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ABSTRACT OF THE THESIS 
 

 
 
 

STAT3 Suppresses Invasion of Intestinal Tumor via Down-regulation of SNAI 
 
 

By 
 
 
 

Chang Kyung Kim 
 
 
 

 
Master of Science in Biology 

 
University of California, San Diego, 2011 

 
Professor Eyal Raz, Chair 

Professor Michael David, Co-Chair 
 
 
 Signal transducer and activator of transcription 3 (STAT3) is a 

transcription factor that is involved in various biological processes, such as 

growth factor signaling, angiogenesis and apoptosis. It has been suggested that 

constitutive activation of STAT3 in tumor cells contribute to inducing cell 

proliferation and preventing apoptosis. Due to the role of STAT3 in tumor 

progression and metastasis in nearly 70% of solid and hematological tumors, 

STAT3 has been implicated as a prominent molecular target for cancer 

treatment. Apcmin/+ mice are widely used mouse model of human colorectal 

cancer, which these mice develop polyps confined in mucosa layer within 7-8 

weeks afer birth. To detrmine the role of STAT3-induced signaling in colorectal 
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cancer, we deleted STAT3 in Apcmin/+ mice. STAT3 deletion induced invasion of 

tumor intestinal epithelial cells (IEC) in Apcmin/+ mice. STAT3 negatively regulates 

an epithelial-mesenchymal transition (EMT) inducer SNAI via spontaneous 

degradation. Furthermore, the deletion of STAT3 in colorectal cancer cell lines 

induced more invasiveness, but deletion in both STAT3 and SNAI suppressed 

CRC cell invasion. Mechanistically, we identified that STAT3 is necessary for 

GSK3β-mediated ubiquitination and proteasomal degradation of SNAI.  

 I acknowledge Dr. Jongdae Lee for guiding and teaching me in carrying 

out experiments and laying down directions. I acknowledge Dr. Eyal Raz for 

providing abundant supports and resources, as well as opportunity to finish the 

thesis. 
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INTRODUCTION 
 

 Colorectal cancer (CRC) is the third most commonly diagnosed cancer 

worldwide. In 2010, 150,000 new cases and 52,000 deaths of colorectal cancer 

were reported in the United States only, and it is the second leading cause of 

cancer death among men in age of 40 or higher in the United States [1]. When 

detected in earlier stages, when the cancer cells are localized in the wall of the 

colon, it can be curable. However, when left untreated, the benign tumor will 

invade through the muscular layer underneath, then to regional lymph nodes. 

The cancer becomes almost incurable when the metastatic tumor cells migrate to 

lymph node and to distant sites in later stages [2,3].  

 Adenomatous polyposis coli (APC) gene is a tumor suppressor gene 

involved in degradation of β-catenin, a key factor of Wnt signaling pathway [4]. 

Mutation in APC is found in 80% of colorectal cancer patients. Also, patients with 

the hereditary condition familial adenomatous polyposis (FAP) have mutations in 

one copy of APC gene, which eventually lead to formations of polyps [5]. The 

Apcmin/+ mouse colorectal cancer model was created to model FAP, where one 

copy of Apc gene is point mutated to produce truncated APC protein [6]. When 

the other copy of the gene is also lost, the mice will develop multiple intestinal 

neoplasia and die within 6 months of age [7]. Apcmin/+ mouse model is widely 

used to study tumor development and progression of colorectal caner, yet unlike 

human colorectal cancer, the tumors in Apcmin/+ mice are mostly found in small 

intestines, and they are confined in the lamina propria in benign form. 
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 Signal transducer and activator of transcription 3 (STAT) is a transcription 

factor that is involved in growth factor signaling, angiogenesis and apoptosis. 

