CANCER BIOLOGY & THERAPY
2019, VOL. 20, NO. 4, 505-512
https://doi.org/10.1080/15384047.2018.1537576

Taylor & Francis
Taylor &Francis Group

RESEARCH PAPER

W) Check for updates

Dynamic changes of different phenotypic and genetic circulating tumor cells as a
biomarker for evaluating the prognosis of RCC

Zhen-Long Wang*, Peng Zhang*, He-Cheng Li, Xiao-Jie Yang, Ya-Ping Zhang, Zhao-Lun Li, Li Xue, Yu-Quan Xue,

Hong-Liang Li, Qi Chen, and Tie Chong*

Department of Urology, The Second Affiliated Hospital of Xi'an Jiaotong University, Xi‘an, China

ABSTRACT

Background: Circulating tumor cells (CTCs) and relevant autophagy Beclin-1 genes expression are
critical biomarkers for tumorigenesis and tumor progress. Here we investigated the relationship of
dynamic changes of CTCs and Beclin-1 expression of CTCs with renal cell carcinoma (RCC) prognosis.
Materials and methods: A total of 69 patients with RCC were enrolled and divided into two groups
based on the postoperative status of distant metastasis, including metastasis-free group (n = 58) and
metastatic group (n = 11). Demographic characteristics of each patient were recorded in detail. All 69
enrolled patients had received multiple CTC tests and peripheral blood samples were obtained at three
different time points (1 day before operation, 6 months and 12 months after operation). Peripheral
blood samples were drawn before each time point and CTCs were separated by using Can Patrol CTC
enrichment technique. CTCs were divided into epithelial, mesenchymal and mixed phenotype based on
different surface biomarkers. RNA in situ hybridization assay was used to detect the expression of
Beclin1 gene.

Results: The percentages of epithelial, mesenchymal and mixed CTCs were 11.64%, 28.04% and 60.32%,
respectively. There were no significant differences of initial CTCs counts between metastasis-free group
(8.43 £ 5.15) and metastatic group (7.71 + 3.82) (P > 0.05). As for metastatic group, the number of mixed
CTCs at 12 months postoperatively was significantly higher than that of mixed CTCs preoperatively and
6 months postoperatively (P < 0.05). In the metastatic group, the number of Beclin1 positive CTCs was
significantly higher than that of Beclin1 negative CTCs preoperatively (P < 0.05), moreover, there were
several significantly changes of Beclin1 positive CTCs with different types and at different time points.
Conclusion: The recurrence or metastasis of RCC was uncorrelated with initial CTCs counts, but probably
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related with the variation trend of CTCs, especially mesenchymal CTCs and Beclin1 positive CTCs.

Introduction

Kidney cancer is one of the 10 most common cancers in
both men and women, representing 3.7% of all adult malig-
nancies, and renal cell carcinoma (RCC) is the most com-
mon form which is responsible for up to 85% of kidney
cancer cases'. Incidence predominates in men with the
male-to-female ratio of 1.5:1, and peaks at age of 64 years’.
Although the 5-year relative survival rates have improved
over the past several decades, the overall prognosis of RCC
is still poor due to high risk of recurrence and metastases’.
Distant metastases have been found in approximately 17%
RCC patients at the time of diagnosis®. Currently, the
tumor, lymph node, metastasis (TNM) system has been
recognized as one of the strongest prognostic systems in
the clinical outcome of patients with RCC* The 5-year
recurrence free-survival rate of stage I RCC patients
exceeds 92%, whereas the risk of recurrence for stage II
and III RCC is up to 40%°. However, the TNM-based
approach mainly evaluates cancer at a population level
instead of a more “personalized” approach.

