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Abstract

FAM3B mRNA has been predicted to have multiple splicing forms. Its secretory form PANDER is
decreased in gastric cancers with high invasiveness and metastasis. Here we found that its non-
secretory form FAM3B-258 was highly expressed in most colon cancer cell lines and colorectal
adenocarcinoma tissues but not hepatocellular carcinoma, lung carcinoma and pancreatic
adenocarcinoma cell lines. Elevation of FAM3B-258 was associated with poor cancer cell
differentiation. Stable overexpression of FAM3B-258 in colon cancer cells downregulated
adhesion proteins, upregulated Slug and Cdc42, promoted cell migration and invasion /in vitro and
metastasis in nude mice. Slug mediated FAM3B-258-induced downregulation of adhesion
molecules, upregulation of Cdc42, and invasion of colon cancer cells. The expression of
FAM3B-258 in human colorectal adenocarcinomas was positively correlated with Slug. These
results suggest that FAM3B-258 promotes colon cancer cell invasion and metastasis through
upregulation of Slug.
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Introduction

Colorectal cancer is the third most common cancer in men and the second in women. The
incidence of colorectal cancer in China is lower than that in western countries, but has
increased in recent years, particularly in more developed areas [1]. Although there is good
evidence demonstrating reduced morbidity and mortality resulted from early detection of
invasive lesions and precursor adenomatous polyps for which surgical resection is highly
effective [2], most colorectal cancers are diagnosed at an advanced stage. Metastasis is the
cause of death in most colorectal cancer cases. Therefore, a better understanding of
biological events contributing to colorectal cancer progression, especially those facilitating
tumor invasion and metastasis, will yield novel targets for diagnosis and therapy.

Classical metastasis involves a series of steps which enable cancer cells spread from primary
tumor to distant sites. In this process, cancer cells acquire the ability to migrate which will
facilitate invasion to tissues and vessels. E-cadherin is a transmembrane protein which is
mainly responsible for adherens junction between epithelial cells via complex formation
with catenins [3]. Many studies demonstrate that loss of E-cadherin is associated with the
development of invasive properties of colorectal cancer cells [4,5]. Studies on colon cancer
cases show an overall decrease in the expression of E-cadherin compared to adjacent normal
mucosa [6,7]. Several zinc-finger transcription factors, including Snail, Slug, ZEB1 and
ZEB?2, have been found binding to E-boxes of E-cadherin promoter and repressing E-
cadherin expression [8-11]. However, the regulation of these transcription factors in
colorectal cancer is poorly understood.

FAM3B belongs to FAM3 family which is a novel cytokine-like gene family identified in
2002 through searching for novel four-helix-bundle cytokines using structure-based
methods. There are four members in this gene family (FAM3A, FAM3B, FAM3C and
FAM3D) [12]. Most of the studies of FAM3B are focused on its secreting form PANDER
(pancreatic-derived factor). PANDER is expressed at high levels in pancreatic a and B cells
[12,13], and has been reported to be involved in regulation of B cell function under
pathophysiological conditions [14-17] and in high fat diet induced fatty liver [18].
According to the NCBI Ace View database (http://www.ncbi.nlm.nih.gov/IEB/Research/
Acembly/), human FAM3B mRNA has been predicted to have at least 7 alternative splicing
variants. The mRNA encoding PANDER is one of them. The mRNA levels of PANDER are
decreased in human gastric cancer tissues compared with normal gastric tissues [19,20].
Lower PANDER mRNA level in gastric cancer tissues was associated with deeper tumor
invasion [20], suggesting that decreased expression of PANDER might be involved in gastric
cancer initiation and progression. However, the functions of the proteins encoded by the
other FAM3B mRNA isoforms are not clear.

In this study, we examined the mRNA levels of FAM3B mRNA variants in 6 colon
adenocarcinoma cell lines, and found that one of the splicing forms of FAM3B mRNA,
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which consists of 940 bp nucleic acids and is predicted to encode a non-secretory protein
with 258 amino acid residues, is highly expressed in most of these cell lines. We named this
splicing isoform as FAM3B-258. We found that FAM3B-258 is upregulated in human
colorectal adenocarcinoma tissues compared with paired normal tissues, and overexpression
of FAM3B-258 in colon cancer cell line enhanced cell migration and invasion. We further
explored the mechanisms involved in FAM3B-258-induced cell invasion and examined the
effect of FAM3B-258 on colon cancer cell metastasis in nude mice.

