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Abstract

The upregulation of O-GlcNAc signaling has long been implicated in the development and
progression of numerous human malignancies, including colorectal cancer. In this study, we
characterized eight colorectal cancer cell lines and one non-cancerous cell line for O-
GlcNAc-related profiles such as the expression of OGT, OGA, and total protein O-GIcNAcy-
lation, along with their sensitivity toward OSMI-1 (Os), an OGT inhibitor (OGTi). Indeed, Os
dose-dependently suppressed the viability of all colorectal cancer cell lines tested. Among
the three O-GIcNAc profiles, our results revealed that Os ICsq exhibited the strongest corre-
lation with total protein O-GIcNAcylation (Pearson Correlation Coefficient r = -0.73), sug-
gesting that total O-GlcNAcylation likely serves as a better predictive marker for OGTi
sensitivity than OGT expression levels. Furthermore, we demonstrated that Os exhibited a
synergistic relationship with regorafenib (Re). We believed that this synergism could be
explained, at least in part, by the observed Re-mediated increase of cellular O-GIcNAcyla-
tion, which was counteracted by Os. Finally, we showed that the Os:Re combination sup-
pressed the growth of NCI-H508 tumor spheroids. Overall, our findings highlighted OGTi as
a potential anticancer agent that could be used in combination with other molecules to
enhance the efficacy while minimizing adverse effects, and identified total cellular O-GIcNA-
cylation as a potential predictive marker for OGTi sensitivity.
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1. Introduction

Ranked third among the most prevalent types of cancer and cancer-associated death [1], colo-
rectal cancer (CRC) remains a significant global health challenge [2]. The incidence of CRC
has risen notably in Western nations, attributed in part to the aging population [3]. Despite
advancements in diagnostic technologies for early detection and the approval of novel antican-
cer medications, little improvement has been observed in cure rates and long-term survival
over recent decades [3]. Currently, treatment selection of colorectal cancer primarily relies on
cancer staging and tumor location [4]. However, despite adherence to standard treatment pro-
tocols, clinical outcomes still vary significantly, underscoring the substantial gap between cur-
rent treatment approaches and personalized CRC therapy [3,5].

Regorafenib (BAY 73-4506, Stivarga™, Bayer) is an oral multi-kinase inhibitor that has
demonstrated efficacy in the CORRECT trial for the treatment of metastatic colorectal cancer
(mCRC), particularly in patients refractory to standard therapies, including fluoropyrimidine,
oxaliplatin, irinotecan, anti-vascular endothelial growth factor therapy, and anti-EGFR agents
for those with wild-type KRAS [6]. The CORRECT trial evaluated regorafenib as a monother-
apy compared to placebo with best supportive care. The results showed a favorable outcome
for regorafenib over control group, including improved median overall survival (6.4 months
vs. 5.0 months) and progression-free survival (1.9 months vs. 1.7 months), leading to its clini-
cal approval by the US-FDA in 2012 and the EMA in 2013 [7]. Mechanism of action of regora-
fenib involves inhibiting multiple kinases involved in tumor growth and angiogenesis,
including vascular endothelial growth factor receptor (VEGFR), tyrosine kinase with immuno-
globulin and epidermal growth factor homology domain 2 (TIE2), fibroblast growth factor
receptor (FGFR), platelet derived growth factor receptor (PDGFR), RET, KIT and RAF [8].

By inhibiting these critical pathways, regorafenib reduces tumor proliferation and disrupts
angiogenesis. Its activity to target multiple oncogenic pathways highlights its potential in
mCRC management and further research.