Circulating tumor cells (CTCs) are rare cancer cells
released from tumors into the bloodstream which play an
essential role in mediating cancer metastases. The CTCs
counts have been associated with poor prognosis in many
tumors, including breast, prostate and colorectal cancer®.
More importantly, the number of CTCs can provide real-
time information on clinical behavior of tumors and indivi-
dually predict clinical outcome for each patient’. CTCs can
undergo an epithelial-to-mesenchymal transition (EMT)
which results in losing epithelial character and morph into a
mesenchymal type®. Based on cell surface markers, CTCs can
be generally classified into three subtypes, including epithelial
CTCs (EpCAM, CK8, CK18 and CK19), mesenchymal CTCs
(Vimentin, N-cadherin, SNAIL, Twist, ZEB1/2) and mixed
CTCs’. Generally, CTCs often exhibit combinations of epithe-
lial and mesenchymal features, reinforcing the role of EMT in
the process of cancer cell dissemination and implantation. In
longitudinal studies of individual patients, the fraction of
mesenchymal CTCs has been associated with the drug resis-
tance and disease progression'’. Some groups have reported
that the presence of CTCs was correlated with lymph node
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status and metastases in RCC''. However, the correlation
between dynamic changes of CTCs and synchronous metas-
tases is still controversial.

Besides CTCs enumeration, the further understanding of
CTCs genetic expression can monitor clinical outcome more
precisely'?. Beclin-1, an autophagy associated gene, plays an
important role in tumorigenesis'’. Nishikawa et al.'* proved
that autophagy associated gene Atg5 and Beclinl were signif-
icant predictors of RCC recurrence after radical nephrectomy.
However, Deng et al.'” reported that RCC patients with low
expression level of autophagy markers exhibited poor prog-
nosis. Therefore, the correlation of Beclin-1 with CTCs in
patients with RCC is still limited known.

In the present study, we retrospectively investigated 60
cases with RCC by using dynamic enumeration of CTCs.
Different phenotypes and Beclinl expression of CTCs were
also analyzed in the prognosis and recurrence of RCC. The
aim of this study was to identify the correlation between
different phenotypic and genetic CTCs and clinical outcome
of RCC.

Materials and methods
Study design and patients

This retrospective, single-center study was performed based
on a protocol approved by the institutional review board at
the Second Affiliated Hospital of Xi’an Jiaotong University
and in accordance with the Good Clinical Practice (GCP)
guidelines and the principles of the Declaration of Helsinki.
We reviewed the medical records of adult patients with RCC
who received the whole treatments in this hospital from June
2015 to May 2018 (N = 314). The inclusion criteria included
patients with age larger than 18 years old, pathologically
confirmed RCC, excluding preoperative existence of distant
metastasis, having undergone radical or partial nephrectomy,
receiving postoperative radiochemotherapy according to
NCCN 2015 guidelines of kidney cancer', agreement with
complete 12-month follow-up study for multiple CTC tests.
The exclusion criteria included preoperative metastatic RCC,
incomplete clinical evaluations, incomplete follow-up study,
history of any urological surgery, receiving any treatments in
other groups, benign final pathology or upper tract urothelial
cell carcinoma, and severe psychological problems. Informed
consent had been signed by all participants. This study was
registered at Research Registry (UIN: research registry 3758).

Demographic and clinical characteristics

A total of 69 patients with RCC were enrolled in this study
and they were divided into two groups based on the post-
operative status of distant metastasis, including organ metas-
tases (extra-kidney metastases and intra-kidney metastases)
and bone metastases (cranial metastases, vertebral metastases,
truncal bone metastases, and metastases in the extremities). 69
patients had been divided into metastasis-free group (n = 58)
and metastatic group (n = 11). Demographic characteristics of
each patient were recorded in detail, including gender, age,
pathological type and grading, tumor diameter, renal score,

TNM staging and surgical treatments were comprehensively
analyzed. Furthermore, the tumor diameters and renal scores
were compared between patients with and without distant
metastasis.