Materials and methods

2.1. Celllines

Human colon adenocarcinoma cell lines, hepatocellular carcinoma cell lines, lung carcinoma
cell lines and pancreatic adenocarcinoma cell lines were obtained from the American Type
Culture Collection (Manassas, VA, USA). HCT116, HT-29, SW480, HepG2 and CFPAC-1
cells were cultured in Dulbecco’s modified Eagle medium (DMEM). HCT-8, SW620,
COLO0205, HL-7702, SMMC-7721, Hep3B, NCI-H1299, A549, Capan-2 and SW1990 cells
were cultured in RPMI 1640. All cell lines were cultured in medium containing 10% FBS,
100 U/ml penicillin and 100 pg/ml streptomycin in a humidified atmosphere with 5% CO» at
37 °C.

2.2. Reverse transcription-PCR and quantitative real-time PCR

Surgically excised colorectal cancer tissues and their corresponding adjacent normal tissues
were obtained from Zhongshan Hospital (Shanghai, China). The tissues were snap-frozen in
liquid nitrogen and stored at —80 °C until mMRNA extraction. Ethical approval was obtained
from the Institutional Review Board of the Institute for Nutritional Sciences, and written
informed consent was obtained from each patient. RNA was extracted from colorectal
cancer samples and cell lines of colon adenocarcinoma, hapatocellular carcinoma, pancreatic
adenocarcinoma using Trizol reagent (Invitrogen, Carlsbad, CA) and depleted of
contaminating DNA with RNase-free DNase. cDNA was synthesized from 2 ug RNA with
M-MuLV reverse transcriptase and oligo (dT) (Fermentas, Burlington, Ontario, Canada).
cDNAs of lung carcinoma cell lines (NCI-H358, NCI-H1371, NCI-H520, NCI-H460, NCI-
H522, NCI-H1437, NCI-H2126) were kindly provided by Professor Hongbin Ji (Institute of
Biochemistry and Cell Biology, SIBS, Chinese Academy of Sciences, China). The PCR
primers specifically targeting FAM3B-258 were: 5'-CCGCCACCAAGTCGTTCA-3’
(sense) and 5’ -TTTGGGTATGCAGCCTTCTATCT-3’ (antisense). The primers for GAPDH
were: 5"-CCACTCCTCCACCTTTGAC-3" (sense) and 5'-ACCCTGTTGCTGTAGCCA-3’
(antisense). PCR products were visualized by ethedium bromide staining in 1% agarose gel.

Quantitative real-time PCR was performed by using 7900HT Fast Real-Time PCR System
(Applied Biosystems Inc., Foster City, CA). Briefly, reverse-transcribed cDNA in duplicate
samples were checked for target mRNA levels with SYBR Green PCR master kit (Applied
Biosystems Inc., Foster City, CA). The PCR reaction consists of an initial denaturation at 95
°C for 10 min followed by 40 cycles of 30 s at 95 °C, 10 s at 60 °C and 30 s at 72 °C, and
finally 10 min at 72 °C. Amplification of the target cDNA was normalized to B-actin
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expression. Relative levels of target mMRNA expression were calculated using the 27AACT
method. The primers for real-time PCR were listed in Supplementary Table 1.

2.3. Stable transfection

The FAM3B-258 coding sequence was amplified from HT-29 cells by RT-PCR and cloned
into pcDNA3.1 between the BamH | and EcoR | sites. The construct was confirmed by
restriction enzyme digestion and sequencing. The PCR primers are: 5’-
CGCGGATCCGGATGAAAAGCCACAGGG-3’ (sense), and 5'-GCGGAATTC
CAGTGTCAGCTTCGTTC-3 (antisense). HCT116 cells were transfected with pcDNA3.1-
FAM3B-258 plasmid or pcDNA3.1 using Lipofectamine 2000 (Invitrogen). Stable
transfectants were selected by treating the cells with 600 pg/ml G418 for about 3—-4 weeks.
Two stable clones highly expressing FAM3B-258, named FAM3B-258-1% and
FAM3B-258-2%, were used in this study.