First discovered in 1984, O-GlcNAcylation (O-linked-B-N-acetylglucosaminidation) is a
post-translational modification characterized by the attachment of N-Acetyl-D-glucosamine
moiety to serine and threonine residues of target proteins [9]. O-GlcNAcylation is governed
by two enzymes i.e. O-GlcNAc transferase (OGT) and O-GlcNAcase (OGA) which adds and
removes O-GIcNAc moieties, respectively. Elevated OGT expression and increased cellular
O-GlcNAcylation have been observed in many cancer types including prostate, breast and
colorectal cancer (reviewed in [10]). Over the years, O-GlcNAcylation has been linked to mul-
tiple cancer hallmarks through the modification and modulation of many cancer-relevant pro-
teins such as FOXM1 [11], c-MYC [12], B-catenin [13], snail [14] and NF-kB [15,16].
Furthermore, depletion of O-GlcNAc in cancer cells via si/shRNA has shown promising out-
comes in cancer treatment including decreased proliferation, inhibited anchorage indepen-
dent growth, suppression of metastatic phenotypes and sensitizing cancer cells to certain
anticancer drugs [11-13,17,18]. Given the attractiveness of OGT as a potential molecular tar-
get for cancer treatment, several small molecule inhibitors of OGT (OGT1) have been devel-
oped [19-22].

Despite the evidence indicating the promise of targeting OGT for CRC treatment, the
effects of OGT inhibition among CRC cell lines remain largely unexplored. In this study, the
we characterized eight CRC cell lines for O-GlcNAc-related profiles including the expression
of OGT, OGA, and total protein O-GlcNAcylation, along with their sensitivity toward an
OGTi OSMI-1 (Os). We provided evidence that, among the three O-GlcNAc profiles, total
protein O-GlcNAcylation emerged as a potential predictive marker OGT1 sensitivity.
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Furthermore, we demonstrated that combining Os with a well-known anticancer agent like
Regorafenib (Re) benefited from a synergistic effect.

2. Materials and methods
2.1. Chemicals and reagents

The fetal colonic epithelial cell line FHC and colorectal cancer cell lines Colo205, HCT15,
SW1116, NCI-H508, HT29, SW948, HCT116, and Caco-2, were acquired from ATCC
(Manassas, VA, USA). Cell culture media including Dulbecco’s modified Eagle’s medium
(DMEM), DMEM/F12, RPMI1640 (RPMI), Leibovitz’s L-15 (L15), as well as supplements
such as non-essential amino acids (NEAA), glutamax, fetal bovine serum (FBS), and penicil-
lin/streptromycin (Pen/Strep) solution, were purchased from Gibco (USA). U-bottom ultra-
low attachment 96-well plates (No. 7007) were obtained from Corning (NY, USA). N-Acetyl-
D-Glucosamine (GlcNAc) was sourced from Phitsanuchemicals (Thailand). Dithiothreitol
(DTT) was sourced from Amresco (USA).

Human epithelial growth factor (hEGF), transferrin, insulin, HEPES, OSMI-1 (Os),
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), and dimethyl
sulfoxide (DMSO) were procured from Sigma-Aldrich (USA). Annexin-FITC apoptosis
reagent (A13199) and Propidium iodide (PI) were purchased from Thermofisher (Wal-
tham, MA, USA). Irinotecan (Irinotel) was sourced from Fresenius Kabi Oncology
(India). Cholera toxin and Regorafenib (Re) were obtained from MedChemExpress
(USA).

Primary antibodies against O-GlcNAc (RL2, SC-59624, mouse monoclonal), OGA (SC-
135093, rabbit monoclonal), and OGT (SC-32921, rabbit monoclonal) were acquired from
Santa Cruz Biotechnology (Dallas, TX, USA). The primary antibody against actin (C4,
MAB1501, mouse monoclonal) was obtained from Merck Millipore (Darmstadt, Germany).
HRP-conjugated secondary antibodies, including goat-anti-rabbit and goat-anti-mouse IgG,
were purchased from Thermofisher (Waltham, MA, USA) and Seracare (Milford, MA, USA),
respectively. Polyvinylidene difluoride (PVDF) membranes were sourced from GE Healthcare
(Chicago, IL, USA). X-ray film (Hyperfilm ECL) and chemiluminescent ECL reagents (Amer-
sham ECL Prime, RPN2236) were procured from Cytiva (Marlborough, MA, USA).