Blood samples preparation and CTC detection

All 69 enrolled patients had received multiple CTC tests and
peripheral blood samples were obtained at three different time
points (1 day before operation, 6 months and 12 months after
operation). Peripheral blood samples (7.5 ml, anticoagulated
with EDTA) were drawn from all participants before each
time point. Mononuclear cells (MNC) were isolated by adding
erythrocyte lysis buffer (154 mM NH,CI, 10 mM KHCOj; and
0.1 mM EDTA, Sigma, St. Louis, USA). After centrifugation
(1500 rpm, 5 min), the blood samples were resuspended in
PBS buffer. CTCs were separated by using Can Patrol CTC
enrichment technique (SurExam, Guangzhou, China) accord-
ing to detailed procedures provided by Wu et al.'‘.
Furthermore, CTCs were divided into epithelial, mesenchy-
mal and mixed phenotype based on the morphological and
biological biomarkers. Epithelial CTCs were detected with
labeling epithelia markers, such as EpCAM, CK8, CK18 and
CK19. Mesenchymal CTCs were tested by labeling mesench-
ymal markers, including Vimentin and Twist.

RNA in situ hybridization assay

The expression levels of Beclin-1, EpCAM, CK8, CK18, CK109,
Vimentin and Twist were detected by RNA in situ hybridiza-
tion technique. The detailed procedures were described as
following. White blood cells were loaded into 24 wells cell
culture plates. All cells were treated with proteinase.
Subsequently, targeted gene genomic DNA sequences were
detected with capture probes including preamplifier sequence,
the amplifier sequence and the labeled probe'’. Epithelial mar-
kers EpCAM, CK8, CK18 and CK19 were labeled with Alexa
Fluor 594. Mesenchymal markers Vimentin and Twist were
labeled with Alexa Fluor 488. White blood cells were stained
by Alexa Fluor 750 conjugated anti-CD45. Beclinl gene was
detected with Alexa Fluor 647 labeled capture probe. The
capture probe sequence for Beclin-1 (53') was as follows:
TCAAATCTCACCAGACGGACCTGTGAGTAAGTAGTGT-
CCACATCACCCTGTTGATTAGAGTGGACTGTACTGAA-

GGCAGAAGAAGGGTGGCTAGACAGAGGAGCTATTTC-

TCGGTGATACAAGTGTACACAGATGCCTGACACTGAA-
GCTCATGGCGAAT.

Capture probe sequences for the EpCAM, CK8/18/19,
Vimentin and twist genes had been described by Wu et al.'®.
Cell nucleus was stained with 4',6’-diamidino- 2-phenylindole
(DAPI) (Sigma, St. Louis, USA) for 5 min.

Statistical analysis

Statistical analysis was performed using Statistical Product
and Service Solutions software (SPSS 19.0, Inc., Chicago).
The results were presented as mean + standard deviation
(SD). Student’s t-test, one-way ANOVA and 2way ANOVA
were applied for continuous data, and chi-square test for



categorical data. As for non-normal distribution samples,
Wilcoxon two sample test, Kruskal-Wallis test were used. A
value of P < 0.05 was considered statistically significant.

Results
Demographic characteristics

A total of 69 patients (22 women and 47 men) with RCC were
enrolled in this study and they were divided into two groups
based on the postoperative status of distant metastasis, includ-
ing metastasis-free group (n = 58) and metastatic group
(n = 11). The mean time of recurrence or metastasis of meta-
static group was 10.2 + 3.5 months after initial surgical treat-
ments. The mean age of all 69 patients was 57.5 + 11.1 y (range,
27-82). The mean age of metastatic group (59.7 + 7.8 y) was
slightly higher than the mean age of metastasis-free group
(57.1 + 11.6 y), however, there were no significant differences
between two groups (P > 0.05). The sex ratio of the whole
patients was approximately 7 vs. 3 (Male vs. Female). As shown
in Table 1, the most common pathological type of RCC in this
study was clear-cell carcinoma (85.5%) and the main patholo-
gical grade was grade II (71.1%). There were no significant
differences of pathological types and grading between metasta-
sis-free group and metastatic group (P > 0.05). However, the
percentage of T1 stage in metastatic group (27.3%) was signifi-
cantly lower than that of metastatic-free group (63.6%)
(P < 0.05) and the percentage of T2 stage in metastatic group
(63.6%) was significantly higher than that of metastatic-free
group (31.1%) (P < 0.05). Moreover, there were significant
differences of surgical treatments between metastasis-free
group (mainly partial nephrectomy, 70.7%) and metastatic
group (mainly radical nephrectomy, 81.8%) (P < 0.05).

