer-related soft 
tissue defects have been reported. 

This prospective study enrolled 15 patients with full-
thickness defects and exposed bones or tendons (i.e., 
wide and deep wounds) who underwent one-stage full-
skin reconstruction using an artificial dermis (Pelnac®; 
Gunze, Kyoto, Japan). We evaluated the efficacy, safety, 
and aesthetic outcomes.

Patients and methods

This prospective study was conducted between 
September 2017 and January 2020. The inclusion 
criterion was wound defects after enlarged skin resection. 
Early tumors (stages I and II) are the best candidates for 
a one-stage procedure. Advanced cases requiring more 
extensive surgery and a more complicated tumor-related 
treatment schedule, which will significantly delay the 
healing process, are not suitable for this treatment. The 
exclusion criteria were diabetes, heavy smoking, infected 
wound, and poor compliance, all of which affect wound 
healing. This study was approved by the ethics committee 
of Tongji Medical College, Huazhong University of 
Science and Technology, China. Informed consent was 
obtained from all the patients. The China Food and 
Drug Administration has approved the artificial dermis, 
Pelnac®, for clinical use.

Data were collected for 15 patients who underwent 
skin cancer enlarged resection and one-stage large 
skin reconstruction using an artificial dermal matrix, 

including their age, sex, and wound area (Table 1). None 
of the patients were lost to follow-up. There were 10 men 
and 5 women, with a mean age of 63.9 (range: 46–78, std: 
10.4) years. The malignant tumors included malignant 
melanoma (13.3%), basal cell carcinoma (53.3%), and 
squamous cell carcinoma (33.3%). The mean area of skin 
loss was 33.2 (range: 16.6–51.6, std: 9.9) cm2.

All operations were performed in a standard sterile 
environment. The first stage involved extensive tumor 
resection according to recognized guidelines. If the bone 
was exposed, Kirschner wires were used to create small 
holes on the bony surface to induce punctate bleeding. If 
the skin cancer had infiltrated the bone, osteotomy was 
performed to access the bleeding points. The second stage 
involved the application of an artificial dermis (Pelnac®), 
which was used to cover the wounds following the 
manufacturer’s protocol. After immersion in saline for 
15 s, the Pelnac® template was trimmed to the shape and 
size of the wound to achieve tension-free closure. Next, 
the Pelnac® template was sutured to the surrounding 
skin using 4/0 Prolene sutures. Small drainage holes 
were created in the outer layer to facilitate exudation. 
The Pelnac® template was inspected every 2–3 days. 
At approximately 3–4 weeks, based on the wound area 
and depth, new vascularized skin usually formed, so the 
outer layer of the Pelnac® template could be peeled off. 
The type of tumor, size of the wound defect, length of 
hospitalization, operative time, healing time, and surgical 
complications were recorded (Table 2).

During the follow-up (minimum 12 months), patient 
satisfaction with appearance was rated on a 100-point 
scale, with normal skin as the reference. Scar quality 
was evaluated using the Vancouver Scar Scale (VSS), 
which includes four items (pigmentation, pliability, 
vascularity, and height) [15]. Higher scores indicate more 
severe scarring. Sensory recovery was evaluated based 

Table 1 Postoperative data collected 

ID Age (years) Sex Wound side
Subjective satisfaction with the 

aesthetic appearance
Sensation (A: near normal;B: 
slight loss;C: significant loss)

The vancouver Scar 
Scale value

1 46 F Foot 90 A 2
2 49 M Leg 85 A 3
3 56 M Forearm 85 A 3
4 65 M Leg 80 B 4
5 78 F Foot 80 A 4
6 67 M Forearm 85 B 4
7 69 F Leg 75 A 3
8 51 M Leg 80 A 3
9 55 M Foot 90 A 4
10 76 M Forearm 75 B 3
11 68 F Leg 80 A 4
12 76 M Leg 75 B 5
13 74 M Foot 70 B 5
14 67 F Leg 65 B 6
15 61 M Leg 80 A 4
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30–59, std: 7.7) min. The average length of hospital stay 
was 2.6 (range: 2–4, std: 0.6). The mean healing time was 
37.5 (range: 28–56, std: 7.8) days. The mean VSS score was 
3.8 (range: 2–6, std: 1.0), indicating satisfactory cosmetic 
results (flat, pliable graft with normal pigmentation and 
vascularization not fixed to the underlying bone) in all 
patients.

