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Abstract

Colorectal cancer (CRC) is the third leading cause of cancer-related deaths and a major

health problem. High mobility group box 3 (HMGB3), a member of the high-mobility group

box (HMGB) family, was reported to be over-expressed in gastric carcinoma and bladder

cancer. However, the function of HMGB3 in CRC remains unclear. Here, we found that

HMGB3 was up-regulated in CRC at both mRNA and protein levels. qRT-PCR results

showed that high expression of HMGB3 had positive correlation with serosal invasion,

lymph metastasis, and tumor–node–metastasis (TNM) stage in CRC patient. Functional

experiments showed that HMGB3 can promote CRC cells proliferation and migration in

vitro. Moreover, we found HMGB3 can active WNT/β-catenin pathway to increase the

expression level of c-Myc and MMP7. These results may be the reason for HMGB3 onco-

gene role in CRC. In summary, our data indicated that HMGB3 may serve as an oncoprotein

and could be used as a potential prognostic marker in CRC.

Introduction

Colorectal cancer (CRC) is a common malignant tumor in the digestive system [1]. In recent

years, the incidence of CRC is increasing year by year. Approximately 1.2 million patients

worldwide are diagnosed with CRC each year, and more than 600 thousand patients died

directly or indirectly of CRC [2–4]. Early signs of CRC are not obvious, symptoms often

appear late and prone to metastasis, then the prognosis is poor [5]. This is the main reason for

the high mortality rate. Therefore, it is imperative to identify diagnostic factor for CRC in early

stage and investigate their functions in CRC.

High mobility group box 3 (HMGB3) is a member of the high-mobility group box (HMGB)

family, which including HMGB1, HMGB2, HMGB3, HMGB4 [6]. The HMG-Box subfamily

plays an important role in DNA replication, transcription, recombination and repair [7–9].

HMGB3 was 80% identity with HMGB1 and HMGB2 [6], suggests similar functions at the
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molecular level. HMGB1 and HMGB2 have been reported played an important role in cancer

[10–13]. Furthermore, previous studies have shown that HMGB3 participated in some types of

cancers progression, such as urinary bladder cancer, esophageal squamous cell cancer, gastric

cancer, non-small cell lung cancer, breast cancer [14–18]. However, the expression and role of

HMGB3 in human CRC remain unclear. Therefore, in this study we will detect HMGB3 expres-

sion level in CRC, determine the relationship between HMGB3 expression and clinical patho-

logical parameter, analyze the function and molecular mechanism of HMGB3 in growth and

migration of CRC.

Materials and methods

Clinical specimens and cell lines

Human colorectal cancer tissues and paired normal colorectal mucosa tissues were collected

from Nanfang Hospital, Southern Medical University (Guangzhou, China), and written

informed consent was obtained from all patients or their relatives. All the human work was

approved by the Medical Ethics Committee of Nanfang Hospital, Southern Medical Univer-

sity. The tissue specimens were frozen in liquid nitrogen and stored at -80˚C. The CRC cell

lines used in this research were obtained from ATCC and cultured in RPMI 1640 (Hyclone)

supplemented with 10% fetal bovine serum (FBS) (Gibco) at 37˚C with 5% CO2.

RNA extraction and qRT-PCR

TRIzol reagent (Takara) was used to extract tissues and cells RNA according to the manufactur-

er’s instructions. Reverse Transcription Kit (Takara) was used to transcribe RNA to cDNA.

Quantitative real-time PCR (qRT-PCR) analyses were performed with SYBR GreenⅠ(Takara) in

triplicates. qRT-PCR was used to analyse the expression level of HMGB3 in CRC. HMGB3

expression was normalized to GAPDH and the results were presented as the fold-change in

tumor tissues relative to the matched adjacent normal tissues. Formula Folds = 2-ΔΔCt was used

to calculate relative expression levels of HMGB3 in tissues. ΔCt values were used to compare

expression level of HMGB3 in tumor and control group. ΔCt = CtHMGB3 –CtGAPDH, ΔΔCt =

ΔCtTumor –ΔCtNormal.. The HMGB3 primers are listed as follows. The forward primer50- AT
TCGGAATTCCGTATCTGGCCTTTTGAC-30 and the reverseprimer50- CGGTTACTCGG
CTTACGCTTGGACTG-30; GAPDH was used as an internalcontrol.The primers
for GAPDH were 50-GACTCATGACCACAGTCCATGC-30 and 50- AGAGGCAGGGATGATG
TTCTG -30.

Immunohistochemistry (IHC)

The primary tumors were immunostained for HMGB3 as previously described [19]. The

HMGB3 index was calculated as that the number of HMGB3 positive cells divided by the num-

ber of total cells ×100% (magnification, ×200).