Table 1. Demographic characteristics of patients with RCC.
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Furthermore, the tumor diameters and renal scores were
compared between patients with and without distant metas-
tasis. As shown in Table 2, the diameter of RCC in metastatic
group (7.15 + 1.78 cm) was significantly larger than that of
metastasis-free group (4.64 + 1.32 cm) (P = 0.002). Moreover,
the renal score of metastatic group (9.91 + 0.70, median 10)
was significantly higher than that of metastasis-free group
(7.58 *+ 1.60, median 8) (P < 0.001).

Initial ctcs counts

The numbers of three CTCs types were detected in all 69
patients before surgery. The initial number of CTCs in all 69
patients was 8.21 * 4.77. As shown in Figure 1, the percen-
tages of epithelial, mesenchymal and mixed CTCs were
11.64%, 28.04% and 60.32%, respectively. As shown in
Figure 2, there were no significant differences of initial
CTCs counts between metastasis-free group (8.43 * 5.15)
and metastatic group (7.71 £ 3.82) (P > 0.05). Moreover, the
initial numbers of epithelial, mixed and mesenchymal CTCs
in metastasis-free group were 0.91 + 0.57, 5.20 + 2.24 and
2.30 £ 1.41, respectively. The initial numbers epithelial, mixed
and mesenchymal CTCs in metastatic group were 0.85 + 0.46,
442 + 2.35 and 2.42 + 1.40, respectively. There were no
significant differences of three types CTCs counts between
two groups (P > 0.05).

Table 2. The tumor diameter and renal score in the metastasis-free group and
metastatic group.

Variable Metastasis-free group  Metastatic group P
Tumor diameter (cm) 4.64 + 1.32 715+ 178 0.002
Renal score 7.58 = 1.60 9.91 + 0.70 < 0.001
Median 8 (4-11) 10 (9-11)

Data presented as mean + SD.

Variable All Metastasis-free group Metastatic group
Number, n (%) 69 58 (84.1%) 11 (15.9%)
Age (y) 575+ 111 571+ 116 59.7+78
Gender

Male, n (%) 47 (68.1%) 40 (68.9%) 7 (63.6%)

Female, n (%) 22 (31.9%) 18 (31.1%) 4 (36.4%)
Pathological type, n (%)

Clear-cell carcinoma 59 (85.5%) 50 (86.2%) 9 (81.8%)

Papillary carcinoma 5 (7.2%) 4 (6.9%) 1 (9.1%)

Chromophobe carcinoma 4 (5.8%) 3 (5.2%) 1 (9.1%)

Eosinophilic tumor 1 (1.5%) 1 (1.7%) 0 (0%)
Pathological grading

| 8 (11.6%) 7 (12.1%) 1(9.1%)

-1l 3 (4.3%) 3 (5.2%) 0 (0%)

Il 49 (71.1%) 40 (69.0%) 9 (81.8%)

11111 6 (8.7%) 6 (10.3%) 0 (0%)

1] 3 (4.3%) 2 (3.4%) 1 (9.1%)
TNM staging

T 41 (59.4%) 38 (65.5%) 3 (27.3%) ab

T2 25 (36.2%) 18 (31.1%) 7 (63.6%) ab

T3 2 (2.9%) 1(1.7%) 1(9.1%)

T4 1(1.5%) 1(1.7%) 0 (0%)

NO 68 (98.5) 58 (100%) 10 (90.9%)

N1 1(1.5%) 0 (0%) 1 (9.1%)

MO 69 (100%) 58 (100%) 11 (100%)

M1 0 (0%) 0 (0%) 0 (0%)

Surgical treatments
Radical nephrectomy
Partial nephrectomy

26 (37.7%)
43 (62.3%)

17 (29.3%)
41 (70.7%)

9 (81.8%) *°
2 (18.2%) 2P

Data presented as mean =+ SD or n (%) and P < 0.05 was considered statistically significant.