Discussion

Larger soft tissue defects often require split-thickness 
skin grafts or local, regional, or fasciocutaneous flaps [16–17]. 
Autologous skin flaps remain the major reconstruction 
option for large, full-thickness soft tissue defects [9, 

18]. Pelnac® (Gunze, Kyoto, Japan), first described by 
Suzuki et al. [19], is an acellular bilayer dermal substitute 
derived from collagen. The lower layer is a porous, three-
dimensional atelocollagen matrix that serves as a scaffold 
supporting epidermal cell growth, and the upper layer is 
made of semipermeable silicone and serves as a temporary 
epidermis that protects against infection and mechanical 
trauma [20–21]. The dermal matrix of porcine type I 
collagen is nearly identical to that of human collagen; 
it is not perceived as an antigen, and the rejection rate 
is low [22]. The dermal collagen matrix is gradually 
replaced by endogenous collagen during healing, and 
a new vascularized skin usually forms. Replacement 
occurs gradually according to wound size, depth, 
and radiotherapy status. Prolonged and complicated 
procedures can compromise wound healing. In all of our 
patients, Pelnac® successfully covered complex wounds 
with exposed bones or tendons. The cosmetic results 
were good, and all outcomes were satisfactory.

Pelnac® has been used to treat traumatic wounds 

on patient responses as “normal or near-normal,” “slight 
loss,” “significant loss,” or “complete loss” compared with 
the contralateral uninjured area or the normal tissue next 
to the wound (Table 2).

Results

The average follow-up period was 20.6 (range: 12–36, 
std: 7.9) months. The average time from placing the 
Pelnac® template to recovery was 37.5 (range: 28–56, std: 
7.8) days. No infections, hematomas, or seromas were 
observed in any patient during the Pelnac® phase. Only 
one patient who received adjuvant radiation therapy 
experienced mild neodermal ulceration that healed 
spontaneously without any residual deficit. All the skin 
grafts were obtained. No tumor recurrence was observed. 
Patient satisfaction and VSS scores were assessed by 
a surgeon who was not involved in the treatment. The 
average patient satisfaction score for the aesthetic 
appearance of the grafted area was 79.7 (range: 65–90, 
std: 7.2), while the average VSS score was 3.8 (range: 2–6, 
std: 1.0). Nine patients reported normal or near-normal 
sensory function, six reported slight sensory loss, and 
none reported significant loss (Table 2). The clinical case 
is shown in Fig. 1.

The patients included 10 (66.7%) men and 5 (33.3%) 
women. The mean patient age was 63.9 (range: 46–78, std: 
10.4) years. The mean follow-up period was 20.6 (range: 
12–36, std: 7.9) months. The tumors included malignant 
melanomas (13.3%), basal cell carcinomas (53.3%), and 
squamous cell carcinomas (33.3%). The tumor sites were 
the legs (n = 8), forearms (n = 3), and feet (n = 4). 

The mean area of skin loss was 33.2 (range: 16.6–51.6, 
std: 9.9) cm2. The mean operating time was 40.7 (range: 

Table 2 Preoperative clinical data of the patients 

ID Tumor type Skin loss (cm2) Operation time (min.) Length of 
hospitalization (days) Healing time (days) Complication Follow -up (months)

