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A B S T R A C T   

Oxaliplatin is a commonly used platinum drug for colorectal cancer (CRC). However, the treatment of CRC by 
oxaliplatin usually fails because of drug resistance, which results in a huge challenge in the therapy of CRC. 
Elucidation of molecular mechanisms may help to overcome oxaliplatin resistance of CRC. In our study, we 
revealed that KIAA1199 can promote oxaliplatin resistance of CRC. Mechanistically, KIAA1199 prevents oxali
platin mediated apoptosis via up-regulated PARP1 derived from reduced endoplasmic reticulum stress induced 
by protein O-GlcNAcylation. In the meantime, KIAA1199 can also trigger epithelial mesenchymal transition by 
stabilizing SNAI1 protein via O-GlcNAcylation. Therefore, KIAA1199 has great potential to be a novel biomarker, 
therapeutic target for oxaliplatin resistance and metastasis of CRC.   

Introduction 

Colorectal cancer (CRC) is a common malignant tumor with second 
leading occurrence and deprives approximate one million lives per year 
globally [1]. Previous studies showed that the mortality of CRC is tightly 
associated with chemoresistance and metastasis [2,3]. Oxaliplatin is a 
vital chemotherapeutic drug for CRC. It can trigger apoptosis of cancer 
cells by formation of  platinum-DNA adducts [4,5]. When oxaliplatin is 
administered with fluorouracil and leucovorin (FOLFOX) in previously 
untreated CRC, the objective response rate (OR) and median overall 
survival (OS) can reach 50% and 18–24 months, respectively [4]. Un
fortunately, drug resistance will aggravate CRC and remains a challenge 
in CRC treatment [6,7]. Previous studies suggested the reasons of oxa
liplatin resistance including DNA damage repair, apoptosis, NF-κB 
signaling, and cellular transportation etc. [8]. However, the molecular 
mechanisms of oxaliplatin resistance of CRC still need further studies. 

Nowadays, a novel oncogene, KIAA1199, has been found with key 
functions in many diseases [9]. KIAA1199 (alias CEMIP, TMEM2L) is 
located on chromosome 15q25.1 and encodes a 150-kDa protein. 
KIAA1199 was firstly identified as an inner ear-specific protein and 
correlated with deafness [10]. Later on, researchers found that 

KIAA1199 can be expressed in various human tissues and dysregulated 
expression of KIAA1199 can be detected in numerous cancerous tissues 
[11]. The basic function of KIAA1199 remains unknown, nevertheless 
several studies indicate its role in metabolism of hyaluronan [12]. 
Recently, a growing amount of studies found that KIAA1199 can pro
mote growth and metastasis of various cancers including CRC, breast 
cancer, pancreatic cancer etc. [2]. Moreover, KIAA1199 has strong re
lationships with signaling pathways including wnt/β-catenin, MAPK and 
PI3K/AKT etc. [11]. 

O-GlcNAcylation is a special type of post-translational modification 
of protein, which is established by a bond of single N-acetylglucosamine 
and serine or threonine residue of protein. Protein O-GlcNAcylation 
responds to changes in the cellular conditions caused by stress, hor
mones, or nutrition variations by dynamical attachment or removal of 
sugars on proteins. So far, O-GlcNAcylation modification has been found 
in more than thousands of nuclear and cytoplasmic proteins widely 
involved in transcription, translation, signal transduction, cell cycle and 
other physiological events [13,14]. It is believed that O-GlcNAcylation 
plays an important role in diabetes, neurodegenerative diseases, heart 
diseases, tumors and other diseases, and has great potential for diagnosis 
and treatment of these diseases [15,16]. Amazingly, our previous study 
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revealed that KIAA1199 could promote O-GlcNAcylation of protein via 
bridging O-GlcNAc transferase (OGT) and substrate protein [17]. 

In our study, we deciphered that KIAA1199 was up-regulated in 
oxaliplatin resistant CRC cells compared with parental cells. KIAA1199 
can prevent apoptosis of CRC cells by alleviating endoplasmic reticulum 
stress (ERS) via protein O-GlcNAcylation. Furthermore, KIAA1199 has 
ability to maintain epithelial mesenchymal transition (EMT) and pro
motes metastasis of CRC via O-GlcNAcylation modification of SNAI1. 

Materials and methods 

Cells culture 

Human CRC cells (SW480 and HCT116) used in our research were 
purchased from Chinese Academy of Sciences (CBTCCCAS, China). 
SW480 and HCT116 were cultured in RPMI 1640 (GIBCO, USA) or 
DMEM (GIBCO, USA), respectively. Supplementation with 10% fetal 
bovine serum (BI, Israel), 100 U/mL penicillin and 100 μg/mL strepto
mycin was used. All cell lines were authenticated by STR profiling. 