2P < 0.05 vs. All; ® P < 0.05 vs. Metastasis-free group.
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Figure 1. Three types of CTCs in kidney cancers. Left panel showed the images of epithelial, mixed and mesenchymal CTCs. Epithelial CTCs presented only Alexa
Fluor 594 (Red color) labeled epithelial markers (EpCAM and CK8/18/19), mesenchymal CTCs exhibited only Alexa Fluor 488 (Green color) labeled mesenchymal
markers (Vimentin and Twist), and mixed CTCs having both epithelial and mesenchymal markers were stained with both green and red immunofluorescent dyes.

Right panel showed the distribution of three CTCs types in kidney cancers.

@ metastasis-free group
@ metastatic group

15-
<
@ 104
c
=
]
(3]
3 51
[
(D)
0..
P ? ? P
& RS bcf‘ RS
> Q\'o +0 (g\'b
() Q g
& &€ &
Q,Q 0(‘
06"
&

Figure 2. Initial CTCs counts in two groups before surgery.

Dynamic changes of ctcs counts

As shown in Figure 3, at 6 months postoperatively, the
numbers of epithelial, mixed and mesenchymal CTCs in
metastatic group were 2.66 = 1.78, 6.33 % 3.03 and
2.66 + 1.30, respectively. At 12 months postoperatively, the
numbers of epithelial, mixed and mesenchymal CTCs in
metastatic group were 220 * 1.83, 9.80 % 5.03 and
4.60 £ 2.39, respectively. As for metastatic group, the num-
ber of mixed CTCs at 12 months postoperatively was sig-
nificantly higher than that of mixed CTCs preoperatively
and 6 months postoperatively (P < 0.05). As shown in
Figure 4, at 6 months postoperatively, the numbers of
epithelial, mixed and mesenchymal CTCs in metastasis-free
group were 1.39 + 0.84, 4.52 + 2.30 and 2.02 + 1.5840,
respectively. At 12 months postoperatively, the numbers of
epithelial, mixed and mesenchymal CTCs in metastasis-free

group were 0.72 + 0.33, 3.63 + 1.37 and 2.47 + 1.98, respec-
tively. As for metastasis-free group, the number of mixed
CTCs at 12 months postoperatively was significantly lower
than that of mixed CTCs preoperatively and 6 months post-
operatively (P < 0.05).

The expression of beclin-1 in ctcs

RNA in situ hybridization assay was utilized for assessing
Beclin-1 expression in CTCs (Figure 5). As for all 69 patients,
the number of Beclinl positive mixed CTCs preoperatively
was significantly higher than that of Beclinl negative mixed
CTCs preoperatively (P < 0.05) and the number of Beclinl
positive all CTCs preoperatively was significantly higher than
that of Beclinl negative all CTCs preoperatively (P < 0.05)
(Figure 6). In the metastatic group, the number of Beclinl
positive CTCs was significantly higher than that of Beclinl
negative CTCs preoperatively (P < 0.05). However, there were
significant differences between numbers of Beclinl positive
CTCs and Beclinl negative CTCs in the metastasis-free group
(P > 0.05) (Figure 7).