1 BC 16.6 30 1+1 28 No 12
2 BC 24.4 32 1+1 35 No 12
3 BC 28.6 35 1+1 36 No 15
4 SC 36.0 40 1+2 42 No 24
5 MM 32.5 41 1+1 32 No 24
6 SC 40.4 45 1+2 45 No 36
7 SC 28.8 38 1+1 30 No 12
8 BC 30.1 40 1+2 33 No 18
9 BC 19.6 31 1+1 28 No 12
10 BC 37.9 42 1+2 36 No 24
11 BC 27.0 41 1+1 32 No 18
12 SC 42.5 48 1+2 45 No 24
13 MM 48.4 50 1+2 45 No 24
14 SC 51.6 59 1+3 56 Mild neodermal ulceration 36
15 BC 34.2 39 1+2 39 No 18
BC, basal cell carcinoma; SC, squamous cell carcinoma; MM, malignant melanoma
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and burn scars, including wounds created by removing 
giant nevi and ulcer repair [14, 23–29]. However, no study 
has evaluated one-stage application after large tumor 
resection. The application is simple, and it is possible to 
cover large defects. Moreover, no donor site morbidity 
was observed. The major disadvantage is that the healing 
time is longer than that after placement of traditional 
autologous skin flaps for large and deep wound [18, 30–31]. 
However, we found that Pelnac® was effective, providing 
durable coverage via a simple and well-tolerated 
procedure without donor site morbidity. In addition, 
early detection of local tumor recurrence is possible, 
and unlike autologous skin flaps, Pelnac® preserves 
the original surgical margins. Thus, the wound can be 
temporarily closed, resulting in pathological results [32]. 
Using an artificial dermis does not preclude skin graft 
placement if one-step surgery is insufficient. A high-
quality surgical bed is essential for the vascularization of 
the artificial dermis. In six (40%) of our patients, Pelnac® 
was applied directly to the bone, with satisfactory results. 
As some studies have found that Pelnac® triggered 
peripheral neoangiogenesis in the dermal matrix of an 
avascular wound bed [26], we used a Kirschner wire to 
drill the bony surface and induce punctate bleeding. This 
improved the reliability and efficiency of the simple and 
safe operation.

Although the results are encouraging, caution is 
needed when wounds are infected,  treating patients with 
diabetes, heavy smokers, patients receiving radiotherapy, 
and those on long-term glucocorticoids. Two of our 
patients received radiation after surgery; one exhibited 
mild new-onset skin necrosis that healed spontaneously 
without residual deficits. The dermal substitute provided 

excellent support, and the new skin was pliable and 
aesthetically acceptable.

Conclusion  
Reconstruction of a large area of skin after cancer 

resection remains challenging. To our knowledge, this is 
the first report to evaluate one-stage Pelnac® reconstruction 
of complex wounds following cancer resection. Although 
auto skin grafting is a reliable reconstruction method, it 
is invasive, may cause complications in the donor area, 
and may be associated with aesthetic complications and 
a high failure rate. In our clinical series, the application 
of Pelnac® resulted in satisfactory cosmetic outcomes 
with low morbidity, few complications, and good patient 
satisfaction. We believe that this artificial dermis is a 
reliable alternative for reconstructing complex wounds 
after cancer resection. Further research with histological 
evidence and an increased number of cases is needed to 
strengthen these findings.
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An 83-year-old Chinese woman presented with a 3-month history of dysphagia. She also had a history 
of hypertension, type 2 diabetes, fundus hemorrhage, and cataract but no history of cutaneous, ocular, 
or other-site melanomas. Upper gastrointestinal tract angiography revealed gastritis and duodenal 
diverticulum; thus, an endoscopic review was recommended. Enhanced computed tomography of the 
chest and upper abdomen revealed the following: (1) Esophageal space-occupying lesions and mediastinal 
lymph node enlargement (considering the high possibility of esophageal cancer, further endoscopy was 
recommended) and (2) A small amount of right pleural effusion, with no significant lymph node infiltration 
or distant metastasis. Esophagoscopy identified a bulge mass blocking the esophagus from 23 to 30 cm 
from the incisors. The upper mass had a spherical clustering, while the lower mass significantly festered. 
Pathological biopsy samples were obtained from the esophagus 23 and 28 cm from the incisors. Tissue 
biopsy showed proliferation of large round tumor cells and melanocytes. Immunohistochemistry showed 
positive findings for HMB45 and MelanA; partially positive findings for S100, CK7, CK5/6, CAM5.2, LCA, 
P63, and TTF-1; and negative findings for Syn. The Ki-67 positivity index was approximately 60%. Based on 
these findings, the patient was diagnosed with malignant esophageal melanoma with enlarged mediastinal 
lymph nodes. She was then treated with five cycles of camrelizumab therapy combined with chemotherapy 
from October 18, 2019, to May 5, 2020. Gastroscopy review following two courses of combination therapy 
revealed that the esophagus was 23–25 cm away from the incisors, and there were two continuous uplifted 
and beaded masses that had a smooth and black surface, with each of them having a length and diameter 
of approximately 1 cm. Melanosis of the mucosa around the lumen was observed at 40 cm from the incisors 
to the cardia; the dentate margin was clear; and the cardia had no stenosis. The patient then received five 
courses of combination therapy and became consistently stable after partial remission. No severe adverse 
events related to the immunotherapy were recorded. Camrelizumab may be a viable treatment option for 
patients with PMME. Additional evidence from future clinical trials and research is necessary to fully validate 
our findings.
Key words: primary malignant melanoma of the esophagus; PD-1 mAb; camrelizumab; immunotherapy
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Abstract