Plasmid transduction and stable cell lines 

Lipofectamine 2000 (Invitrogen, USA) was used to perform transient 
transduction of cells. Firstly, plasmids and Lipofectamine 2000 were 
diluted in opti-MEM (GIBCO, USA) respectively. After 5 min, plasmids 
and Lipofectamine 2000 dilutions were mixed gently and reacted at 
room temperature for 20 min. Later, the mixture of plasmids and Lip
ofectamine 2000 was transferred to serum-free growth medium for cells 
culture. Lastly, the serum-free growth medium was replaced by fresh 
medium with 10% FBS after 4 h and cells were cultured for 24–48 h. 
Stable cell lines were made by lentivirus infection and puromycin 
(AbMole, USA) resistance selection. Detailed transduction procedure 
was illustrated in our previous study [17]. For silence experiment of 
gene, short hair RNA (shRNA) was used in our study. The target se
quences of shRNAs were listed in supplementary Table 1. 

Proteins extraction and western blotting 

Whole cell lysates were produced by RIPA lysis buffer (Beyotime, 
China). Prepared cell lysates were quantified by BCA methods and 
electrophoresed by sodium dodecyl sulfate polyacrylamide gel electro
phoresis (SDS-PAGE). Thereafter, the separated proteins were trans
ferred to PVDF membrane (Millipore, USA). After that, the proteins 
coated PVDF membrane was incubated with primary antibodies at 4 ◦C 
overnight. Next day, the membrane was incubated with HRP-conjugated 
second antibodies at room temperature for 1 h. At last, the target bands 
were visualized by chemiluminescence system (Bio-Rad, USA). 

Several primary antibodies including mouse anti-β-actin (RRID: 
AB_2,687,938; Proteintech, #66,009–1-Ig, 1:1000), rabbit anti- 
KIAA1199 (RRID:AB_10,695,771; Proteintech, #21,129–1-AP, 
1:1000), HRP-conjugated Affinipure Goat Anti-Rabbit IgG(H + L) 
(RRID:AB_2,722,564; Proteintech, #SA00001–2, 1:3000), HRP- 
conjugated Affinipure Goat Anti-Mouse IgG (H + L) (RRID: 
AB_2,722,565; Proteintech, #SA00001–1, 1:3000), rabbit anti-O- 
GlcNAc (CST, #82332S, 1:1000), rabbit anti-E-cadherin (CST, 
#3195S, 1:1000), rabbit anti-SNAI1 (RRID:AB_2,191,756; Proteintech, 
#13,099–1-AP, 1:1000), mouse anti-PARP1 (RRID:AB_2,881,883; Pro
teintech, #66,520–1-Ig, 1:1000), mouse anti-caspase 3 (RRID: 
AB_2,876,892; Proteintech, #66,470–2-Ig, 1:1000), mouse anti-CHOP 
(RRID:AB_2,882,089; Proteintech, #66,741–1-Ig, 1:1000), mouse anti- 
ATF4 (RRID:AB_2,058,598; Proteintech, #60,035–1-Ig, 1:1000), rabbit 
anti-p-eIF2α (CST, #3398S, 1:1000) and rabbit anti-p-PERK (CST, 
#3179S, 1:1000), were used in western blotting experiments. 

Immunohistochemistry (IHC) 

Human CRC specimens were collected from Wuhan union hospital. 
This research was carried out in accordance with the declaration of 
Helsinki and formally approved by the institutional medical ethics 
committee in Wuhan union hospital. Informed consents were signed by 
all included volunteers. The anti-KIAA1199 (1:400), anti-PARP1 (1:500) 
and anti-SNAI1 (1:500) antibodies were used for the primary reaction. 
Immunoperoxidase staining was performed later. The semi- 
quantification of target proteins were calculated by Image J software. 

Reverse transcription quantitative PCR (RT-qPCR) 

Total RNA Kit (Omega, China) was used to extract the total RNA in 
CRC cells. One microgram of RNA was used to synthesize the comple
mentary DNA (cDNA) by using UEIris II RT-PCR system for first-strand 
cDNA synthesis mix (US EVERBRIGHT, China). The mixture of RNA 
and reagents of first-strand cDNA synthesis mix was reacted for 10 min 
at 55℃. Then, the reaction ended at 85℃ for 10 s. Later, real-time 
quantitative PCR experiment was performed in Applied Biosystems 
7500 Instrument (Thermo, USA) following the protocol of 2×SYBR 
Green qPCR Master Mix (US EVERBRIGHT, China). The total volume of 
reaction mixture was 50 μL. The thermo cycling conditions were: hold at 
95℃ for 10 min, (95℃ for 15 s followed by 60℃ for 60 s) × 40 cycles. 
GAPDH was used as housekeeping gene in our PCR experiments, and the 
relative quantification of target genes were determined by the ΔΔCq 
method. The sequences of primers for RT-qPCR were exhibited in Sup
plementary Table 2. 