2.4. RNA interference

The small interfering RNA (siRNA) duplex oligos against Slug (siSlug) was synthesized by
Genepharma (Shanghai, China). The sequence of siRNA against Slug was 5’-
GCAUUUGCAGACAGGUCAATT-3’. The scrambled control siRNA sequence was: 5’-
UUCUCCGAACGUGUCACGUTT-3". HCT116 cells stably expressing FAM3B-258 were
transfected with siSlug or scrambled siRNA with Lipofectamine 2000 (Invitrogen), the
expression of adhesion molecules and cell invasion were examined after 48 h.

2.5. Western blot analysis

Western blot was performed as previously described [21]. The primary antibodies are as
follows: E-cadherin (BD Biosciences), Slug (Santa Cruz, CA), Cdc42 (Cell Signaling,
Beverly, MA) and B-actin (Sigma Aldrich, St. Louis, MO).

2.6. Cell migration and invasion assays

Cell migration was examined using the Boyden chamber. Cells (5 x 105/ml) in medium
supplemented with 0.1% FBS were placed in the upper compartment of a 48-well
microchemotaxis chamber (Neuro Probe, Cabin John, MA). The lower compartment was
filled with medium containing 10% FBS. The two compartments were separated by a
polycarbonate filter (GE Osmonics, Minnetonka, MN; 8 um pore-size) pre-coated with 50
ug/ml collagen type 1. After 7h of incubation at 37 °C, the filters were removed, stained, and
the cells migrated across the filters were counted under light microscope.

For cell invasion assay, cells in serum-free medium were plated on 24-well Transwell inserts
(Costar, Corning, NY) coated with Matrigel. The insert was incubated in a well containing
medium supplemented with 10% FBS for 12 h. The cells that have moved through the pores
to the lower side were stained and counted.

2.7. Experimental tumor metastasis assay

Tumor formation and metastatic ability of FAM3B-258/HCT116 cells or pcDNA3.1/
HCT116 cells were determined by tail vein injection into 6-week-old male nude mice
(BALB/cA-nu/nu, Shanghai Experimental Animal Center, China). After 4 weeks, the

Cancer Lett. Author manuscript; available in PMC 2020 November 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lietal.

Page 5

animals were ether-anesthetized and the lungs were removed and kept in liquid nitrogen.
Frozen sections were stained with hematoxylin/eosin. Lung metastasis was quantified by
counting metastatic lesions from 50 sections (~0.3 mm apart, representing about 50% of a
lung volume) for each animal. Data were expressed as average numbers of metastases per 10
sections. All animals were maintained and used in accordance with the guidelines of the
Institutional Animal Care and Use Committee of the Institute for Nutritional Sciences.

2.8. Statistical analysis

The data represent mean = SD from three independent experiments unless otherwise
indicated. Statistical analyses were performed using Student’s #tests. £< 0.05 was
considered statistically significant.

3. Results

3.1.

FAM3B-258 is highly expressed in human colon adenocarcinoma cell lines and

colorectal adenocarcinoma

We first examined the mRNA levels of FAM3B-258 in various colon adenocarcinoma cell
lines by RT-PCR. As shown in Fig. 1A, most of the cells express FAM3B-258, with higher
levels in COLO205, HCT-8 and SW620 cells, a moderate level in SW480 cells and low
levels in HCT116 and HT-29 cells. We also examined FAM3B-258 mRNA levels in cell
lines derived from other types of cancers, including hepatocellular carcinoma, lung
carcinoma and pancreatic adenocarcinoma cell lines. FAM3B-258 was undetected in all four
hepatocellular carcinoma (Fig. 1B), nine lung carcinoma (Fig. 1C and data not shown) and
three pancreatic adenocarcinoma (Fig. 1D) cell lines examined. These results suggest that
FAM3B-258 is uniquely expressed in most of colorectal cancer cell lines. We then examined
FAM3B-258 expression by real-time RT-PCR in 37 pairs of human colorectal
adenocarcinoma samples, including primary colorectal adenocarcinoma tissues and paired
normal colorectal tissues. We found FAM3B-258 mRNA significantly increased in 27 out of
37 (73%) colorectal tumors compared with the paired normal colorectal tissues (P < 0.001)
(Fig. 1E). Therefore, the mRNA expression of FAM3B-258 was upregulated in most clinical
colon cancer samples and cell lines.

