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tion and invasion rates in the pcDNA-HMGA2 
group were elevated in comparison to the blank 
group and NC group, and the expression of 
MMP-2 and MMP-9 was upregulated (P<0.05). 
There was no evident significance regarding the 
cell migration and invasion in the pcDNA-
HMGA2 + Caffeine group (P>0.05). These find-
ings elucidate that HMGA2 silencing or inhibi-
tion of the ATR/Chk1 signaling pathway inhibit-
ed migration and invasion of CC cells.

HMGA2 silencing or inhibition of the ATR/Chk1 
signaling pathway suppresses tumorigenicity 
of CC in nude mice 

The tumor xenograft in nude mice was conduct-
ed in order to measure CC cell tumorigenicity. 
As is shown by the results (Figure 7), the vol-
ume and weight of tumor in the blank and NC 
groups showed no significant difference (P> 
0.05). In comparison to the blank group, the 

volume of tumor in the caffeine group generally 
reduced from 7 d, 14 d, 21 d, 28 d and 35 daft-
er inoculation, so did the tumor weight after 35 
d (P<0.05), and the tumor volume and weight in 
the BCNU group increased notably (P<0.05), 
but did not differ significantly in the sh-HMGA2 
+ BCNU group (P>0.05). The results above 
demonstrate that HMGA2 silencing or inhibi-
tion of the ATR/Chk1 signaling pathway inhibit-
ed tumorigenicity of nude mice with CC.

HMGA2 silencing or inhibition of the ATR/Chk1 
signaling pathway suppresses lymph node me-
tastasis in xenografts of nude mice 

In order to identify whether HMGA2 and the 
ATR/Chk1 signaling pathway could influence 
lymph node metastasis in xenografts of nude 
mice, HE staining method was performed. The 
tumor cells in the lymph nodes arranged in dis-
order, with no exact morphological structure, in 

Figure 6. HMGA2 silencing or inhibition of the ATR/Chk1 signaling pathway inhibited migration and invasion of 
cervical cancer cells. Notes: In the HeLa cell line, the scratch test (A) and migration rate (C) indicated that caf-
feine reduced cervical cancer cell migration ability; moreover, Transwell assay (E) and number of invasion cells (G) 
demonstrated reduced cervical cancer cell invasion in response to caffeine; RT-qPCR (I) and western blot analysis 
(J, K) suggested that expression of metastasis-related genes (MMP-2, MMP-9) was decreased; In the HMGA2-KD-
HeLacell line, the scratch test (B) and migration rate (D) indicated that pcDNA-HMGA2 promoted cervical cancer cell 
migration ability; moreover, Transwell assay (F) and number of invasion cells (H) demonstrated increased cervical 
cancer cell invasion; RT-qPCR (L) and western blot analysis (M, N) suggested that expression of metastasis-related 
genes (MMP-2, MMP-9) was increased; *, P<0.05 vs. the blank group; the migration distance is measurement 
data, expressed by mean ± standard deviation; the number of cell invasion is enumeration data; comparison in the 
migration distance and invasion ability was performed by one-way ANOVA; the experiment was repeated 3 times.



Role of HMGA2 in CC via ATR/Chk1 signaling

3049	 Am J Transl Res 2018;10(10):3036-3052

round shape; the nuclei were large and in 
abnormal shape; the chromatin were in deep 
color, and the heterogeneity was obvious. It 
was confirmed that the tumor cells of the lym- 
ph nodes were derived from the transplanted 
HeLa cells, and cells of such type were regard-
ed as positive metastasis of lymph node and 
the number of positive lymph node was record-
ed (Figure 8): there was no significant differ-
ence regarding the number of lymph node me- 
tastasis between the blank and NC groups (P> 
0.05); in comparison to the blank group, the 
metastasis number of lymph node was reduc- 
ed in the caffeine group (P<0.05), but elevated 

in the BCNU group (P<0.05), and there was no 
remarkable difference in terms of the number 
of lymph node metastasis in the sh-HMGA2 + 
BCNU group (P>0.05). According to the above 
findings, HMGA2 silencing or inhibition of the 
ATR/Chk1 signaling pathway inhibited lymph 
node metastasis of CC cells.

Discussion

CC has been considered as one of the ma- 
jor causes of cancer-related death in female 
across the world [23], and many CC patients 
suffer from early cancer metastasis, leading to 

Figure 7. HMGA2 silencing or inhibition of the ATR/Chk1 signaling pathway inhibited tumorigenicity of cervical can-
cer in nude mice. Notes: (A) Pictures of resected tumors from nude mice of different groups; the tumor volume 
(B) and weight (C) of nude mice was decreased in response to caffeine transfection and increased in response to 
BCNU; *, P<0.05 vs. the blank group; the data were expressed as mean ± standard deviation; the data among mul-
tiple groups were compared using one-way ANOVA; values obtained at different time points were compared using 
repeated-measures analysis of variance; the experiment was repeated 3 times.