Cell proliferation and colony assay 

CRC cells were seeded and cultured in 96-well plate, and then the 
cells were treated with indicated drugs. After preset time, cell culture 
medium with FBS was replaced by serum-free medium. At the same 
time, CCK-8 solution (Dojindo, Japan) was added and incubated at 37 ◦C 
for 2 h. The absorbance values of each well at 450 nm were measured by 
a microplate reader (Thermo, USA). For colony experiments, CRC cells 
were seeded and grown in 6-well plates with indicated treatments. Cells 
were cultured for about2 weeks until obvious colony formation under a 
microscope. Then, the wells were washed with PBS and the cells were 
fixed with paraformaldehyde. The fixed cell colony were dyed with 0.5% 
crystal violet. Colonies containing at least 50 cells were counted 
manually. 

Wound healing and cell migration, invasion assays 

For cell wound healing experiments, CRC cells were seeded and 
grown in 6-well plates. When cells overspread the whole well, several 
cells were smoothly removed and a wound were created by using a 20 μL 
pipet. Baseline of the width of wounds were measured by a microscope, 
and indicated treatments were performed later. Until indicated times for 
culture in serum-free medium, the width of wounds were measured 
again and the healed area were calculated by Image J software. For cell 
migration experiments, CRC cells were suspended in 200 μL serum-free 
medium and added into the upper chamber of 24-well Transwell inserts 
(Corning, USA). Meanwhile, 700 μL medium with 10% FBS were added 
into the lower chamber. The Transwell inserts were incubated at 37 ◦C 
for 24 h and allowed the cells migrate across the membrane. After that, 
the migrated cells were fixed by paraformaldehyde, and dyed by 0.5% 
crystal violet, and counted manually by an optical microscope. Cell in
vasion assays were performed similarly with membrane coated with 30 
μg Matrigel (BD Biosciences, USA). For both wound healing and trans
well experiments, the proliferation of each group of cells cultured in 
serum-free medium were assessed by CCK-8 experiments. The migration 
and invasion abilities of cells would be corrected when the proliferation 
rates of each group of cells were different. 
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Glycosylated protein purification 

For glycosylated proteins purification experiments, the whole cell 
lysates were prepared by repetitive freeze thaw method. Next, centri
fugation of cell lysates were conducted and the supernatants were mixed 
with wheat germ agglutinin (WGA) agarose (Vector, USA) and incu
bated overnight at 4 ◦C. Next day, after centrifugation of the mixture, 
precipitates were collected and washed with PBS for 5 times. Thereafter, 
glycosylated proteins were adhered on the surface of WGA agarose. 

Animal experiments 

Animal experiments in our study were approved by the Medical 
Ethics Committee of Wuhan union hospital. For mouse model with 

subcutaneous tumor, four to six weeks female BALB/c nude mice were 
allocated randomly (by random number method) into indicated groups 
(5 mice in every group) and subcutaneously injected with 5 × 106 

indicated HCT116 cells. Volumes of subcutaneous tumors were 
measured and calculated as (length (mm) × width (mm) × width 
(mm))/2 every 3 days. Mice were sacrificed until indicated days and 
subcutaneous tumors were isolated by surgery. The weights of tumors 
were measured and compared between groups. To establish mice liver 
metastasis model, four to six weeks female BALB/c nude mice were 
allocated randomly into indicated groups (5 mice in every group) and 
received intrasplenic injection with 3 × 106 indicated HCT116 cells after 
anesthesia by pentobarbital sodium. After indicated treatments and 
time, mice were sacrificed for count of liver metastasis. Detailed pro
cedure of animal tumor bearing model establishment was illustrated in 

Fig. 1. Establishment and validation of oxaliplatin resistant CRC cells. A, B Inhibition rate and IC50 of parental and resistant cells treated with oxaliplatin (3 inde
pendent replicates). ****P < 0.0001. C Colony formation analysis of parental and resistant cells treated with oxaliplatin (3 independent replicates). ****P < 0.0001. 
D Apoptosis analysis of parental and resistant cells treated with oxaliplatin (3 independent replicates). ****P < 0.0001. E-G Tumor growth of HCT 116/HCT116R 
cells bearing mice (n = 5 mice in each group). Comparison of growth rate (E), tumors volume (F) and weight (G) between two groups. **P < 0.01, ****P < 0.0001. 
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our previous study [17]. 