We further analyzed the correlation between FAM3B-258 mRNA levels and clinical and
pathologic characteristics. The increase in FAM3B-258 expression in colorectal
adenocarcinoma is associated with poor tumor differentiation (P = 0.042, Table 1). However,
no significant correlation was identified between FAM3B-258 expression and patient gender,
tumor site, tumor stage and metastasis.

3.2. Overexpression of FAM3B-258 promotes colon cancer cell migration and invasion

To investigate whether FAM3B-258 is involved in colorectal cancer progression, we
developed stable cell clones overexpressing FAM3B-258 with HCT116 cells that had low
level of endogenous FAM3B-258 (Fig. 2A). Overexpression of FAM3B-258 in HCT116
cells (FAM3B-258/HCT116) had no effect on cell proliferation and survival (data not
shown). HCT116 cells transfected with control vector showed epithelial phenotype with
cobblestone-like appearance and tight cell—cell attachment, while FAM3B-258 expressing
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HCT116 cells developed a spindle-like morphology with loose cell-cell connection (Fig.
2B). In order to explore whether the changes of morphology reflect enhanced cell matility,
we examined the effect of FAM3B-258 on colon cancer cell migration and invasion by
Boyden chamber assay and transwell assay, respectively. We found that FAM3B-258/
HCT116 cells exhibited enhanced cell migration (Fig. 2C) and invasion (Fig. 2D) compared
with HCT116 cells transfected with control vector, indicating that overexpression of
FAM3B-258 promotes colon cancer cell migration and invasion.

Effect of FAM3B-258 on the expression of adhesion proteins and related

transcription factors

We next explored the mechanisms underlying FAM3B-258 induced colon cancer cell
migration and invasion. We found that compared with vector transfected HCT116 cells,
FAM3B-258 transfectants expressed lower levels of adhesion molecules E-cadherin and
junctional adhesion molecule (JAM) (Fig. 3A). As transcription factors Snail and Slug
function as E-cadherin transcriptional repressors [8,11], we examined their mRNA levels in
FAM3B-258 and vector transfected HCT116 cells. We found that Slug and Snail
significantly increased in FAM3B-258 expressing cells (Fig. 3A). The alteration of E-
cadherin and Slug expression was also confirmed at protein level (Fig. 3B). However, the
expression of Snail was not changed at the protein level (data not shown).

Rho family small GTPases, such as RhoA, Racl and Cdc42, play pivotal roles in cancer cell
migration and invasion through reorganization of actin cytoskeleton and modulation of cell-
matrix interaction [22,23]. We examined the effect of FAM3B-258 on the expression of
these molecules and found that overexpression of FAM3B-258 in HCT116 cells significantly
induced Cdc42 expression (Fig. 3C). These results suggest that FAM3B-258 may induce
colon cancer cell migration and invasion through upregulating Cdc42.

3.4. FAM3B-258 enhances cell invasion through Slug

We further asked whether Slug is involved in FAM3B-258 induced inhibition of adhesion
molecule expression and promotion of cell migration and invasion. When we knocked down
Slug in FAM3B-258 overexpressing HCT116 cells by RNAI (Fig. 4A), the expression of E-
cadherin and JAM was significantly increased at mRNA level (Fig. 4B and C), and the
expression of Cdc42 was decreased at protein level (Fig. 4D). Meanwhile, knockdown of
Slug inhibited cell invasion (Fig. 4E). These results suggest that Slug mediates FAM3B-258-
induced downregulation of adhesion molecules, upregulation of Cdc42, and invasion of
colon cancer cells. We further examined the correlation between the expression of
FAM3B-258 and Slug in 41 colorectal cancer samples. As shown in Fig. 4F, the expression
of FAM3B-258 in tumor tissues is positively correlated with the level of Slug (= 0.0001).