Due to its tight connections to cell proliferation and cellular transformation, it is 

predictable that tumor cells will exploit the functions of STAT3. Evidently, many 

studies suggest that STAT3 is persistently activated in a large number of human 

blood and solid tumors, including leukemias, melanomas, head and neck 

squamous cell carcinoma, breast, prostate and ovarian carcinoma [8]. The 

constitutively activated STAT3 promotes tumor survival and proliferation, as well 

as tumor angiogenesis and immune evasion. Numbers of studies suggest that 

the aberrant activation of STAT3 induced growth arrest and apoptosis in many 

cancer-derived cell lines [10, 11, 12]. Considering that STAT3 is not essential in 

numbers of cell types, STAT3 signaling has been implicated for the next 

molecular target for cancer treatment [9]. 

 In order to study the function of STAT3 in colorectal cancer, we crossed 

Apcmin/+ mice with STAT3ΔIEC mice. Surprisingly, benign intestinal tumor in 

Apcmin/+ mice infiltrated through submucosa layer of intestines when STAT3 was 

knockout. 

 One of the plausible mechanisms for inhibiting tumor invasion is inhibiting 

epithelial mesenchymal transition (EMT). EMT is a well-characterized 

mechanism that plays a role in embryological developments and tumor 

progressions. This mechanism involves repression of epithelial cell markers and 

expression of mesenchymal cell markers, which eventually lead to loss of cell 
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polarity and tight intracellular adhesions [13]. Studies suggest that this process is 

observed when primary epithelial tumor cells become invasive carcinoma cells. 

We determined that when the expression of STAT3 was deleted in IEC, the 

expression of one of the EMT inducers, SNAI.  

 In our study, we investigated the inhibiting role of STAT3 in intestinal 

tumor invasion via down-regulating SNAI.  

 I acknowledge Dr. Jongdae Lee for guiding and teaching me in carrying 

out experiments and laying down directions. I acknowledge Dr. Eyal Raz for 

providing abundant supports and resources, as well as opportunity to finish the 

thesis. 
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METHOD 
 

Reagents and Antibodies: Anti-STAT3, anti-b-catenin, anti-GSK3b, anti-

phospho-GSK3b (Ser9), anti-SNAI, anti-MMP7, anti-MMP8, anti-E-cadherin 

antibodies were obtained from Cell Signaling Technologies (Danvers, MA). Anti-

b-actin came from Sigma (St. Louis, MO). Anti-ubiquitin, anti-MMP14, and anti-

MMP15 antibodies were purchased from Santa Cruz Biotechnology (Santa Cruz, 

CA). Anti-claudin and anti-occludin antibodies were obtained from Lab Vision 

(Fremont, CA).  Anti-vimentin and anti-fibronectin antibodies were obtained from 

BD Biosciences and anti-Twist-1 antibodies were purchased from Aviva Systems 

Biology (San Diego, CA). MG132 was purchased from Sigma. 

 

Mice: Apcmin/+mice were purchased from the Jackson Laboratory. In order to 

generate STAT3 deficiency specifically in IEC in mice, STAT3flox/flox mice (a gift 

from Shizou Akira, Osaka University, Osaka, Japan) were mated to villin-Cre 

mice, which are on a C57BL/6J background (Jackson Laboratory, Bar Harbor, 

ME). All animal protocols received prior approval by the Institutional Animal Care 

and Use Committee.  

 

Cell culture. The human IEC lines RKO and Caco-2 were cultured in DMEM 

supplemented with 4.0 mM glutamine, 10% FCS, 50 U ml−1 penicillin and 50 µg 

ml−1 streptomycin. 
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Isolation of mouse tumor intestinal epithelial cells: PBS-washed whole small 

intestine was minced into small pieces, washed three times in PBS containing 1 

mM DTT, meanwhile samples are kept cold. The sample was shaken vigorously 

to detach epithelial cells, which were then collected from the supernatant after 

letting large tissue pieces settle to the bottom of the tube. The collected cells and 

crypts were centrifuged at 800g for 5 min in a table-top centrifuge and washed 

three times in PBS before lysis. 