Statistics analysis 

All experiments were repeated in triplicate or more. Data were noted 
as mean value ± standard deviation (SD). Statistical analyses were 
performed with SPSS16.0. GraphPad Prism 7 was used to plot figures. 
The statistical differences were calculated by Student’s t-test. The cor
relations between KIAA1199 and PARP1, SNAI11 expression were 
analyzed by linear regression. Survival of patient were determined by 
Kaplan− Meier curve and Log-Rank test. Two-sided P value ≤ 0.05 was 
considered statistically significant. 

Results 

KIAA1199 mediates CRC oxaliplatin resistance in vitro and in vivo 

To establish oxaliplatin resistant CRC cells (SW480R and HCT116R), 
parental CRC cells (SW480 and HCT116) were treated with increasing 
concentrations of oxaliplatin for about 6 months as shown in Supple
mentary Fig. 1A. The resistance of oxaliplatin was confirmed by 
comparing the proliferation, colony and apoptosis phenotype between 
parental and resistant CRC cells in vitro. As shown in Fig. 1A-C, SW480R 
and HCT116R have higher IC50 and colony formation rates than 
parental cells. Moreover, oxaliplatin resistant cells have dramatically 
lower apoptotic rates compared with parental cells (Fig. 1D). To further 
verify the resistance of oxaliplatin in vivo, HCT116 or HCT116R cells 
were subcutaneously implanted in nude mice. Oxaliplatin (10 mg/kg) 
was administrated for tumor bearing mice by intraperitoneal injection 
once a week (Supplementary Fig. 1B). The volumes of subcutaneous 

Fig. 2. KIAA1199 promotes oxaliplatin resistance of CRC. A Volcano plot of identified genes in HCT116 and HCT116R cells. B Comparison of KIAA1199 mRNA 
expression of tumor and normal tissues included in TCGA datasets. ****P < 0.0001. C Patients with higher level of KIAA1199 have shorter median disease free 
survival compared with patients with lower KIAA1199 (HR=1.8, log-rank P = 0.026). D Upper panel: Relative KIAA1199 mRNA levels in parental cells compared 
with resistant cells. Lower panel: western blotting analysis of KIAA1199 protein expression in parental cells compared with resistant cells (3 independent replicates). 
***P < 0.001, ****P < 0.0001. E, F Inhibition rate and IC50 of KIAA1199 over-expressed cells and control cells treated with oxaliplatin (3 independent replicates). 
****P < 0.0001. G Tumor growth rate of HCT 116/HCT116R cells bearing mice between two groups (n = 5 mice in each group). **P < 0.01. 
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tumor were measured and calculated every 3 days until indicated days. 
After sacrifice of mice, the tumor were isolated and weighed. Interest
ingly, the tumor derived from HCT116R cells grew faster than HCT116 
cells (Fig. 1E). The volumes and weights of tumors derived from 
HCT116R cells were significantly higher than control tumors (Supple
mentary Fig. 1C, Fig. 1F, G). 

To elucidate the molecular mechanisms of oxaliplatin resistance of 

CRC, we performed RNA-sequence analysis for both HCT116 parental 
and resistant cells. As shown in Fig. 2A, thousands differentially 
expressed genes were identified between HCT116 and HCT116R cells. 
Surprisingly, one of the differentially expressed genes, KIAA1199, had 
been previously studied by the authors. Therefore, we focused on this 
novel gene in the present study. In CRC, the expression level of 
KIAA1199 was significantly up-regulated compared with normal tissues 