Melanoma is the fifth most common cancer in the 
United States and accounts for 5.6% of newly diagnosed 
cancers [1]. It is characterized by uncontrolled proliferation 
of melanocytes mainly found in the epidermis and 
constitutes 91.2% of all melanomas [2]. The non-cutaneous 
forms of primary melanoma include ocular and mucosal 
lesions and represent 5.2% and 1.3% of all melanomas, 

respectively [2–3]. The mucosal subtypes arise most 
commonly in the head and neck and far less commonly in 
the gastrointestinal and urogenital tracts [2]. In particular, 
primary esophageal melanoma is exceedingly rare and 
accounts for 0.5% of newly identified primary melanomas 
[4]. Primary malignant melanoma of the esophagus 
(PMME) is a much extremely rare disease accounting for 
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0.1%–0.2% of all malignant esophageal tumors and 
0.5% of all non-cutaneous melanomas [5–6]. It is highly 
aggressive with a high potential for metastasis. Almost 
half of patients with PMME have distant metastasis 
upon diagnosis, and the 5-year survival rate is between 
2.2% and 37.5% [7–10]. The diagnosis of PMME should be 
based on the combination of morphological examination, 
pathological examination, and immunohistochemistry 
findings [8]. The main treatment remains to be radical 
resection of the tumor. However, the optimal adjuvant 
therapies for PMME have not yet been established [8]. 
Patients with PMME tend to have a poorer response to 
chemotherapies than do those with other melanomas, 
and previous studies have indicated that the currently 
available treatment is insufficient. The clinicopathological 
characteristics of PMME have been rarely reported, and 
no comprehensive treatment strategy has been established 
because of the lack of cases and strong evidence. 
Recently, immunotherapy has been the preferred choice 
for unresectable or metastatic melanomas, and as a result, 
the prognosis of patients with cutaneous metastatic 
melanoma has improved. Camrelizumab is a fully 
humanized IgG4 programmed death 1 (PD-1) immune 
checkpoint inhibitor antibody. It has been shown to yield 
a more favorable survival benefit in previously untreated 
patients with metastatic melanoma not harboring a BRAF/
C-KIT/NRAS mutation [11]. Herein, we report the case of 
an elderly patient with PMME and multiple mediastinal 
lymph node enlargement who was successfully treated 
with camrelizumab without recurrence.

Case presentation

An 81-year-old Chinese woman visited the Zhengzhou 
Puyang People’s Hospital on September 10, 2019 and 
presented with a 1-month history of dysphagia and 
consequently, weight loss. She also had a history of 
type 2 diabetes for 20 years, fundus hemorrhage and 
cataract for many years, and hypertension for 10 years 
but no family or medical history of other-site melanomas. 
On October 1, 2019, the patient visited the Liaocheng 
People’s Hospital. Considering the presence of esophageal 
occupancy, gastritis, and duodenal diverticulum based on 
the upper gastrointestinal tract angiography findings, 
an endoscopic review was recommended. Enhanced 
computed tomography (CT) of the chest and upper 
abdomen (Fig. 1) conducted on October 8, 2019 upon 
visit to the Affiliated Qingdao Hiser Hospital of Qingdao 
University revealed the following: (1) esophageal 
space-occupying lesions and mediastinal lymph node 
enlargement (considering the possibility of esophageal 
cancer, further endoscopy was recommended) and (2) a 
small amount of right pleural effusion. Gastroscopy (Fig. 
2) revealed that the esophagus was 23 cm from the portal 