3 5. Overexpression of FAM3B-258 promotes metastasis of colon cancer cells in vivo

Based on our /n vitroresults that FAM3B-258 overexpression promoted colon cancer cell
migration and invasion, we evaluated the effect of FAM3B-258 on colon cancer cell
experimental metastasis in nude mice. After 4 weeks, mice intravenously injected with
FAM3B-258/HCT116 cells showed higher incidence of lung metastasis with more
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metastatic lesions compared with mice injected with pcDNA3.1/HCT116 cells (Fig. 5).
These results suggest FAM3B-258 promotes metastasis of colon cancer cells /n vivo.

4. Discussion

In this study, we found that FAM3B-258, a splicing isoform of FAM3B, is highly expressed
in colorectal adenocarcinoma. Although we did not detect the expression of FAM3B-258 at
protein level due to the lack of specific antibody against FAM3B-258, we established a
functional role for this protein as a contributing factor to invasiveness of colon cancer cells.
We further demonstrated that the effect of FAM3B-258 is mediated by Slug.

Human FAM3B mRNA has been predicted to have multiple alternative splicing forms. We
found that one splicing isoform of FAM3B mRNA, which we named FAM3B-258, was
expressed by most colon cancer cell lines but not hepatocellular carcinoma, pancreatic
adenocarcinoma and lung carcinoma cell lines examined. These results suggest that
FAM3B-258 is specifically expressed in colorectal cancer cells. Consistent with the results
of colorectal cancer cell lines, we further found that the expression of FAM3B-258 mRNA
was significantly upregulated in human colorectal adenocarcinoma tissues (27/37, 73%) than
in paired normal colorectal tissues. Among the colorectal cancer cell lines, HCT-8,
COL0205 and SW620 express higher levels of FAM3B-258, SW480 expresses medium
level of FAM3B-258, HCT116 and HT-29 cells express relative low levels of FAM3B-258.
COL0205 cell line was derived from metastatic ascites of a colon adenocarcinoma patient.
SW480 was established from a primary colon adenocarcinoma, while SW620 was derived
from a lymph node metastasis of the same patient from which the SW480 cell line was
established. These results suggest that higher expression of FAM3B-258 may associate with
colon adenocarcinoma invasion and metastasis.

By establishing FAM3B-258 stable expressing cells, we found that FAM3B-258 induced cell
morphological changes from epithelial-like to spindle-like, and promoted cell migration and
invasion. Furthermore, we found that FAM3B-258/HCT116 cells had higher incidence of
lung metastasis and more metastatic lesions in nude mice than that of p)cDNA3.1/HCT116
cells. All together, our /n vitroand in vivo results demonstrated that elevation of
FAM3B-258 promotes colorectal cancer cell migration and metastasis. Although the clinical
data from colorectal adenocarcinoma patients showed that there was no correlation between
FAM3B-258 mRNA level and metastasis, we found that the high level of FAM3B-258
mRNA was associated with poor differentiation of the tumor (Table 1). Cancer metastasis
comprises multiple steps, including cancer cell escape from the primary tumor site,
penetration to local stroma, entry into local vascular or lymphatic vessels, interaction with
and adhesion to vascular endothelia, extravasation, recolonization, and expansion [24]. In
primary colorectal cancers, FAM3B-258 may only contribute to some steps of cancer
metastasis, and may work together with other factors to promote cancer metastasis. These
possibilities remain further investigation.