2.2. Cell cultures

Col0205, HCT15 and NCI-H508 were cultured in RPMI supplemented with 10% FBS and 1%
Pen/Strep. Caco-2 cells were cultured in DMEM supplemented with 10% FBS and 1% Pen/
Strep. HCT116 and HT29 cells were cultured in DMEM supplemented with 10% FBS, 1%
NEAA, 1% glutamax and 1% Pen/Strep. SW1116 and SW948 were cultured in L15 supple-
mented with 10% FBS and 1% Pen/Strep. FHC cells were cultured in DMEM/F12 supple-
mented with 10% FBS, 20 ng/mL hEGF, 5 pug/mL insulin, 5 ug/mL transferrin, 10 ng/mL
cholera toxin, 100 ng/mL hydrocortisone, 50 pmol/L HEPES and 1% Pen/Strep. All cells were
maintained under humidified atmosphere at 37°C and 5% CO, except for SW1116 and
SW948 which were cultured under atmospheric air.

2.3. Cytotoxicity tests

Cytotoxicity assessments were conducted in 96-well plates. Cells were initially seeded at a den-
sity of 8,000 cells per well and allowed to adhere overnight. For the cytotoxic evaluation of Os
monotherapy, cells were exposed to varying concentrations of Os (100, 50, 20, 10, and 2 uM).
Similarly, for the cytotoxic assessment of Re monotherapy, cells were treated with Re at
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different concentrations (100 to 0.01 pM, with serial 10-fold dilutions). For the combination
therapy of Os and Re, cells were treated with different concentrations of both agents. The non-
cancerous cell line FHC served as the control for normal cells. DMSO, utilized for dissolving
Os and Re, served as the vehicle control and was maintained at a final concentration of 0.5%
(v/v) in the cell culture media for all experimental conditions. Following exposure to the test
agents for 72 h, cell viability was determined using the MTT assay. All experiments were per-
formed in triplicate. The results were expressed as the percentage of cell viability normalized
to the vehicle control.

2.4. MTT assay

To assess cell viability, the MTT assay was conducted as previously published [23]. In brief,
after reaching the designated exposure duration, the stock solution of MTT was added to a
final concentration of 1.25 mg/mL and incubated for 4 h at 37°C. Then the culture media were
aspirated, and DMSO was added at 100 uL per well. Absorbance at 550 nm was determined
using a UV-Vis VICTOR Nivo Multimode Microplate Reader (PerkinElmer, Waltham, USA).

2.5. Western blot analysis

Western blot was performed as previously published [24], with some modifications. Cells were
exposed to the designated test conditions and subsequently harvested. Cell lysis was performed
using a lysis buffer supplemented with protease inhibitors, composed of 150 mM NaCl, 0.1%
w/v sodium dodecyl sulfate, 0.5% w/v sodium deoxycholate, 1% v/v Triton NP-40, 50 mM Tris
pH 8.0, along with 5 ug/mL leupeptin, 2 pg/mL aprotinin, 1 pg/mL pepstatin A, 1 mM PMSF,
1 mM benzamidine. 5 mM NaF, 1 mM sodium orthovanadate and 5 mM EDTA. Cell lysis was
facilitated by sonication, and the resulting cell lysates were collected. The total protein concen-
tration of each lysate was determined using the Bradford assay. SDS-PAGE electrophoresis
was carried out at 160 V for 1 h. Subsequently, the resolved proteins were transferred onto
PVDF membranes at 350 mA for 1.5 h. Membranes were then blocked with 5% nonfat dried
milk in TBST for 1 h. Afterward, membranes were then probed with primary antibodies
against O-GIcNAc (dilution 1:200), OGT (dilution 1:1000), OGA (dilution 1:1000), and actin
(dilution 1:10000) overnight at 4°C. After four washes of 5 min each, the membranes were
incubated with the appropriate secondary antibodies (anti-mouse IgG or anti-rabbit IgG) for 2
h and washed four times for 5 min each. Finally, membranes were treated with chemilumines-
cent ECL reagent and exposed to X-ray film for signal detection. The intensity of each band
(for OGA, OGT, and actin) or lane (for O-GlcNAc) was quantified using the Image] program
(National Institutes of Health, Bethesda, MD, USA), normalized to the actin loading control
and further normalized to the sum of intensities across the nine cell lines to account for differ-
ences in exposure time (the sum of O-GlcNAc, OGT and OGA signal on each membrane was
set to 100). Western blot experiments were performed in triplicate. Data were expressed as
mean * SD as shown in Fig 2C-2E.