Construction of plasmids and transfection

Lentiviral constructs repressing HMGB3 was purchased from Genechem (Shanghai, China)

and were used to establish cells lines constitutively repressing HMGB3. The nucleotide

sequences of siRNA for HMGB3 were listed as following. Sense 5’-GACUAUAAGUCGAAA
GGAATT-3’,antisense5’-UUCCUUUCGACUUAUAGUCTT-3’. The full length of

HMGB3 was amplified by PCR using cDNA from non-tumour colorectal mucosal tissues,

then cloned into pcDNA3.0 vectors. Cells were transfected with plasmids using Lipofectamine

2000 (Invitrogen).

The role of HMGB3 in colorectal cancer
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Cell proliferation, colony formation and transwell assays

The proliferation, plate colony formation, invasion, and migration of transfected CRC cells

were examined as previously described [20].

Flow cytometry

The cells were harvested after transfecting 24 later. Fluorescein isothiocyanate (FITC) Annexin

V and propidium iodide were used to stain cells according to the FITC Annexin V Apoptosis

Detection Kit (BD Biosciences) protocol. Then, a flow cytometric analysis was used to deter-

mine the cells number in G0–G1, S, and G2–M phases.

Western blot assay (WB)

Western blot was performed as previously described [21]. Antibodies of HMGB3, β-catenin,

c-Myc, MMP7, GAPDH, β-actin was purchased from Abcam. Protein expression level of

HMGB3, β-catenin, c-Myc, MMP7 was normalized to GAPDH or β-actin and quantified

using Image J software.

TOP-Flash WNT reporter

The activity of the WNT pathway was examined using a TOP-Flash luciferase reporter. Cells

were co-trasfected with 250ng TOP-FLASH or FOP-FLASH and 25ng pRL-SV40 plasmid.

Luciferase activity was measured by the Dual-Luciferase Reporter Assay System (Promega).

The ratios of TOP/FOP were calculated and used as indicators of WNT signaling activity [22].

Statistical analyze

Data was analyzed by SPSS 20.0 Statistical software. Quantitative data was presented as the

mean ± SD of at least 3 independent experiments. The differences between independent exper-

imental groups were tested by using a two-tailed Student’s t-test. Relationships between

HMGB3 expression and clinicopathologic characteristics were determined by χ2 test. Differ-

ences were considered significant if p< 0.05: �, p< 0.05; ��, p< 0.01; ���, p< 0.001.

Results

Increasing of HMBG3 correlated with CRC progression

To investigate the role of HMBG3 in CRC tumorigenesis, the expression levels of HMBG3 were

determined in 34 paired CRC tissues and adjacent normal counterparts by qRT-PCR. HMGB3

expression was normalized to GAPDH and the results were presented as the fold-change in

tumor tissues relative to the matched adjacent normal tissues in Fig 1A. Formula Folds = 2-ΔΔCt

was used to calculate relative expression levels of HMGB3 in tissues. ΔCt = CtHMGB3 –CtGAPDH,

ΔΔCt = ΔCtTumor –ΔCtNormal.. Paired-samples t test was used to analyse ΔCt values of tumor

and control group in Fig 1B. The results revealed HMBG3 expression was increased in 28 of 34

CRC specimens (P< 0.05) (Fig 1A and 1B). We next divided the level of HMBG3 into a high-

expression group (n = 18) and a low-expression group (n = 16) by the median of HMBG3

expression level and examined the relationship between HMBG3 expression levels and the clini-

copathological characteristics of the tumor tissue samples. Correlation analysis showed that

HMBG3 expression was positively associated with serosal invasion, lymph metastasis, and

tumor–node–metastasis (TNM) stage in CRC (Table 1). In addition, western blot assay was

used to determine the protein level of HMGB3 in 7 paired CRC tissues. The results showed the

protein expression of HMGB3 in CRC tissues was higher compared with paired adjacent

The role of HMGB3 in colorectal cancer
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Fig 1. Expression levels of HMGB3 mRNA and protein are increased in CRC tissues. (A) qRT-PCR analysis of HMGB3

expression in 34 paired CRC tissues and adjacent normal tissues. HMGB3 expression level was normalized to GAPDH and the

results were presented as the fold-change in tumor tissues relative to the matched adjacent normal tissues. Error bars indicate

mean ± standard deviation of 3 independent experiments. (B) The value of ΔCt was used to show the expression level of HMGB3

(ΔCt = CtHMGB3 –CtGAPDH) in the 34 paired human CRC tissues (T) and adjacent normal tissues (N) (p < 0.05). The differences

The role of HMGB3 in colorectal cancer
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normal tissues detected by western blot (P<0.05). Among them, the protein level of HMGB3 of

6N is higher than 6T. Probably because of protein degradation, and may also be due to individ-

ual differences in the patient (Fig 1C). We further confirmed HMGB3 protein expression level

was up-regulated in 50 pair CRC tissues compared with adjacent normal tissues by using IHC

assay (P<0.001) (Fig 1D).