bump or blocked the lumen, and the mass continued until 
30 cm from the portal. The upper mass had a spherical 
clustering, while the lower mass showed significant 
ulceration. Pathological biopsy samples were obtained 
from the esophagus 23 and 28 cm from the incisors. 
Immunohistochemistry showed positive findings for 
HMB45 and MelanA; partially positive findings for 
S100, CK7, CK5/6, CAM5.2, LCA, P63, and TTF-1; and 
negative findings for Syn. The Ki-67 positivity index was 
approximately 60%. Based on these findings, the patient 
was diagnosed with malignant esophageal melanoma 
(Fig. 3). Considering the specific situation of the patient, 
her family refused surgery and further genetic testing. 
A total of five cycles of immune checkpoint inhibitor 
therapy combined with chemotherapy were administered 
from October 18, 2019, to May 5, 2020. According to 
the National Comprehensive Cancer Network (NCCN) 
guidelines for malignant melanoma treatment and based 
on the dominant effect of the latest domestic PD-1 mAb 
of camrelizumab beads in the treatment of malignant 
melanoma, she was started on intravenous administration 
of camrelizumab (200 mg, once every 3 weeks; Jiangsu 
Hengrui Pharmaceutical Co., Ltd., S20190027) + dacabzine 
(0.3 g, 1–5 days every 3 weeks; Nanjing Pharmaceutical 
Factory Co., Ltd., H32026231) + cisplatin (20 mg, 1–5 
days; 65 mg/m2, every 3 weeks; Qilu Pharmaceutical Co., 
Ltd., H20023460) + vincristine (1 mg, 1–2 days; 1.2 mg/
m2, every 3 weeks; Zhejiang Hanzheng Pharmaceutical 
Co., Ltd., H20043326). During chemotherapy, one to two 
degrees of nausea, vomiting, and loss of appetite were 
observed; meanwhile, no obvious myelosuppression and 
skin capillary hyperplasia were noted. The regimen was 
adjusted during cycle 4 owing to severe gastrointestinal 
reactions as follows: camrelizumab (200 mg, 1 day 
before chemotherapy, every 3 weeks; Jiangsu Hengrui 
Pharmaceutical Co., Ltd., S20190027) + dacabzine (0.3 
g, 1–5 days every 3 weeks; Nanjing Pharmaceutical 
Factory Co., Ltd., H32026231) + nedaplatin (30 mg, 1–3 
days; 60 mg/m2, every 3 weeks; Qilu Pharmaceutical 
Co., Ltd., H20050563) + vindesine (4 mg, once every 3 
weeks; Shandong Luoxin Pharmaceutical Group Co., 
Ltd., H20067018). During cycle 4, grade 1 fatigue was the 
only adverse event observed, and the partial treatment 
response was maintained for only 15 days. However, all 
treatments were discontinued for approximately 100 days 
owing to the nationwide coronavirus disease outbreak in 
2019. Thereafter, cycle 5 was continued (protocol versus 
cycle 4). No severe immunotherapy-related adverse 
events (irAEs) were recorded. Eating limitations were 
significantly reduced after cycle 1 therapy combined 
with chemotherapy and gradually disappeared after cycle 
3; thereafter, the patient gained weight. Gastroscopy (Fig. 
4) conducted after two cycles of treatment on December 
4, 2019 revealed the following: The esophagus was 23–25 



203Oncol Transl Med, August 2022, Vol. 8, No. 4

to the cardia; the dentate margin was clear; and the cardia 
had no stenosis. Endoscopic ultrasound ring scan (Fig. 5) 
revealed that at the esophageal bulge, there was a lesion 
of approximately 1 cm in diameter located in the mucosal 

cm from the incisors, with two continuous beaded-like 
bulge masses that had a smooth and black surface and a 
diameter of approximately 1 cm; melanosis of the mucosa 
around the lumen was observed at 40 cm from the incisors 