2.6. Verification of antibody specificity for O-GlcNAc moieties

To increase intracellular O-GlcNAcylation, cells were treated with 1 mM DTT following the
method described by Reeves et al. [25]. Briefly, HCT116 cells were exposed to 1 mM DTT for
4h. Cell pellet was then collected for western blot analysis, with untreated HCT116 cell lysates
loaded in equal amount as a control.

To confirm that the RL2 antibody specifically reacts with GIcNAc moieties, HCT116 cell
lysates were equally loaded for western blot analysis as described, transferred to PVDF mem-
brane and cut into 4 pieces. One membrane was subjected to GlcNAc blocking as described by
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Verathamjamras et.al. [26], by adding GIcNAc to a final concentration of 100 mM during the
blocking and primary antibody incubation.

The control membrane was processed without GIcNAc addition. GIcNAc blocking was
expected to reduce the reactivity of the O-GlcNAc-specific antibody.

Another membrane was subjected to on-blot B-elimination as outlined by Reeves et.al. [25],
a method that selectively eliminated O-linked glycans while preserving N-linked glycans. The
membrane was incubated with 55mM NaOH at 40°C overnight, while the control membrane
was incubated in H,O at the same temperature and duration. Afterward, membranes were
washed three times in TBST, blocked with 5% nonfat dried milk in TBST and probed with
antibodies as described in western blot protocol. For GIcNAc blocking and on-blot -elimina-
tion, the treated membranes were placed side by side with the control membrane when ECL
substrate was applied and then simultaneously exposed to X-ray film to ensure an equal expo-
sure time.

2.7. Calculation and interpretation of pharmacological interaction by
CompuSyn software

To assess the pharmacological interaction between Os and Re, the cell viability data from the
combination experiment were analyzed using CompuSyn software with the Chou-Talalay
method [27,28] as previously published [23]. The resulting combination index (CI) was
employed to determine whether the interaction was synergistic (CI < 1), antagonistic

(CI > 1), or additive (CI = 1). Additionally, the dose reduction index (DRI) was calculated,
representing the fold reduction of drug dose in monotherapy relative to its dose in combined
treatment required to achieve the same inhibitory effect. A DRI > 1 indicates favorability
towards dose reduction.

2.8. Apoptosis analysis by flow cytometry

Flow cytometry examination of apoptotic cells was conducted as previously published [29]
with some adjustments. In brief, NCI-H508 and FHC cells were subjected to test substances
for 72 h. Subsequently, cells were harvested and resuspended in PBS for enumeration. For
each replicate, 1x10° and 6.5x10* cells were collected for NCI-H508 and FHC cells, respec-
tively, and stained with 5ul of FITC-conjugated annexin-V in binding buffer (0.1 M HEPES,
1.5 M NaCl, 50 mM KCl, 50 mM MgCl,, 18 mM CaCl,, pH 7.4) for 15 min under light protec-
tion at room temperature. Then, propidium iodide was added to reach 5 pg/mL final concen-
tration and incubated for 15 min under light protection at room temperature. Cells were then
analyzed with a flow cytometer (Attune NxT, Thermo Fischer). Data analysis was performed
using Attune NxT Software (Thermo Fischer). All experiments were conducted in triplicate.