Fig. 3. Inhibition of KIAA1199 by pyrvinium reverses oxaliplatin resistance of CRC. A Upper panel: Relative KIAA1199 mRNA levels in CRC cells treated with pyrvinium 
compared with control cells. Lower panel: western blotting analysis of KIAA1199 protein expression in CRC cells treated with pyrvinium compared with control cells 
(3 independent replicates). ***P < 0.001. B, C Inhibition rate and IC50 of resistant cells treated with pyrvinium compared with control cells (3 independent rep
licates). **P < 0.01, ***P < 0.001. D Apoptosis analysis of resistant cells treated with pyrvinium compared with control cells (3 independent replicates). ****P <
0.0001. ns, not significant. E Colony formation analysis of resistant cells treated with pyrvinium compared with control cells (3 independent replicates). **P < 0.01. 
ns, not significant. F Tumor growth rate of HCT 116/HCT116R cells bearing mice treated with pyrvinium compared with control mice (n = 5 mice in each group). *P 
< 0.05, ****P < 0.0001.Pyr, pyrvinium; Oxa, oxaliplatin; R, resistant. 
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according to the data in The Cancer Genome Atlas (TCGA) datasets 
(Fig. 2B). The median disease free survival of patients with higher 
KIAA1199 is obviously shorter than that with lower KIAA1199 
(HR=1.8, log-rank P = 0.026) (Fig. 2C). In addition, there is evident 
difference of KIAA1199 expression between early and advanced CRC 
(Supplementary Table 3). The differences between CRC with microsat
ellite instability-high (MSI-H) and MSI-Low/MSI-stable feature is not 
statistically significant (Supplementary Table 3). Detailed characteris
tics of included volunteers from TCGA datasets were showed in Sup
plementary Table 3. In our previous study, we found that KIAA1199 
could promote glutamine metabolic reprogramming and metastasis of 
CRC via reciprocal regulation of β-catenin. However, the relationships 
between KIAA1199 and oxaliplatin resistance of CRC remain unclear. 

To confirm the expression level of KIAA1199 in parent and oxali
platin resistant CRC cells, we performed q-PCR and western blotting 
experiments, and the outcomes confirmed that KIAA1199 was over- 
expressed in oxaliplatin resistant CRC cells (Fig. 2D). To further inves
tigate the role of KIAA1199 in oxaliplatin resistance of CRC cells, we 
evaluated the IC50 of both KIAA1199 over-expressed CRC cells and 
control cells. As we can see in Fig. 2E and F, the IC50 of CRC cells with 
over-expressed KIAA1199 were significantly higher than control cells. 
To confirm the effect of KIAA1199 on growth of CRC in vivo, HCT116 
cells with stably over-expressed KIAA1199 and control cells were sub
cutaneously implanted in nude mice. The volumes of tumors were 
measured and calculated every 3 days until indicated days. The results 
demonstrated that KIAA1199 over-expressed tumor grew obviously 
faster than control tumor under oxaliplatin treatment (Fig. 2G). After 
sacrifice of mice, the tumor were isolated and weighed. The volumes and 
weights of tumors derived from HCT116 cells with stably over-expressed 
KIAA1199 were significantly higher than control tumors (Supplemen
tary Fig. 1D-F). 

Inhibition of KIAA1199 by pyrvinium reverses oxaliplatin resistance of 
CRC 

It has been demonstrated that KIAA1199 could promote oxaliplatin 
resistance of CRC cells by our experiments. Thereafter, we tried to 
address this issue by a convenient strategy. It has been verified that the 
expression of KIAA1199 was regulated by wnt/β-catenin signaling in our 
previous study [17]. Pyrvinium, a FDA approved anti-worm drug, can 
inhibit wnt/β-catenin signaling in CRC cells [18]. Based on these in
formation, we hypothesized that pyrvinium could reverse oxaliplatin 
resistance of CRC cells. The results of our q-PCR and western blotting 
experiments indicated that pyrvinium could significantly reduce the 
mRNA and protein level of KIAA1199 in CRC cells (Fig. 3A). To discover 
the effect of pyrvinium upon oxaliplatin resistance in vitro, we per
formed proliferation, colony and apoptosis experiments. Consistent with 
our hypothesis, pyrvinium can dramatically reduce proliferation rate of 
resistant CRC cells with oxaliplatin treatment in vitro (Fig. 3B, C). 
Apoptosis and colony experiments confirmed that pyrvinium could 
significantly reverse the oxaliplatin resistance of CRC cells (Fig. 3D, E). 
To verify the effect of pyrvinium on oxaliplatin resistance of CRC in vivo, 
HCT116R cells were subcutaneously implanted in nude mice. Tumor 
bearing mice were treated with oxaliplatin (10 mg/kg i.p. every week), 
pyrvinium (25 mg/kg p.o. every two days), or combination of oxali
platin and pyrvinium. The volumes of tumors were measured and 
calculated every 3 days until indicated days. After sacrifice of mice, 
tumors were isolated and weighed.The results indicated that pyrvinium 
had potential to reverse oxaliplatin resistance of CRC (Supplementary 
Fig. 1G, Fig. 3F). To conclude, pyrvinium can reduce the expression of 
KIAA1199 and reverse oxalipatin resistence of CRC both in vitro and in 
vivo. 