Furthermore, dynamic changes of Beclinl expression in
CTCs were investigated in metastatic group (Figure 8). As
for Beclinl positive CTCs, the number of Beclinl positive
epithelial CTCs at 12 months postoperatively (2.00 + 1.14)
was significantly higher than that of Beclinl positive epithe-
lial CTCs preoperatively (0.25 £ 0.15) (P < 0.05); the number
of Beclinl positive mixed CTCs at 6 months postoperatively
(3.43 + 1.07) was significantly higher than that of Beclinl
positive mixed CTCs preoperatively (1.75 + 0.55) (P < 0.05);
the number of Beclinl positive mixed CTCs at 12 months
postoperatively (6.80 + 3.61) was significantly higher than
that of Beclinl positive mixed CTCs preoperatively or at
6 months postoperatively (P < 0.05); the number of Beclinl
positive mesenchymal CTCs at 6 months postoperatively
(1.86 £ 0.67) was significantly higher than that of Beclinl
positive mixed CTCs preoperatively (0.25 + 0.19) (P < 0.05);
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Figure 3. Dynamic changes of three CTCs types in the metastatic group. (Data were presented as mean + SD and P < 0.05 was considered statistically significant. Pre-op:
preoperatively, post-op 6m: 6 months postoperatively, post-op 12m: 12 months postoperatively. * P < 0.05 Post-op 12m vs. Pre-op; ** P < 0.05 Post-op 12m vs. Post-op 6m.).
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Figure 4. Dynamic changes of three CTCs types in the metastasis-free group. (Data were presented as mean + SD and P < 0.05 was considered statistically significant. Pre-op:
preoperatively, post-op 6m: 6 months postoperatively, post-op 12m: 12 months postoperatively. * P < 0.05 Post-op 12m vs. Pre-op; ** P < 0.05 Post-op 12m vs. Post-op 6m.).

Beclin-1 expression in CTCs

Epithelial CTC Mixed CTC Mesenchymal CTC

Figure 5. Beclin-1 expression in CTCs. Epithelial markers were labeled with Alexa Fluor 594 (Red color); mesenchymal markers were labeled with Alexa Fluor 488
(Green color); Beclin-1 marker was labeled by Alexa Fluor 647 (Purple color). Right panel showed the distribution of three CTCs types in kidney cancers.
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Figure 6. The expression of Beclin1 in different types of CTCs preoperatively.
(Data were presented as mean + SD and P < 0.05 was considered statistically
significant. * P < 0.05 Beclin1 (+) mixed CTCs vs. Beclin1 (-) mixed CTCs; **
Beclin1 (+) all CTCs vs. Beclin1 (-) all CTCs).
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Figure 7. The expression of Beclin1 in CTCs preoperatively in the metastasis-free
group and metastatic group. (Data were presented as mean + SD and P < 0.05
was considered statistically significant. * P < 0.05 Beclin1 (+) CTCs vs. Beclin1 (-)
CTCs in the metastatic group).

the number of Beclinl positive mesenchymal CTCs at
12 months postoperatively (2.60 + 1.30) was significantly
higher than that of Beclinl positive mixed CTCs preopera-
tively (P < 0.05). As for Beclinl negative CTCs, there were
no significant differences within different types of CTCs at
different time points (P > 0.05).

Discussion

Kidney cancer is one of the most common cancers involving
in adults and RCC is the most common form, representing
approximately 85% of cases. Clear-cell, papillary and chromo-
phobe are the most common solid renal cell carcinomas
within the kidney and account for 85-90% of all renal
malignancies'®'®. In the present study, the most common
pathological type of RCC in this study was clear-cell carci-
noma and the main pathological grade was grade IL
Moreover, we reported that the diameter of RCC and renal
score in metastatic group was significantly higher than that of
metastasis-free group, indicating that the RCC diameter and
renal score might be related with the recurrence or metastasis
of RCC. Sunela et al.*® also suggested that the relapses or
distant metastasis occurred less frequently among patients
with small tumors (< 3.0 cm).