Fig. 1 CT enhancement of chest + upper abdomen on December 9, 2019 shown: esophagel occupying lesions, the lumen was significantly narrow 
and mediastinal lymph node enlargement (the red arrow shows); pleural effusion on the right side (small amount)

Fig. 2 Gastroscopy shown: (a) incisor to esophagus 23 cm (b) incisor to esophagus 23 cm, (c)incisor to esophagus 28 cm, (d)incisor to esophagus 30 
cm, (e) dentate margin, (f) fundus ventriculi, (g) sinuses ventriculi, (h) duodenal bulb; The esophagus from the incisor 23 cm bulge mass block lumen, 
lumen stenosis, the endoscope is blocked, the mass continued to the esophagus 30 cm from the incisor, the upper segment of the mass is cluster 
spherical, bright surface sense, local surface ulceration with bleeding, the lower mass ulceration is obvious, covered with moss. From 35 cm from the 
portal to the cardia, the tooth line is clear and the cardia is not narrow. The gastric floor mucosa is congested and edema, clear, extended after inflation, 
and the mucus lake is clear and medium. The gastric is curved. Gagastric sinus mucosa congestion and oedema. The door is round, comfortable 
contraction. The duodenal bulb and lower mucosa are smooth and smooth without stenosis. The esophagus was taken on biopsy 23 cm from the inciaors 
and 28 cm from the mass,and the upper segment was more brittle and suffered more bleeding. The lower segment of the mass is hard, bleeding can be
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layer, and the echo was heterogeneous. CT (Fig. 6) after 
two cycles of treatment revealed a significantly better 
disease status reaching partial remission. CT (Fig. 7) after 
four cycles of treatment showed that the esophageal 
tumor continued to shrink; normal swallowing function 
returned; and the patient condition became stable.

Discussion

Malignant melanoma of the gastrointestinal tract is 
usually a metastasis from a primary cutaneous source. 
PMME is extremely rare, accounting for only 0.1%–0.2% 
of all tumors of the esophagus [12–13]. The incidence of 
malignant melanoma has increased over the past few 
decades, and approximately 132,000 individuals develop 
malignant melanoma each year worldwide [11]. Almost 
all malignant melanoma cases arise from the skin, and 
it is reported that only 1% of melanomas arise from the 
mucosa (head and neck, eyes, and genitourinary and 
alimentary tracts) [14]. PMME most commonly occurs 
in men, with a male-to-female sex ratio of 2:1, and the 
average age of onset is 60.5 years. The tumor is usually 
located in the middle and lower third of the esophagus 
(76.2%) [15–16]. Herein, we report a case of recurrent 
PMME successfully treated with camrelizumab. After the 
treatment, the difficulty in swallowing and weight loss 

symptoms dramatically decreased; the patient condition 
became stable and the survival rate increased; and no 
irAEs were observed. The patient received camrelizumab 
therapy for 5 months and showed no further signs of 
clinical disease progression. Although melanomas arising 
from the mucosa generally have a worse prognosis than 
those arising from cutaneous sites, no intrinsic risk factors 
and specific treatment options have been established. 
Furthermore, there is no evidence of a difference in 
sensitivity to camrelizumab therapy between skin and 
mucosal melanomas. Wang et al. [13] reported that in 
76 patients, PMME occurred more commonly in men, 
with a male-to-female sex ratio of 2.17:1. The majority 
of patients with PMME are symptomatic on diagnosis, 
with dysphagia being the most common major symptom, 
as was observed in our case. Concerning the locations of 
PMME tumors, 92.1% are located in the middle and lower 
portions of the esophagus, while half of the tumors invade 
the muscularis propria or further. On endoscopy, PMME 
usually presents as a well-circumscribed, solid, polypoid 
tumor with black or purple pigmentation on the surface, 
sometimes accompanied by ulcers and bleeding [16–17]. 
In contrast, metastatic melanoma usually has multiple 
nodular lesions and may be distributed in various parts of 
the gastrointestinal tract [18]. However, some PMME cases 
present as a flat lesion [19] or as multinodular lesions that 