We explored the mechanisms underlying FAM3B-258-induced cell migration and invasion,
and found that elevation of FAM3B-258 inhibited the expression of E-cadherin and JAM. E-
cadherin is a well-studied tumor suppressor which belongs to a family of calcium-dependent
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cell adhesion molecules. Abnormal expression of this protein in a number of colon cancer
cases has been described [25,26]. Recent findings suggest that downregulation of E-cadherin
contributes to tumor cell invasion [27]. JAM (also named F11R) belongs to the junctional
adhesion molecule superfamily. It is also an important regulator of tight junction assembly in
epithelia [28]. Breakdown of cell-cell interactions and downregulation of junctional and
adhesion proteins are believed to be key steps in cancer invasion and metastasis. Therefore,
downregulation of E-cadherin and JAM in colon adenocarcinoma cells by FAM3B-258 may
contribute to enhanced colon cancer cell migration and invasion.

Slug has been reported to be overexpressed in various types of cancers [29]. Elevated
expression of Slug is associated with reduced E-cadherin expression, advanced tumor grade,
lymph node metastasis, and poor prognosis [11,29-32]. Slug expression was shown to be
positive in 37% of cases of primary colorectal cancer, which correlated significantly with
metastasis [33]. Recent studies showed that Slug overexpression in colorectal cancer cells
led to epithelial to mesenchymal transition and enhanced cell migration, invasion, and /in
vivotumor development [31]. In the present study, we found that overexpression of
FAM3B-258 in HCT116 leads to upregulation of Slug and enhancement of cell migration
and invasion. Furthermore, we found that knockdown of Slug in FAM3B-258/HCT116 cells
reduced E-cadherin and JAM expression and inhibited cell invasion. These results
demonstrate that FAM3B-258 promotes cell invasion through Slug dependent inhibition of
E-cadherin and JAM expression. Supporting the /n vitroresults, we found that FAM3B-258
expression in colorectal cancer tissues was positively correlated with the expression of Slug.

Overexpression of Rho GTPases is associated with reorganization of actin cytoskeleton, and
increase in cell migration, invasion and metastasis which are important aspects of cancer
progression [34]. RhoA, Racl, and Cdc42 are the best studied members of small GTPase
family [35,36]. We found that overexpression of FAM3B-258 in HCT116 cells enhanced
Cdc42 expression but had no effect on Rho and Racl expression (data not shown). Thus,
upregulation of Cdc42 may contribute to FAM3B-258-induced colon cancer cell migration
and invasion. A positive association between higher Cdc42 and lower E-cadherin expression
has been reported in lung cancer tissues, and this abnormal expression profile is associated
with tumor progression [37]. As we observed that upregulation of Cdc42 by FAM3B-258
was in company with Slug-dependent E-cadherin downregulation, we then examined if
Cdc42 is also a downstream effector of Slug in FAM3B-258/HCT116 cells. We found for
the first time that FAM3B-258 upregulated Cdc42 expression through Slug. Overall, our data
suggest that FAM3B-258 promotes colorectal cancer cell migration and invasion through
Slug mediated downregulation of E-cadherin and JAM and upregulation of Cdc42.

Multiple signaling molecules have been reported to be involved in regulation of Slug
expression. The promoter region of Slug has E-boxes and binding sites for activator protein
1 (AP1), Smad, and LEF1/T cell factor [32]. Twistl directly binds to E-box on the Slug
promoter to induce Slug transcription [38]. ERK-Fra-1/c-Jun signaling pathway regulates
breast cancer cell migration through AP1 dependent upregulation of Slug expression [39].
Transforming growth factor-p (TGFp) induces Slug expression through binding of Smad
complex to the promoter of Slug [40]. Wnt signaling activates the T cell factor-B-catenin
complex which binds directly to the promoter of Slug and actives Slug expression [41]. We
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found that overexpression of FAM3B-258 in HCT116 cells had no effect on the mRNA
levels of Twist, MEK, Jun and TGFp, on the phosphorylation of ERK and Smad 2, and on
the translocation of B-catenin into nucleus. Treatment of FAM3B-258/HCT116 cells with
MEK inhibitor had no effect on Slug expression (data not shown). These results suggest that
Twist, ERK, Wnt signaling and TGFB-Smad signaling may not be involved in FAM3B-258
induced Slug upregulation. Whether S/ug is a direct target of transcriptional activation by
FAM3B-258 or whether other signaling molecules are situated between them as part of a
regulatory cascade remains further investigation.