KIAA1199 promotes CRC oxaliplatin resistance via upregulated PARP1 
mediated by reducing ERS deriving from protein O-GlcNAcylation 

It has been demonstrated that KIAA1199 could promote oxaliplatin 
resistance of CRC and inhibition of KIAA1199 can reverse the resistance. 
However, the mechanism of KIAA1199 mediated oxaliplatin resistance 
was unknown. In vitro, KIAA1199 has no effect upon proliferation, col
ony and apoptosis of CRC cells without oxaliplatin treatment (Supple
mentary Fig. 1H-K). Previous studies indicated that oxaliplatin 
resistance had tight correlation with PARP1 (Poly (ADP-ribose) poly
merase 1) [2]. Our bioinformatics analyses showed that the expression 
level of KIAA1199 had positive correlation with PARP1 (Fig. 4A). Our 
western blotting and IHC experiments suggested that KIAA1199 could 
promote the expression of PARP1 (Fig. 4B, C). Furthermore, the 
increased PARP1 was mediated by p-ERK/CHOP/Caspase 3 signaling 
axis (Fig. 4B). It’s well known that p-ERK/CHOP/Caspase 3 signaling 
plays a key role in ERS and apoptosis [19]. Based on these results, it can 
be concluded that overexpression of KIAA1199 could relieve ERS and 
vice versa. 

Olaparib is a novel PARP inhibitor which can induce synthetic 
lethality in BRCA 1/2 deficient cancer cells. It can be used as mainte
nance treatment in patients with advanced ovarian cancer, fallopian 
tube cancer, or primary peritoneal cancer with a certain type of 
abnormal BRCA 1/2 gene [20–22]. Amazingly, our proliferation, colony 
and apoptosis experiments showed that olaparib could reverse oxali
platin resistance of CRC in vitro (Figs. 4D,E and 5A-C). To confirm the 
effect of olaparib on oxaliplatin resistance of CRC in vivo, HCT116R cells 
were subcutaneously implanted in nude mice. Tumor bearing mice were 
treated with oxaliplatin (10 mg/kg i.p. every week), olaparib (50 mg/kg 
i.p. every day), or combination of oxaliplatin and olaparib. The volumes 
of tumors were measured and calculated every 3 days until indicated 
days. After sacrifice of mice, tumors were isolated and weighed. As we 
can see in Supplementary Fig. 2A and Fig. 5D, olaparib can reverse 
oxaliplatin resistance of CRC in vivo. 

Our previous study found that KIAA1199 could enhance O-GlcNA
cylation modification level of proteins (Fig. 6A) [17]. Previous articles 
revealed that unfold proteins derived from non-sufficient glycosylation 
could trigger ERS and apoptosis [23]. We believed that increased 
O-GlcNAcylation level of proteins mediated by KIAA1199 could prevent 
ERS and apoptosis. In agreement with our expectation, decreased 
O-GlcNAcylation of proteins derived from silence of OGT, could reverse 
KIAA1199 mediated inhibition of ERS and apoptosis (Supplementary 
Fig. 2B). Mounting studies discovered that enhanced cellular O-GlcNA
cylation could promote tumor growth and progression [24–27]. Our 
experiments showed that increased O-GlcNAcylation mediated by thia
met G (an inhibitor of O-GlcNAcase) could promote oxaliplatin resis
tance of CRC cells. Conversely, decreased O-GlcNAcylation mediated by 
silence of OGT significantly reverse oxaliplatin resistance of CRC cells 
(Fig. 6B-K). Collectively, KIAA1199 promotes oxaliplatin resistance of 
CRC via upregulated PARP1 mediated by reducing ERS deriving from 
protein O-GlcNAcylation. 

KIAA1199 promotes EMT and metastasis of CRC through O- 
GlcNAcylation of SNAI1 

It is well known that KIAA1199 can promote metastasis of different 
types of cancer [11]. Our wound healing and transwell experiments 
confirmed that KIAA1199 could enhance migration and invasion of CRC 
cells in vitro (Fig. 7A-C). More and more studies showed that EMT played 
a vital role in CRC metastasis and SNAI1 was an important transcriptor 
involved in EMT [28]. Our experiments indicated that KIAA1199 could 
enhance the protein expression of SNAI1 but not mRNA. Conversely, 
both protein and mRNA of E-cadherin were reduced in KIAA1199 
over-expressed CRC cells (Fig. 7D, E). IHC of human CRC tissues 
confirmed the positive association between KIAA1199 and SNAI1 
(Supplementary Fig. 2C, Fig. 7F). Knock down and rescue of SNAI1 
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experiments indicated that SNAI1 was indispensable for KIAA1199 
mediated migration and invasion of CRC cells (Fig. 8A, B). Given that 
KIAA1199 can increase the expression of protein but not mRNA of 
SNAI1, we hypothesized that KIAA1199 could regulate the stability of 
SNAI1 protein. Previous study indicated that O-GlcNAcylation modifi
cation of SNAI1 protein could prevent its phosphorylation and subse
quent proteasome degradation [2]. Our co-immunoprecipitation and 
western blotting experiments confirmed that SNAI1 interacted with OGT 
and KIAA1199 could promote O-GlcNAcylation of SNAI1 (Fig. 8C, D). 
Wound healing and transwell experiments showed that enhanced 
O-GlcNAcylation mediated by thiamet G could promote migration and 
invasion of CRC cells. Conversely, reduced O-GlcNAcylation mediated 