Currently, the overall prognosis of RCC is still poor due
to high risk of recurrence and metastases and distant
metastases have been found in approximately 17% RCC
patients at the time of diagnosis®. The patients with RCC
are often asymptomatic at the early stage of the disease.
Therefore, early specific diagnostic marker is a critical
factor for renal cancer treatment. Traditionally, TNM sta-
ging system can only evaluate prognosis of RCC at a popu-
lation level instead of individually prediction. The CTCs
counts have been associated with poor prognosis in many
tumors and the number of CTCs can provide real-time
information on clinical behavior of tumors and individually
predict clinical outcome for each patient®’. In this study, a
combination of EpCAM, CK8, CK18 and CK19 was used as
the surface marker of epithelial CTCs, which was more
sensitive than using only EpCAM. Maertens et al.’'
reported that only EpCAM marker might lost many real
RCC patients, since part of patients with RCC had low
expression level or no expression of EpCAM. Liu et al.*?
indicated that double positive markers such as CA9 and
CD147 could increase positive rate to 97.1%. We found that
there were no significant differences of initial CTCs counts
between metastasis-free group and metastatic group, indi-
cating that the risk of recurrence or metastasis was uncor-
related with initial CTCs counts. However, according to the
results of 12-month follow-up study, we found that the
number of mixed CTCs at 12 months postoperatively was
significantly different with that of mixed CTCs preopera-
tively and 6 months postoperatively in the both metastatic
and metastasis-free group, indicating that the risk of recur-
rence or metastasis was correlated with dynamic changes of
CTCs counts, especially the variation trend of mixed CTCs
counts. Similarly, Rossi et al.”> suggested that the presence
of EpCAM-positive, live CTCs could predict progression in
individual patient with metastatic RCC and the decrease of
CTCs counts was found in non-progressed patients and
higher CTCs values in the progressed group indicated a
failure of treatment.

Beclin-1, an autophagy associated gene, plays an impor-
tant role in tumorigenesis'>. Subsequently, the expression of
autophagy-related gene Beclinl was detected in CTCs of
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Figure 8. Dynamic changes of Beclin1 expression in CTCs in metastatic group. (Data were presented as mean + SD and P < 0.05 was considered statistically
significant. Pre-op: preoperatively, post-op 6m: 6 months postoperatively, post-op 12m: 12 months postoperatively. * P < 0.05 Post-op 12m vs. Pre-op; ** P < 0.05

Post-op 12m vs. Post-op 6m; # P < 0.05 Post-op 6m vs. Pre-op.).

patients with RCC in order to further investigate the cor-
relation between CTCs and the risk of recurrence or metas-
tasis. The results of this study showed that the number of
Beclinl positive CTCs was significantly higher than that of
Beclinl negative CTCs preoperatively in the metastatic
group, suggesting that the expression of Beclinl might be
associated with metastasis. Yang et al.** indicated that
Beclin-1 regulated by miR-30a-5p played a notable role in
the drug-resistance of small cell lung cancer, which con-
tributed to tumor recurrence and metastasis, leading to
treatment failure. Similarly, Nishikawa et al.'"* proved that
autophagy associated gene Atg5 and Beclinl were signifi-
cant predictors of RCC recurrence after radical nephrect-
omy. Furthermore, we found that there were several
significantly changes of Beclinl positive CTCs with differ-
ent types and at different time points, indicating that the
variation trend of Beclinl positive CTCs might be closely
correlated with the risk of recurrence or metastasis. Zheng
et al.> also reported that high expression level of Beclinl in
CTCs might enhance the ability of anti-apoptosis leading to
the tumor recurrence or metastasis. Therefore, we suggested
that the recurrence or metastasis of RCC was uncorrelated
with initial CTCs counts, but probably related with the
variation trend of CTCs, especially mesenchymal CTCs
and Beclinl positive CTCs.

There were still several limitations within this study, includ-
ing insufficient number of enrolled patients, lack of long time
period follow-up research, and not a prospective, randomized
controlled trail. At present, this result may not be taken as an
affirmative conclusion due to such limitations. More qualified
cases will be very necessary to further confirm the correlation
between initial CTCs counts and prognosis of RCC.

Conclusion

The recurrence or metastasis of RCC was uncorrelated with
initial CTCs counts, but probably related with the variation
trend of CTCs, especially mesenchymal CTCs and Beclinl
positive CTCs.
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