 

Cell invasion assay: Cell invasion assay was performed with basement 

membrane coated CytoSelect™ 24-Well Cell Invasion Assay kit according to the 

manufacturer’s instructions (Cell Biolabs, Inc., San Diego, CA). IEC (1 x 105 cells 

/well) were plated into each well 3 days post siRNA transfection and cultured for 

2 days. The results are the average of two independent experiments. The 

number of invaded cells per well was counted under microscope and the 

statistical analysis was performed with one-way ANOVA.  

 

Immuno-precipitation and detection of ubiquitinated SNAI: To detect 

polyubiquitinated SNAI, SNAI was immunoprecipitated with the respective 

antibody at 4 oC for 2 h, the immunoprecipitates were washed with the lysis 

buffer containing 0.5 M NaCl and then subjected to SDS–PAGE. The blots were 

probed with anti-ubiquitin antibody for SNAI immunoprecipitates. 
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Cell proliferation assay: Mice were administered i.p. with BrdU (2mg/mouse) 

and sacrificed tow hour post the injection. BrdU incorporation (proliferation) 

inparaffinized colonic tissues, as well as the TUNEL assay in paraffinized colonic 

tissues were performed and analyzed according to the manufacturer’s 

instructions (BD Biosciences, San Diego, CA).  

 

Confocal Imaging: IECs were fixed with 4% paraformaldehyde and washed with 

PBS/TritonX-100. Cells were incubated with the primary antibodies listed avove 

(1:200) overnight at room temperature. After 2 washes, the cells were incubated 

for 1 hour with Anti-Rabbit-IgG-Alexafluor-488 (1:500, Invitrogen) and Hoechst 

33258 visualized in the blue channel (1:1000, Invitrogen). Images were obtained 

with an Olympus FV1000 confocal microscope at the UCSD Neuroscience 

Microscopy Shared Facility. 

 

siRNA-mediated knockdown: Knockdown in IECs was performed with 

Nucleofector (Amaxa, Germany). Non-targeting siRNA #2 (luciferase targeting 

siRNA) from Dharmacon was used as a control. STAT3 siRNA sequence: 5’-CAA 

CAT GTC ATT TGC TGA A-3’, GSK3β siRNA: 5’-TCC GAG GAG AAC CCA 

ATG TTT CGT ATA-3’, and SNAI siRNA (Applied Biosystems, Cat. No. s13186) 

were used.  

Phos-tag SDS-PAGE: 10% SDS acrylamide Phos-tag gels were prepared as 

described [22].  
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Qualitative PCR: Quantitative PCR was performed using SYBR Green (Applied 

Biosystems, Foster City, CA) and the following primers: human GAPDH forward, 

5’-CAT GTT CGT CAT GGG TGT GAA CCA -3’ and reverse, 5’-AGT GAT GGC 

ATG GAC TGT GGT CAT-3’; human SNAI forward, 5’- TAC AGC GAG CTG 

CAG GAC TCT AAT-3’, and reverse, 5’- AGG ACA GAG TCC CAG ATG AGC 

ATT-3’. 
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RESULTS 
 

STAT3 does not affect the overall tumorigenesis and survival of mice 

  STAT3 is known to facilitate tumor progression and malignant 

transformation by inhibiting apoptosis and inducing cell proliferation [9]. In order 

to determine the role of STAT3 in intestinal tumor progressions, we conditionally 

deleted STAT3 in intestinal epithelial cells (IEC) of Apcmin/+ mice (Apcmin/+ 

/Stat3IEC-KO). Then, we recorded the number of polyps in colon and small 

intestines of the mice 20 weeks after birth. Surprisingly, we observed that the 

survival of the mice and the tumor counts were not significantly different in 

absence of STAT3 (Fig. 1). This data indicate that the survival of mice could be 

linked to number of polyps in small intestines that disrupt the absorption of 

nutritions. 