by silence of OGT significantly decrease migration and invasion of CRC 
cells (Supplementary Fig. 3A-D). To verify the association of KIAA1199 
and SNAI1, CRC liver metastasis model were established in nude mice by 
intrasplenic injection with 3 × 106 indicated HCT116 cells after anes
thesia by pentobarbital sodium. After indicated time, mice were sacri
ficed for count of liver metastasis. As shown in Fig. 8E, KIAA1199 has 
great potential to promote metastasis of CRC through SNAI1 (Fig. 9). 

Discussion 

Oxaliplatin was considered as standard first-line chemotherapy drug 
for CRC, which significantly improved survival and decreased 

Fig. 4. KIAA1199 promotes CRC oxaliplatin resistance via upregulated PARP1 mediated by reducing endoplasmic reticulum stress (ERS). A Correlation analysis of the 
mRNA level of KIAA1199 and PARP1. B Western blotting analysis of KIAA1199, PARP1, and p-ERK/CHOP/Caspase 3 signaling in CRC cells transducted with 
indicated plasmid (3 independent replicates). C Representive figure of IHC and correlation analysis of the protein level of KIAA1199 and PARP1 in human CRC 
tissues. Scale bar, 500μS. D Inhibition rate and IC50 of SW480R cells treated with olaparib compared with control cells (3 independent replicates). ****P < 0.0001. 
Oxa, oxaliplatin; Ola, olaparib. 
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recurrence rate of CRC patients. Nevertheless, oxaliplatin chemotherapy 
often fails because of drug resistance. Previous studies indicated that 
oxaliplatin resistance was correlated with cellular transport, detoxifi
cation, DNA repair, cell death, and epigenetic alternation etc. [8]. In the 
present study, we found that KIAA1199 can promote oxaliplatin resis
tance of CRC. As a novel protein that has tight correlation with drug 
resistance, KIAA1199 has no effect upon proliferation, colony of CRC 
cells. KIAA1199 maintains oxaliplatin resistance of CRC cells through 
prevention of apoptosis of CRC cells with exposure to oxaliplatin. 
Mechanistically, KIAA1199 can prevent apoptosis of CRC cells via relief 
of ERS induced by oxaliplatin. Other studies also showed the tight as
sociation between KIAA1199 and drug resistance. Xu et al. 

demonstrated that KIAA1199 was over-expressed in sorafenib resistant 
hepatocellular carcinoma (HCC) and played an important role in 
metastasis of sorafenib-resistant HCC [29]. Duong et al.’s study indi
cated that CRC acquired resistance to MEK1 inhibitor by inducing 
expression of KIAA1199 [30]. In conclusion, KIAA1199 has great po
tential to be a novel promising therapeutic target to overcome oxali
platin resistance. 

Endoplasmic reticulum (ER) is the major organelle for protein post- 
translational folding, modification and trafficking. When intrinsic 
stresses (e.g., oncogene activation) or hostile environmental conditions 
(e.g., oxidative stress and nutrition deficiency) occur, normal protein 
folding was disrupted [23]. The accumulation of unfolded or misfolded 

Fig. 5. Inhibition of PARP1 by olaparib reverses oxaliplatin resistance of CRC. A Inhibition rate and IC50 of HCT116R cells treated with olaparib compared with control 
cells (3 independent replicates). ****P < 0.0001. B Colony formation analysis of oxaliplatin resistant cells treated with olaparib compared with control cells (3 
independent replicates). *P < 0.05, ***P < 0.001. ns, not significant. C Apoptosis analysis of oxaliplatin resistant cells treated with olaparib compared with control 
cells (3 independent replicates). ****P < 0.0001. ns, not significant. D Tumor growth rate of HCT 116/HCT116R cells bearing mice treated with olaparib compared 
with control mice (n = 5 mice in each group). ****P < 0.0001. Ola, olaparib; Oxa, oxaliplatin; R, resistant. 
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proteins tend to trigger unfolded protein response (UPR) and ERS, which 
intersects with a wide variety of physiological and pathological condi
tions [31]. ERS had been demonstrated with a vital role in the onco
genesis and progression of a wide range of cancers including tumors of 

stomach, colon, breast, lung and liver etc. [32,33]. In our study, we 
found that ERS in oxaliplatin resistant CRC cells was relieved by 
over-expressed KIAA1199. According to published studies, we believe 
that O-GlcNAcylation of proteins mediated by KIAA1199 is a necessary 