Fig. 3 (a) There was solid proliferation, and tumor cells had large round nuclei. Melanin pigmentation was sparse (HE staining × 100); (b) Tumor cells 
were difusely positive (HMB-45 immunostaining × 100); (c) Tumor cells were difusely positive (Melan-A immunostaining × 100)

Fig. 4 Review occurred after 2 cycles of treatment on 4 December 2019, as indicated by gastroscopy: the esophagus is seen 23 to 25 cm from the 
incisors in two continuous bulge masses (red arrow), beaded-like, each raised about 1 cm in diameter, with a smooth black; from aisors 40 cm to the 
cardia with clear dentate margin (purple arrow) and no atenosis in the cardia (green arrow)
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are difficult to distinguish from metastatic lesions [20–21]. 
Surface pigmentation is characteristic of gastrointestinal 
melanoma. However, some melanomas lack melanin (i.e., 
the so-called amelanotic melanomas); these account for 
10%–25% of all PMME cases and are extremely difficult 
to distinguish from other tumor types [22]. An accurate 
preoperative diagnosis of primary malignant melanoma 
is difficult to make from a biopsy specimen because the 
biopsy results are easily misinterpreted as indicating 
undifferentiated carcinoma. Repeated endoscopic biopsy 
may be required [23]. A definite diagnosis of melanoma 
depends on an immunohistochemical examination 
showing positive results for S100 protein, HMB45, and 
neuron-specific enolase [18].

Surgical resection is the most common treatment, with 
77.6% of patients undergoing subtotal esophagectomy 
or esophagogastrostomy with lymph node dissection. 
Despite complete excision, recurrence occurred in 89.7% 
of patients in previous studies. In addition, the interval 
between primary surgery and recurrence was only 4.5 
months [13]. The risk of recurrence is extremely high 
after an initial staging surgery, which likely reflects the 
aggressive characteristics of PMME and the important 
role of adjuvant therapy. Indeed, adjuvant therapy has 
been shown to increase recurrence-free survival (RFS) 
and to have varying effects on overall survival (OS) 
in patients with cutaneous melanoma [24]. A previous 
trial has suggested that temozolomide-based adjuvant 

Fig. 5 Ultrasound endoscopic ring scan: At the esophagel bulge, see a lesion of about 1 cm in diameter, located in the mucosal layer, and the echo 
is heterogeneous

Fig. 6 CT after 2 cycles of treatmnet on December 3, 2019 shown: After esophageal melanoma chemotherapy, the review was significantly better than 
before, reaching partial remission. The eaophageal occupation decreased signififcantly compared with the previous one, and the mediastinal lymph 
nodes decreased significantly
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chemotherapy can improve both RFS and OS in patients 
with mucosal melanoma [25]. However, because of the 
rarity of PMME, optimal adjuvant therapies have not yet 
been established. Postoperative adjuvant chemotherapy 
may be considered for patients with PMME because it can 
significantly improve RFS. However, even with adjuvant 
chemotherapy, the RFS is still much lower in PMME than 
in other subtypes of mucosal melanoma [25]. A previous 
phase 3 randomized trial has suggested that adjuvant 
therapy with ipilimumab can treat stage III melanoma 
based on a significantly prolonged RFS [26]. In addition, 
CheckMate 238 showed that among patients undergoing 
resection of stage IIIB, IIIC, or IV melanoma, adjuvant 
therapy with nivolumab resulted in a significantly longer 
RFS and a lower rate of grade 3 or 4 adverse events than 
did adjuvant therapy with ipilimumab [27]. A previous 
open-label phase IB trial has shown that the combination 
of toripalimab with axitinib was tolerable and showed 
promising antitumor activity in patients with treatment-
naive metastatic mucosal melanoma. The patients enrolled 
in this previous study were all Asians, and the combination 
therapy used must be validated in a randomized phase III 
trial that includes a non-Asian population before it can 
become a standard of care [28]. Camrelizumab combined 
with apatinib for advanced acral lentiginous melanoma 
(ALM) phase II research has achieved excellent efficacy is 
known as a landmark research on acroterminal malignant 
melanoma. In the initial treatment of metastatic ALM, 