 
Figure 1: The absence of STAT3 does not affect the overall tumor counts 
and mice survival. A) Deletion of STAT3IEC does not affect tumorigenesis in 
Apcmin/+ mice.  Tumors (>5mm) in the small and large intestines were counted 
and each dot represents a mouse. B) Percent survival versus age in weeks for 
Apcmin/+ and Apcmin/+ /Stat3IEC-KO mice (>20 mice per group).  
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STAT3IEC suppresses invasion of intestinal tumors 

 Intestinal epithelial cells become tumor cells when they lose the 

expression of functional APC, which is involved in β-catenin degradation. In order 

to determine the invasion of the tumor cells in both Apcmin/+  and Apcmin/+ 

/Stat3ΔIEC mice, we examined the tumor histology. While APCmin/+  IEC tumors are 

confined in mucosa layer as observed before, Apcmin/+ /Stat3ΔIEC  tumors invaded 

to the submucosa layer of the small intestine (Fig. 2). High β-catenin expression 

indicate that invading cells are tumor cells (Fig. 2, bottom).  

 

Figure 2: STAT3IEC suppresses invasion of intestinal tumors in Apcmin/+ 

mice. H&E (upper panel) and β-catenin (lower panel) staining of the proximal 
small intestine shows the invasion of tumors in Apcmin/+ /Stat3ΔIEC mice.  
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 The IEC tumors have invaded through the wall of the small intestines by 

25 weeks after birth (Fig. 3). Tumor cells are no longer contained in the 

epithelium, and it has infiltrated through the wall, which is defined as stage II 

carcinoma [17]. This suggests that STAT3IEC is required for preventing invasion 

of tumor cells.  

 
Figure 3: Tumors in Apcmin/+/Stat3IEC-KO mice penetrate through small 
intestinal walls. Tumor mass can be seen through the wall of small intestine (left, 
upper panel). H&E and β-catenin staining show that tumor mass has penetrate 
through the wall of small intestine.  
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STAT3 inhibits tumor invasion via down-regulating EMT 

 The primary step of the tumor metastasis of carcinoma is to detach from 

the primary mass through phenotypic changes that would allow cells to repress 

adhesion and to increase proteolysis to disconnect interactions with other cells 

[15]. Intestinal epithelial cells express adhesion markers on the cell surfaces that 

allow them to attach to adjacent cells. In order for cells to detach from the cell 

mass, they need to repress epithelial cell markers and express mesenchymal cell 

markers, which this process is called EMT [13]. EMT is a biological process that 

is induced by various EMT inducers, and it is crucial in embryogenesis to develop 

neural tubes and mesoderm [13]. We used IHC staining and immunoblotting to 

measure the expression of epithelial cell markers of tumor IEC of Apcmin/+ and 

Apcmin/+ /Stat3ΔIEC mice 20 weeks after birth. The results show that the expression 

of E-cadherin was not different between two groups (Fig.4), whereas the 

expression of claudin-3 (CLDN3) and claudin-5 (CLDN5) are reduced in Apcmin/+ 

/Stat3ΔIEC mice (Fig. 4, 5). Claudins are tight junction proteins that are important 

for attaching adjacent epithelial cells in order to provide barrier to control the flow 

of molecules from lumen. Repressing the expression of claudins would facilitate 

detaching of epithelial cells.  
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Figure 4: The overall expression of E-cadherin is unaffected by STAT3 
deletion. 

 
Figure 5: The expression of CLDN-3 and CLDN-5 was diminished in Apcmin/+ 

/Stat3ΔIEC mice.  
 
 
 Next, we examined the expression of mesenchymal cell markers through 

confocal imaging. While vimentin and fibronectin are mainly expressed in 

mesenchymal cells in Apcmin/+ mice, we observed strong expression of both cell 

markers in tumor IEC in Apcmin/+ /Stat3ΔIEC mice (Fig. 6). Mesenchymal cell 

markers would facilitate mobility of the tumor IECs to freely migrate through the 

wall of the intestines.  
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Figure 6: Vimentin and fibronectin expressions are induced in epithelial 
cells in absence of STAT3 (confocal imaging).  
 