HMGB3 promotes CRC cell lines proliferation and migration in vitro

To gain insight into the function of HMGB3 in CRC progression, we generated stable cell lines

for HMGB3 over-expression or knockdown. According to the results of HMGB3 expression

level in CRC cell lines (Fig 2A), we choose SW480 and HCT116 which have lower expression

between tumor group and normal group were tested by using a Paired-samples t-test. (C) Western blot analysis of HMGB3 protein

expression in seven pair CRC tissues compared with the normal tissues. The differences between tumor group and normal group

were tested by using a Independent-Samples t-test. (D) Representative HMGB3 staining in CRC specimens. Left, normal tissue,

Scale bars = 50 μm. Middle, CRC tissues, Scale bars = 50μm. Right, CRC tissues, Scale bars = 20 μm. The HMGB3 index was

calculated as that the number of HMGB3 positive cells divided by the number of total cells ×100% (magnification, ×200). The

differences between tumor group and normal group were tested by using a Independent-Samples t-test. Error bars represent the

mean ± SD of 5 different fields. ***, p < 0.001.

https://doi.org/10.1371/journal.pone.0179741.g001

Table 1. Clinicopathologic characteristics of HMGB3 expression in CRC patients.

Clinicopathological variables Expression of HMGB3

P ValueLow expression High expression

N 16 18

Gender

Male 11 16 0.327

Female 5 2

Agea

<52 6 10 0.214

�52 10 8

Tumor Size(cm)b

<4 6 7 0.607

�4 10 11

Differentiation

well 6 7 0.607

Moderate or poor 10 11

Serosal Invasion

Yes 5 14 0.014

No 11 4

Lymph Metastasis

Yes 6 14 0.035

No 10 4

TNM classification

Ⅰ-Ⅱ 13 2 0.012

Ⅲ-Ⅳ 3 16

a Group of age was performed according to median.
b Tumor size was grouped according to median.

The tumor samples were divided into a high-expression group (n = 18) and a low-expression group (n = 16) by the median of HMBG3 expression level and

χ2 test was used to examine the relationship between HMBG3 expression levels and the clinicopathological characteristics of the tumor tissue samples.

https://doi.org/10.1371/journal.pone.0179741.t001
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Fig 2. HMGB3 promote CRC cells proliferation and migration in vitro. (A) qRT-PCR analysis of HMGB3 expression in six CRC

cell lines. The differences between independent experimental groups were tested by using Independent-Samples t-test. Error bars

The role of HMGB3 in colorectal cancer
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level to establish stable cell lines over-express HMGB3, SW620 and HT29 which have higher

expression level to establish stable cell lines inhibiting HMGB3 expression (Fig 2B). Cell

Counting Kit-8 (CCK8) proliferation assays showed that inhibition of HMGB3 expression

level decreased cell growth. Inversely, SW480-pcDNA3.0-HMGB3 and HCT116-pcDNA3.0-

HMGB3 cells showed higher proliferative capacity compared with that of negative control

(NC) cells (Fig 2C). Similarly, colony formation capacity was suppressed after knockdown of

HMGB3 (Fig 2D). Furthermore, flow cytometry showed that the down-regulation of HMGB3

in SW620 and HT29 cells significantly increased the proportion of cells in G0/G1 phase, while

decreased the proportion of cells in S phase (Fig 2E). Transwell and wound healing assay were

used to determine cell motility, the results revealed that repression of HMGB3 could attenuate

the migration of SW620 and HT29 cells. Inversely, SW480-pcDNA3.0-HMGB3 and HCT116-

pcDNA3.0-HMGB3 cells showed higher migratory ability compared with that of NC cells (Fig

2F and 2G).

HMGB3 regulates the genes expression of WNT/β-catenin pathway

To examine how HMGB3 is playing a role in CRC progression. We determine the protein

expression levels of WNT pathway such as β-catenin, c-Myc and MMP7. The result showed

the protein level ofβ-catenin, c-Myc and MMP7 was increased after up-regulating the expres-

sion of HMGB3 (Fig 3A). On the contrary, the protein level of these genes was decreased after

knocking down the expression of HMGB3 (Fig 3B). We hypothesized that HMGB3 could

modulate Wnt/β-catenin signaling. To test the hypothesis that HMGB3 plays an important

role in activating WNT signaling, we used a TOP-Flash luciferase assay and observed that

down-regulation of HMGB3 inhibited WNT/β-catenin pathway activity. On the other hand,

over-expression of HMGB3 up-regulated WNT/β-catenin signaling activity (Fig 3C). Further-

more, we found that inhibition of β-catenin abolished the promoting effect of HMGB3 in

WNT pathway target genes protein expression level (Fig 3D).