Fig. 6. Protein O-GlcNAcylation promotes oxaliplatin resistance of CRC. A Western blotting analysis of KIAA1199 and protein O-GlcNAcylation in CRC cells transducted 
with indicated plasmid (3 independent replicates). B Inhibition rate and IC50 of SW480 cells treated with oxaliplatin and thiamet G compared with control cells (3 
independent replicates). **P < 0.01. C Inhibition rate and IC50 of HCT116 cells with reduced OGT compared with control cells (3 independent replicates). ***P <
0.001. D, E Colony formation analysis of SW480 cells treated with oxaliplatin and thiamet G compared with control cells (3 independent replicates). ****P < 0.0001. 
F, G Colony formation analysis of OGT reduced HCT116R cells treated with oxaliplatin compared with control cells (3 independent replicates). ***P < 0.001. H, I 
Apoptosis analysis of SW480 cells treated with oxaliplatin and thiamet G compared with control cells (3 independent replicates). ***P < 0.001. J, K Apoptosis 
analysis of OGT reduced HCT116 cells treated with oxaliplatin compared with control cells (3 independent replicates). ***P < 0.001. 
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guarantee for correct folding and normal physiological functions of 
proteins. In agreement with our results, Ngoh et al. found that enhanced 
O-GlcNAcylation could attenuate ERS and prevent cardiomyocyte death 
[34]. 

A previous study performed by Chen et al. revealed that KIAA1199 
was a target gene of β-catenin/TCF4 [35]. Duong et al. found that TCF4 
had binding sites in promoter region of KIAA1199 [36]. Moreover, in
hibition of wnt/β-catenin signaling significantly reduce protein expres
sion of KIAA1199. Pyrvinium has been demonstrated with promising 
therapeutic potential for CRC both in vitro and in vivo [2]. Pyrvinium can 
bind to and activate CK1α, an important component of destruction 
complex of β-catenin, leading to reduced β-catenin and repression of 
wnt/β-catenin signaling. In addition, pyrvinium stabilizes CK1α protein 
via inhibition of cereblon (a component of E3-ubiquitin ligase of CK1α) 
[37]. In our study, we revealed that pyrvinium could re-sensitize resis
tant CRC to oxaliplatin through inhibition of KIAA1199. Arena et al.’s 
study indicated that several CRC cell lines were highly sensitive to 
olaparib. Moreover, response to olaparib was positively associated with 
sensitivity to oxaliplatin in CRC cells [38]. In our study, we found that 
olaparib can reverse the oxaliplatin resistance of CRC, which indicated 
that combination of olaparib and oxaliplatin may behave better than 
single drug.The most special characteristic of malignant tumor cells is 
their ability of metastasis [39]. To establish effective prevention and 
treatment strategies, molecular mechanisms of tumor metastasis should 
be uncovered firstly. Tumor metastasis is a complex process involving a 
series of biological steps [40]. It is believed that EMT plays a central role 

in tumor metastasis [41]. Mounting studies demonstrated that SNAI1 
was an important transcriptor involved in EMT [42]. Mechanistically, 
SNAI1 attenuates the expression of E-cadherin, a key membrane protein 
involved in cell adhesion. SNAI1 has been identified with O-GlcNAcy
lation sites correlated with its protein stability. Specifically, O-GlcNA
cylation of SNAI1 prevents its phosphorylation and subsequent 
proteasome degradation [43]. Herein, we verified that KIAA1199 could 
increase O-GlcNAcylation level of SNAI1, which resulted in EMT and 
metastasis of CRC. KIAA1199 may be a potential therapeutic target for 
CRC metastasis. 

Conclusion 

In conclusion, KIAA1199 mediates both oxaliplatin resistance and 
EMT of CRC cells. Mechanistically, KIAA1199 prevents ERS induced 
apoptosis in oxaliplatin resistant CRC cells and promote stability of 
SNAI1 via protein O-GlcNAcylation. Inhibition of KIAA1199 can reverse 
oxaliplatin resistance and reduce metastasis of CRC. 
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