 
 Matrix metalloproteinases (MMPs) are endopeptidases that hold crucial 

role in various physiological processes including tissue remodeling and organ 

development [18]. The role of MMPs in cancer development and metastasis has 

been thoroughly studied, and EMT can also regulate the MMP activation [15]. 

The proteolytic degradation of the basement membrane by matrix 

metalloproteinases (MMP) is required for tumor IECs to invade to the local 

stroma. Among different types of MMPs, MMP14 and MMP15 are known to 

induce basement membrane degradation [18]. We next analyzed the expression 
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of MMP14 and MMP15 via confocal imaging. The expression of MMP14 and 

MMP15 was significantly induced in Apcmin/+ /Stat3ΔIEC mice compared to Apcmin/+ 

mice (Fig. 7). 

 

Figure 7: STAT3IEC suppresses the expression of MMP14 and MMP15 
(confocal imaging). 
 

The increased expression of MMP14 and MMP15 can elucidate how 

tumor IECs degraded the basement membrane to invade through the connective 

tissue of the intestines in Apcmin/+ /Stat3ΔIEC mice. Whether or not STAT3IEC 

inhibits the expression of MMP14 and MMP15 by inhibiting EMT or through 

another possible pathway is not clear. However, it is evident that STAT3IEC 

suppresses the expression of the MMP to inhibit the invasion.  
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STAT3IEC suppresses the expression of EMT inducer SNAI. 

 Our results suggest that tumor IECs of Apcmin/+ /Stat3ΔIEC mice become 

invasive through inducing EMT. We next investigated whether STAT3IEC 

suppresses expression of EMT inducers. We isolated the tumor IECs from 

Apcmin/+ and Apcmin/+ /Stat3ΔIEC mice and normalized the protein concentration. 

The immunobloting data indicate that the SNAI expression was stronger in 

Apcmin/+ /Stat3ΔIEC mice (Fig. 8). This also suggests that STAT3IEC is required for 

down-regulating SNAI.  

 

Figure 8: SNAI expression was enhanced in Apcmin/+ /Stat3ΔIEC mice. 
Expression of the indicated proteins was measured by IB with the isolated IEC 
from the small intestines. 
 

 We induced siRNA-mediated STAT3 knockdown in three dfferent human 

colorectal cancer cell lines, HCA-7, RKO and HCT116, and measured the 

expression of SNAI three days after. We observed that SNAI expression was 

reduced when STAT3 was knocked down (Fig. 9).  
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Figure 9: SNAI expression increased in CRC cells when STAT3 was 
knocked down. 
 
 
 

In order to confirm that elevated expression of SNAI would induce CRC 

cells to become more invasive, we knockdown STAT3, SNAI or STAT3/SNAI in 

human CRC cell line HCT116 and performed basement membrane invasion 

assay. We observed that when STAT3 expression was deleted, the cells became 

more invasive, whereas deletion of SNAI or STAT3/SNAI expression resulted in 

decreased invasiveness (Fig. 10).   
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Figure 10: Elevated expression of SNAI resulted in enhanced invasiveness 
of CRC cells. Cancer cell invasion assay was performed as described in the 
methods 3 days post transfection of the indicated siRNA. (S3: STAT3, SN: 
SNAI). The results are the representatives of two independent experiments.  
 
 
 
STAT3 negatively regulates SNAI via spontaneous degradation by the 
proteasome.  
  
 Corvinus et. al. suggested that once established in culture, colon cancer 

cells lose constitutive STAT activity [19].  Since our data suggest that SNAI 

expression is enhanced in absence of STAT3, we next investigated how STAT3 

negatively regulates SNAI. We measured the mRNA expression of SNAI in 

normal or STAT3 knockdown HCT116 and HCA-7 cells and observed that mRNA 

level did not change in absence of STAT3 (Fig. 11). This data suggest that 

STAT3 does not regulate the expression of SNAI at transcriptional level.  
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Figure 11: STAT3IEC does not regulate transcription of SNAI. The mRNA 
levels of SNAI were measured by qPCR in the indicated cell lines 3 days post 
siRNA transfection. 
 