Figure 8. HMGA2 silencing or inhibition of the ATR/Chk1 signaling pathway inhibited lymph node metastasis in 
xenografts of nude mice. Notes: (A) Based on HE staining (A, 400 ×) and the number of positive lymph nodes (B) 
indicated that lymph node metastasis in xenografts of nude mice was reduced in response to caffeine transfection 
and increased in response to BCNU; *, P<0.05 vs. the blank group; the data of positive lymph nodes were were 
measurement data, expressed by mean ± standard deviation; the data of different groups were analyzed by one-way 
ANOVA; the experiment was repeated 3 times.
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poor treatment outcomes after resection of pri-
mary cancer [24]. Evidence has been provided 
that HMGB1 is regulatory for the viability and 
proliferation of CC cell lines, and HMGB1 silenc-
ing reduces the clonogenic capacity of HPV-
positive CC cell lines [23]. Thus, we took the 
aim at the role of HMGA2 in CC cell biological 
functions through regulating the ATR/Chk1 sig-
naling pathway, and proposed that repression 
of HMGA2 is conducive to inhibiting the pro-
gression of CC through the inhibition of the 
ATR/Chk1 signaling pathway. 

In this study, we found that HMGA2 was in  
high expression in CC. HMGA2, forming a part 
in the high mobility group (HMG) protein family, 
is a non-histone chromosomal protein [25, 26]. 
HMGA regulates gene transcription via inter- 
action with different transcription factors and 
the chromatin structure [27], and is a well-
known regulator of cell differentiation, apopto-
sis, growth, and DNA repair [28, 29]. Abnormal 
expression of HMGA2 enhances cancer inva-
sion, metastasis, and EMT by triggering the 
transforming growth factor beta (TGFβ) and 
Wnt/β-catenin signaling pathways [30]. HMGA2 
has been found not only upregulated in both 
the early and late stages of high-grade serous 
ovarian carcinoma, but also overexpressed in 
ovarian cancer, and its overexpression is inter-
related with advanced stage tumors, distant 
metastasis and undesirable results in various 
carcinomas [29]. A study reported that the 
repression of HMGA2 expression inhibits cell 
proliferation, and results in apoptosis in thor-
oughly-differentiated liposarcoma cells; addi-
tionally, HMGA2 mRNA expression from prima-
ry tumors shows an upward change in primary 
lung cancers, indicating that HMGA2 can serve 
as an influential therapeutic target in the lung 
and other cancers featured with upregulated 
HMGA2 expression [31].

Another significant finding of the current study 
is that suppression of ATR/Chk1 signaling path-
way repressed cell apoptosis, invasion and 
migration. ATR shares similarity in sequence to 
lipid kinases of thePI3K family, and phosphory-
lates protein substrates [32]. ATR functions as 
a key role in the DNA damage response path-
ways [19]. ATR and its correspondent down-
stream targets are activated in response to UV 
and agents that suppress DNA replication forks 
[33, 34]. Likewise, Chk2 is regarded as a tumor 

suppressor in relation to apoptosis regulation 
with or without the involvement of ATM in that 
when phosphorylated, activated Chk2 phos-
phorylates the tumor suppressor gene p53 and 
multiple Cdc25 molecules that can negatively 
regulate the activation of kinases depending on 
cyclin, which may help to explain the potential 
mechanism [35]. The ATR/Chk1 signaling path-
way is commonly upregulated in cancers and 
promotes tumor growth; furthermore, ATR and 
CHK1 inhibitors are able to kill tumor cells [18]. 
Through inhibiting Chk1 by multiple genotoxic 
agents, DNA damage and replication check-
point responses are repressed, which leads to 
enhanced tumor cell killing [36].

In addition, available evidence was presented 
in our study, suggesting that HMGA2 activated 
the ATR/Chk1 signaling pathway, by which me- 
chanism CC cell proliferation, migration, inva-
sion, EMT and lymph node metastasis were 
promoted. HMGA2 overexpression has been 
recognized to be closely associated with vari-
ous malignant tumors [26] and tightly linked  
to poor metastasis and prognosis [14, 37]. 
Nevertheless, HMGA2 is not indispensable for 
ATR-Chk1 interaction in human cancer cells, 
increased and sustained ATR and Chk1 phos-
phorylation depends on HMGA2, indicating a 
crucial role for HMGA2 in modulating the activ-
ity of the ATR-Chk1 signaling complex [19]. 
Chk1 is a potent target for anticancer therapy 
and many Chk1-selective inhibitors are involved 
in various stages of clinical treatments [38, 
39]. 

Collectively, in the present study, we indicated 
that silencing of HMGA2 gene inhibited the 
ATR/Chk1 signaling pathway, so as to suppre- 
ss EMT, proliferation, migration and invasion of 
CC cells as well as the lymph node metastasis. 
Based on the in-vitro results demonstrated in 
this study, further studies are needed to inves-
tigate the expression profile of HMGA2 in pa- 
tient samples, in order to find the correlation of 
HMGA24 with tumorigenesis, metastasis and 
prognosis and reveal the potential therapeutic 
target of HMGA2.
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