In addition to transcriptional regulation, Slug is also regulated at posttranslational level.
Wild-type p53 has been reported to facilitate Slug degradation through upregulation of
MDM?2 [42]. We found that overexpression of FAM3B-258 in HCT116 cells had no effect
on p53 expression at both mMRNA and protein levels (data not shown), indicating that
FAM3B-258 upregulates Slug through p53 signaling independent pathway.

In summary, our results show that FAM3B-258 is highly expressed in most colorectal
adenocarcinomas. Elevation of FAM3B-258 promoted colon cancer cell migration and
invasion through Slug dependent downregulation of E-cadherin and JAM. Slug-dependent
enhancement of Cdc42 expression by FAM3B-258 may also contribute to colon cancer cell
migration and invasion (Fig. 6). Although due to the higher sequence similarity among
FAM3B variants we could not design specific siRNA against FAM3B-258 and utilize RNAI
to get reverse results of FAM3B-258 overexpressing cells, our in vitroand in vivo studies
with FAM3B-258 overexpressing cells, and clinical data strongly support that FAM3B-258
plays an important role in invasion and metastasis of colon cancer cells. Our findings
provide new insights into the progression of colorectal cancer and potential therapeutic
targets against this disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Expression profile of FAM3B-258 in human cancer cell lines and colorectal adenocarcinoma

samples. RT-PCR analysis of FAM3B-258 expression in human colorectal adenocarcinoma
cell lines (A), human hepatocellular carcinoma cell lines (B), human lung carcinoma cell
lines (C) and human pancreatic adenocarcinoma cell lines (D). The expression of
FAM3B-258 in HCT-8 cells was used as a positive control in B-D. GAPDH was used as an
internal control. (E) Expression of FAM3B-258 mRNA in 37 paired colorectal
adenocarcinomas and normal colorectal tissues was examined by real-time RT-PCR. T:
tumor samples; N: matched normal tissues.
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Fig. 2.
Overexpression of FAM3B-258 enhances cell migration and invasion. HCT116 cells stably

transfected with pcDNA3.1 (vector) or FAM3B-258 expression plasmid (FAM3B-258-1%
and FAM3B-258-2%) were examined for FAM3B-258 mRNA by RT-PCR (A). (B) The
representative phase-contrast images of these cells. Scale bar = 60 pm. (C) Cell migration
was measured with Boyden chamber assay. (D) Cell invasion was examined with transwell
invasion assay. Data are mean £ SD, =3, *£<0.05, **£< 0.01 vs. cell migration or
invasion of pcDNA3.1/HCT116 cells. The representative pictures of cell migration and
invasion were shown on the top panel of C and D, respectively. C and D: Scale bar = 100
pm.
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Overexpression of FAM3B-258 in HCT116 cells alters adhesion protein and related
transcription factor expression. (A) HCT116 cells stably transfected with pcDNA3.1 (vector)
or FAM3B-258 expression plasmid (FAM3B-258-1# and FAM3B-258-2%) were examined
for mRNA levels of E-cadherin and junctional adhesion molecule (JAM), as well as
transcriptional factors Slug and Snail by real-time RT-PCR. The expression of E-cadherin,
Slug (B) and Cdc42 (C) at protein level was examined by Western blot. A: data are mean +
SD of three independent experiments. FAM3B-258 mRNA was normalized with that of B-
actin. *P<0.05, **P< 0.01 vs. pcDNA3.1/HCT116 cells. B and C: the experiments were
performed at least 3 times and the representative results are shown.
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R=0.55827
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FAM3B-258