In order to determine whether activation of STAT3 is required for 

downregulation of SNAI, we treated HCT116 cell line with IL-6, IL-10, IFNα and 

EGF for 30 minutes to activate STAT3. In 30 minutes, cells treated with IL-6 and 

IFNα expressed increased phosphorylated STAT3 (pSTAT3), but the expression 

of SNAI in all samples did not change, except cells treated with EGF (Fig. 12). 

This indicates that STAT3 phosphorylation is not required for downregulaton of 

SNAI. Since activated STAT3 forms homodiners or heterodimers with other 

STAT proteins to function as a transcription factor, this result also suggest that 

STAT3 regulates SNAI via non-transcriptional mechanism.  
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Figure 12: Phosphorylation of STAT3 is not required to suppress SNAI  
expression. 
 
 

Since SNAI expression was not regulated by STAT3 at transcriptional 

level, we next examined whether SNAI undergoes spontaneous degradation 

upon uniquitination. We treated CRC cells with a proteasome inhibitor (MG132, 

10µM) for 0, 1 or 2 hours to inhibit spontaneous degradation and measured the 

expression of ubiquitinated SNAI. We observed that SNAI was spontaneously 

ubiquitinated and degraded by proteasome in both cell lines (Fig. 13). This result 

correlates with previous studies that the expression of SNAI can be also 
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regulated at protein level via spontaneous ubiquitination and degradation by 

proteasome [20].  

 

 

Figure 13: SNAI undergoes spontaneous ubiquitination and degradation by 
proteosome. The indicated protein levels were measured by Immunoblotting 
after treating with MC132. 
 
 
 Since SNAI expression can be regulated at post-translational level, we 

reasoned that STAT3 might be involved in the degradation by proteasome. SNAI 

was immunoprecipitated, and immunoblotted for ubiquitin three days after STAT3 

siRNA transfection. We determined that the spontaneous ubiquitination of SNAI 

was dependent on STAT3 (Fig. 14).  
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Figure 14: STAT3IEC promotes ubiquitination of SNAI. The indicated protein 
levels were measured by Immunoblotting 3 days post siRNA transfection. 
 

STAT3 interacts with GSK3β to induce degradation of SNAI 

 Zhou et. al. showed that phosphorylation of SNAI by GSK3β is required for 

spontaneous degradation of SNAI [16]. We next investigated whether STAT3 

induces kinase activity of GSK3β. First, we found that GSK3β also down-

regulates SNAI in IEC (Fig. 15). Our data correlates with previous studies that 

GSK3β is important in regulation of SNAI.  
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Figure 15: GSK3β IEC suppresses SNAI expression.  

 

In order to determine whether STAT3 negatively regulates SNAI 

expression by interaction with GSK3β, we immunoprecipitated GSK3β in control, 

STAT3 or GSK3β knockdown IEC or RKO human CRC cells and measured the 

expression of STAT3 and GSK3β. We observed STAT3 expression in control cell, 

suggesting that GSK3β directly interacts with STAT3 (Fig. 16, left). This 

interaction was also observed in the CRC cells only when both STAT3 and 

GSK3β were present (Fig. 16, right).   
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Figure 16: STAT3 associates with GSK3β. The indicated protein levels were 
measured by Immunoblotting. 
 

GSK3β becomes inactivated when it is phosphorylated [21]. Since STAT3 

can induce suppression of SNAI expression, we next investigated whether 

STAT3 is required for mediating or maintaining activation of GSK3β. STAT3 

silencing in IEC affected neither the expression nor phosphorylation level of 

GSK3β (Fig. 17).  