apatinib combined with camrelizumab not only was 
safely tolerated but also improved anti-tumor activity 
and progression-free survival (PFS), benefitting OS. The 
most common type of melanoma in Asian populations 
is acroral melanoma. Meanwhile, the incidence of acral 
melanoma in European and American populations is less 
than 5%, and the effectivity rate of PD-1 mAb in acroral 
melanoma treatment is only approximately 14%. The 
objective response rate (ORR) of camrelizumab combined 
with apatinib was 22.2%; the DCR reached 77.8%; and the 
median PFS reached 8 months in patients with metastatic 
ALM [11]. Moreover, immunotherapy may be effective as 
adjuvant therapy for patients with PMME.

The role of systemic therapy for metastatic or 
unresectable PMME remains unclear. The first-line 
systemic therapy for melanoma is immunotherapy, 
including nivolumab, ipilimumab, and pembrolizumab, 
according to the NCCN guidelines. In previous studies, 
camrelizumab also showed a better therapeutic effect. 
The traditional cytotoxic chemotherapies have displayed 
very minimal efficacy against advanced-stage PMME. The 
overall response rate of chemotherapy in a previous cohort 
study was only 10.9%, with a short PFS of only 3 months 
[27]. Other studies have also shown unsatisfactory results 
of chemotherapy. Over the past decade, the introduction 
of novel therapies has drastically improved the survival 
of patients with advanced melanoma, and these therapies 
are broadly grouped into immune checkpoint inhibitors 

Fig. 7 After 4 cycles of treatment, the reexamination of CT on April 30, 2020 shown: esophageal tumor continued to shrink, and normal swallowing 
showed no uncomfortable symptoms, and the condition was stable
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(immunotherapy) and BRAF or MEK inhibitors (targeted 
therapy) [29]. Immune checkpoint inhibitors nivolumab, 
ipilimumab, and camrelizumab are novel treatment 
agents for malignant melanoma. These drugs have been 
reported to demonstrate a substantial clinical benefit 
for patients with metastatic melanoma, with an ORR 
of 31.0%–40.0% [30]. A number of previous case reports 
have suggested that the usefulness of immunotherapy 
with nivolumab for PMME may be comparable to that 
for melanoma of other organs. Patients with metastases 
at the time of diagnosis had a median survival duration 
of 15.8 months, whereas those who developed metastases 
later or had unresected stage III disease had an average 
survival duration of 22.8 months from the date of first 
diagnosis; the median OS from the first diagnosis was 
18.5 months [31]. A nationwide study revealed that 
marked improvements in OS were associated with the 
use of targeted therapy and immunotherapy in patients 
with stage IV melanoma with an unknown primary site 

[29]. Pablizumab is the first PD-1 inhibitor approved for 
the treatment of advanced melanoma in China, bringing 
the treatment of melanoma in China into the era of 
immunotherapy. Melanoma in Chinese populations is 
mainly composed of acral and mucosal types; thus, it is 
necessary to further conduct clinical trials and develop 
original melanoma-specific immunotherapy drugs 
suitable for the Chinese population. These findings could 
be used as a basis in clinical practice and the treatment of 
PMME; however, more studies are required to prove the 
benefit.

Conclusion  
In conclusion, PMME is an extremely rare but highly 

aggressive tumor. The special pattern of pigmentation 
should be recognized while performing endoscopy. 
The diagnosis of PMME requires careful pathological 
examination and exclusion of other possible origins in 
the entire body. Early detection and radical resection 
of the tumor are critical to ensure favorable outcomes. 
The effect of adjuvant chemotherapy and radiotherapy is 
uncertain, and data from large clinical multicenter long-
term follow-up studies are lacking. With the continuous 
development and progress of radiotherapy equipment, 
precision radiotherapy may be an effective treatment 
strategy for primary malignant melanoma among patients 
with advanced or poor general state of malignancy. 
Novel therapies, including immunotherapy and targeted 
therapy, may improve the OS in patients with PMME. 
PD-1 inhibitors may represent a promising option for 
patients with advanced PMME. However, more evidence 
is needed from future clinical research to further validate 
their role.
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