Discussion

CRC is a major health problem as it constitutes the third leading cause of cancer-related

deaths. As other malignant tumors, the mechanism for CRC progression remains unclear. Pre-

vious studies have suggested HMGB3 involved in many carcinogenesis and progression. Such

as gastric cancer [16,22], leukemia [23], breast cancer [18], and lung cancer [17]. But little is

known about the function of HMGB3 expression in CRC. In this study, we investigated

HMGB3 expression, function and a simple mechanism in CRC. Compared with the normal

group, HMGB3 is pathologically up-regulated in CRC cells and tissues. Moreover, HMGB3

up-regulation in CRC patients is associated with tumor serosal invasion, lymph metastasis,

and TNM classification. Our results indicate that over-expression of HMGB3 may be a

indicate mean ± SD of 3 independent experiments. ***, p < 0.001. (B) qRT-PCR and western blot analyses of HMGB3 mRNA and

protein levels after the transfection of the sh-HMGB3 or HMGB3 plasmid. The differences between independent experimental groups

were tested by using Independent-Samples t-test. ***, p < 0.001. (C) Effects of sh-HMGB3 and oe-HMGB3 on cell proliferation were

determined by CCK8 cell proliferation assay. Error bars represent the mean ± SD of 5 independent experiments. The differences

between independent experimental groups were tested by using Independent-Samples t-test. ***, p < 0.001. (D) The proliferation

ability was determined by colony formation assay of the cell SW620 and HT29 after inhibiting the expression of HMGB3. The bar chart

represents the colony number. Error bars represent the mean ± SD of 3 independent experiments. The differences between

independent experimental groups were tested by using Independent-Samples t-test. **, p < 0.01; ***, p < 0.001. (E) Cell cycle G1

arrest after knocking down HMGB3 measured by flow cytometry. (F) The migration capacity was determind by transwell assays. The

bar chart represents the migration cell numbers. Error bars represent the mean ± SD of 5 different field. The differences between

independent experimental groups were tested by using Independent-Samples t-test. ***, p < 0.001. (G) Effects of sh-HMGB3 or oe-

HMGB3 on cell migration ability were determined by Wound healing assay.

https://doi.org/10.1371/journal.pone.0179741.g002

The role of HMGB3 in colorectal cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0179741 July 5, 2017 7 / 11

https://doi.org/10.1371/journal.pone.0179741.g002
https://doi.org/10.1371/journal.pone.0179741


Fig 3. HMGB3 promotes CRC cell growth and migration through WNT/β-catenin pathway. Western blot was

performed to detect HMGB3, β-catenin, c-Myc, and MMP7 expression after hmgb3 knocking down (A) or up-

regulating (B). Data are mean ± SD for triplicate samples. GAPDH served as the loading control. The differences

between independent experimental groups were tested by using Independent-Samples t-test. (C) Cells were

The role of HMGB3 in colorectal cancer
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common incident in CRC and HMGB3 seems to function as an oncogene during CRC cancer-

genesis and progression.

Additionally, we found that suppression of HMGB3 decreases the ability of CRC cells in

growth and migration. Conversely, increasing of HMGB3 promoted CRC cell proliferation

and invasion. Therefore, the results showed that HMGB3 exerts oncogene effect to promote

cell growth and migration in CRC.

The mechanism of HMGB3 in promoting CRC progression is still uncertain. 90% CRC

showed aberrant activity of WNT/β-catenin signaling. Then, we examined the expression of key

proteins in WNT pathway. We found HMGB3 could up-regulate β-catenin which is a key gene

of WNT pathway and downstream gene c-Myc and MMP7 expression level. We hypothesized

that HMGB3 could modulate Wnt/β-catenin signaling. Then, we examined activity of Wnt/β-

catenin signaling through over-expression or knockdown of HMGB3. The results showed that

HMGB3 could regulate WNT/β-catenin pathway activity. Furthermore, we found that inhibi-

tion of β-catenin abolished the promoting effect of HMGB3. Therefore, we speculated that

HMGB3 promoted CRC cell growth and migration through WNT/β-catenin pathway.

In summary, our results indicate that HMGB3 is a tumor promotor, when inhibit, may sup-

press CRC proliferation and migration. Role of HMGB3 in cancergenesis and development of

CRC relates with regulating activity of WNT/β-catenin pathway. Our results indicate that

HMGB3 may be a promising therapeutic target for CRC.
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