 

Figure 17: STAT3IEC does not regulate phosphorylation levels of GSK3β IEC 
(pGSK3β: phosphorylated GSK3β). 
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 However, the anti-pGSK3β antibody is specific to phosphorylation on 

Ser21/9, and there could be other phosphorylation sites that can also regulate 

the function of GSK3β. We used phosphate-affinity gel electrophoresis (phos-tag 

gel) with a polyacrylamide-bound dinulcear Mn2+ complex followed by western 

blotting [22]. This method is useful to detect stoichiometric protein 

phosphorylation on any site by enhancing mobility shifts of phosphorylated form 

of proteins. We induced STAT3 or GSK3 knockdown in HCT116 cells and 

analyzed the expression of pGSK3β. When STAT3 was deleted, there was 

increased level of pGSK3β, indicating that STAT3 is important for maintaining the 

activity of GSK3β (Fig. 18).  

 

 

Figure 18: STAT3 negatively regulates GSK3β phosphorylation. A) 
Immunoblotting with phos-tag SDS-PAGE. Upper band indicates phosphorylated 
GSK3β. B) Immunoblotting with SDS-PAGE. 
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I acknowledge Dr. Jongdae Lee for guiding and teaching me in carrying 

out experiments and laying down directions. I acknowledge Dr. Eyal Raz for 

providing abundant supports and resources, as well as opportunity to finish the 

thesis.
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DISCUSSION 
 

 Colorectal tumors can be removed when detected at an earlier stage. 

However, the mortality rate drops when the tumor becomes metastatic. Thus, 

understanding the mechanism of invasion and metastasis is important in finding 

therapeutic treatments for the colorectal cancer patients. Constitutively activated 

STAT3 found in tumor cells have been linked to the tumor progression and 

development in various different tumors, including the colorectal tumor. 

Considering that many STAT3 target genes involved in antiapoptosis and cell 

proliferation, it is reasonable to hope that activated STAT3 could be an important 

therapeutic target to prevent tumor growth.  

The role of STAT3 as a transcription factor has been explored for many 

decades, and the non-transcriptional activities of STAT3 also have been reported. 

Yet, its role as a non-transcriptional factor in tumor development has not been 

discovered.  

The function of STAT3IEC in suppressing invasion in Apcmin/+ mice has 

recently been found, but the mechanism remains unclear. We have found that 

one of the EMT inducers SNAI expression increased in absence of STAT3 in 

tumor isolated from Apcmin/+ /Stat3ΔIEC  mice or in human colorectal cancer cells. 

EMT is an important process in embryogenesis, but it has been impletemted in 

cancer metastasis. EMT involves suppressing epithelial cell markers and 

expressing mesenchymal cell markers in cancer cells, which allow them to 

detach from the primary tumor cell mass and to gain mobility. We identified that 
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CLDN-3 and CLDN-5 expression was suppressed, while expression of 

vimentin and fibronectin was enhanced due to the absence of STAT3. In addition, 

deletion of SNAI expression in human colorectal cell lines inhibited the 

invasiveness of STAT3 knockdown cells.   

One of the first experiments we conducted was to examine the mRNA 

level of Apcmin/+ /Stat3ΔIEC and Apcmin/+ mice. Surprisingly, STAT3 does not 

regulate SNAI in transcription level. We determined that STAT3 induce 

spontaneous ubiquitination of SNAI. It has been reported that GSK3β 

phosphorylates SNAI to target for spontaneous ubiquitination, which was lost 

when STAT3 was deleted. Also, we found that STAT3 and GSK3β directly 

interact with each other, and deletion in one of the proteins will inhibit 

ubiquitination of SNAI. This suggested that STAT3 interaction with GSK3β is 

important for down-regulation of SNAI, for deletion of either protein inhibited the 

ubiquitination of SNAI.  

 STAT3 is the most thoroughly explored STAT protein, yet its non-

transcriptional activities have not received enough attention. Thus, focusing on 

one side of the dual functions can give bias conclusions. In case of intestinal 

tumor, STAT3 is a suppressor of tumor invasion. Our study will add important 

information in designing new cancer therapies targeting activated STAT3.  

 I acknowledge Dr. Jongdae Lee for guiding and teaching me in carrying 

out experiments and laying down directions. I acknowledge Dr. Eyal Raz for 

providing abundant supports and resources, as well as opportunity to finish the 

thesis.
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