FAM3B-258 enhances cell invasion through Slug. FAM3B-258/HCT116 cells were
transfected with nonspecific siRNA (siNS) or Slug specific sSiRNA (siSlug). After 48 h, the
expression of Slug and Cdc42 was determined by Western blotting (A and D); E-cadherin
and junctional adhesion molecule (JAM) mRNA levels were determined by real-time RT-
PCR (B and C); cell invasion was examined with transwell assay (E, the upper panel showed
the representative images of cell invasion, scale bar = 100 pm). Data are mean + SD of three
independent experiments. *P < 0.05 vs. FAM3B-258/HCT116 cells transfected with siNS.
(F) mRNA levels of FAM3B-258 and Slug were examined in 41 human colorectal cancer
tissues and analyzed for the correlation between FAM3B-258 mRNA level and that of Slug
using SPSS13.0 by Pearson’s correlation coefficient.
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Overexpression of FAM3B-258 promotes establishment of metastases of colon cancer cells
in vivo. FAM3B-258/HCT116 cells (FAM3B-258-2%) or pcDNA3.1/HCT116 cells (vector)
were inoculated intravenously into athymic nude mice and assessed for lung metastasis after
4 weeks. (A) Incidence (top) and mean numbers of lung metastases (bottom, mean + SD, *P
< 0.05 vs. vector). (B) Representative images from histological assessment of lungs with
H&E staining. Metastatic lesions were indicated by arrow. Scale bar = 100 um.
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Schematic summary of FAM3B-258-induced colorectal cancer cell migration and invasion.
Elevation of FAM3B-258 in colorectal cancer cells upregulates Slug expression which in
turn represses the expression of E-cadherin and junctional adhesion molecule (JAM), and
enhances the expression of Cdc42. Alterations in these molecules ultimately lead to
enhanced migration and invasion of colon cancer cells.

Cancer Lett. Author manuscript; available in PMC 2020 November 02.



Page 18

Lietal.

‘siajaweled o160]oyed pue [ea1UID YIIM S|ans] YN HW 85Z-9EINYH 4O SUOIR|S1I00 8y} 8zAeur 0} pawioiad Sem 1UaI01}J809 UOITR|a1I00 YUkl S, Ueweads ‘a1emijos [eansiels 0'sT SSds buisn

“JuealIUBIS A|[eonsIels paapISu0d Sem G0'0 >d

*

¢6€°0

Evr'o

7580

L2P00

0040

0040

(o
(Lge) s
(8L2)s

(o

(oo z
(00e) €
(Lza)s

(eee) L
(Lom) e
(0s2) T

(T 7
(T28) 6

(Tea)e
(z62) L

(Tea)e
(z62) L

(0001) €

(ev9) 6
(e et
(0001) €

(009) €
(00) L
(€20 11

(2799) ¥T
(ee8) o1
(061 e

(6'88) 8
(6°29) 6T

(692) 0T
(802 L1

(692) 0T
(802 L1

Al

1

1

|

apedb sowny
ZN

N

ON

abe1s N
1

€L

L

abers |

1

1
uolenUaIaKIp Jowny
wnyoey
uojod

ays Jown |
aeway
afelN

1apuss

anend (%) u ‘(0T = u) 852-9€ NV peses Joul-UoN

(%) U ‘(22 = u) 852-9€ NV peses jou|

SOISIIBIOR IBLD [EDIUIID

"sain)ea) o160joyred pue [e2IUIO pUE BLIOUIDIEO0USPE [£10810]09 Ul 8GZ-9EINWH 10 S|aAs] WNYW usamiag diysuoie|ay

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Cancer Lett. Author manuscript; available in PMC 2020 November 02.



	Abstract
	Introduction
	Materials and methods
	Cell lines
	Reverse transcription-PCR and quantitative real-time PCR
	Stable transfection
	RNA interference
	Western blot analysis
	Cell migration and invasion assays
	Experimental tumor metastasis assay
	Statistical analysis

	Results
	FAM3B-258 is highly expressed in human colon adenocarcinoma cell lines and colorectal adenocarcinoma
	Overexpression of FAM3B-258 promotes colon cancer cell migration and invasion
	Effect of FAM3B-258 on the expression of adhesion proteins and related transcription factors
	FAM3B-258 enhances cell invasion through Slug
	Overexpression of FAM3B-258 promotes metastasis of colon cancer cells in vivo

	Discussion
	References
	Fig. 1.
	Fig. 2.
	Fig. 3.
	Fig. 4.
	Fig. 5.
	Fig. 6.
	Table 1