2.9. Cell cycle distribution analysis

Flow cytometry analysis of cell cycle distribution by propidium iodide staining was conducted
as previously published [29] with some adjustments. In brief, NCI-H508 cells were subjected
to test agents for 72 h. Subsequently, cells were washed with PBS, harvested and fixed with
70% ice-cold ethanol. Subsequently, cells were washed with ice-cold PBS twice and treated for
5 min at room temperature with 100 ug/mL of DNase free RNase A in PBS containing 0.1% v/
v Triton-X 100. Alterward, cells were stained with 20 ug/mL propidium iodide in PBS contain-
ing 0.1% v/v Triton-X 100 while protected from light for 15 min at room temperature. Cells
were then analyzed with a flow cytometer (Attune NxT, Thermo Fischer). Data analysis was
performed using Attune NxT Software (Thermo Fischer). All experiments were conducted in
triplicate.
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2.10. 3D spheroid culture

Spheroid culture were performed in 96-well U-bottom ultralow adherent plates. NCI-H508
cells were seeded at a density of 300 cells/well and incubated for 2 d to allow spheroid forma-
tion. Afterward, spheroids were exposed to Os, Re or their combinations for 9 d (8 spheroids/
treatment condition). Images of the spheroids were captured under 40x magnification using
an inverted microscope (Eclipse TE 2000-U, Nikon, Japan). To quantify spheroid size, the
images were analyzed to measure their areas using image J software.

2.11. Data analysis

All data were shown as means * standard deviations (SD). One-way ANOVA with Tukey’s
HSD post-hoc test was used to determine the statistical significance between treatment multi-
ple groups (Figs 1, 2 and 4-7). Two-tailed Student’s t-test was used to determine the statistical
significance between two groups (box & whisker plots in Figs 2 and S3). Pearson correlation
coefficient (r) was calculated to determine the correlation between O-GlcNAc-related signa-
tures (i.e. total O-GlcNAcylation, OGT, and OGA protein expression levels) and sensitivity to
Os using Microsoft Excel 2016 (Fig 3). Half-maximal inhibitory concentration (IC5,) was com-
puted using the non-linear regression log (inhibitor) vs. normalized response - Variable slope
[30]. GraphPad Prism software version 7 was used for ICs, calculations and statistical analysis.
p-value < 0.05 signified statistical significance.
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Fig 1. Cytotoxic activity and ICs, of Os against CRC cell lines from different molecular subtypes. FHC cells were
used as a non-cancerous cell control. The dashed line (---) represented % cell viability following treatment with

100 uM Irinotecan (Iri) as the positive control. Data presented as mean + SD (n = 3). *, **,*** p < 0.05, 0.01 and 0.001
compared to the vehicle control, respectively.

https://doi.org/10.1371/journal.pone.0312173.9001
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CMSL  CMS2  CMSI CMS$ 100923
— ———% —— —— Bw OSML1 Sensitivity

Fig 2. The level of OGT, OGA and O-GlcNAcylation of intracellular proteins in CRC cell lines from different
CMS molecular subclass. (A) Representative western blot images of protein O-GlcNAcylation, OGT and OGA in
CRC cell lines. (B) CRC cell lines sorted by Os sensitivity from low to high (left to right). The dashed line (---)
represented the mean Os ICsq (~35 pM). Gray bars represented CRC cells having Os ICsy > 35 uM. White bars
represented CRC cells having Os IC5, < 35 uM. Normalized (C) O-GlcNAc, (D) OGA, and (E) OGT intensities of
each cell line (bar graph) or CRC cell lines categorized into two groups based on Os ICs, (box & whisker plot). Data
presented as mean + SD (n = 3), *, **, *** p < 0.05, 0.01 and 0.001, respectively.

https://doi.org/10.1371/journal.pone.0312173.g002

3. Results
3.1. Cytotoxicity profile of Os against CRC cell lines

Firstly, to evaluate the toxicity profile of Os against CRC cells, eight CRC cell lines, comprising
two cell lines from each consensus molecular subtypes (CMSs) [31], were subjected to Os treat-
ment at various concentrations (Fig 1). Indeed, Os treatment elicited a dose-dependent sup-
pression of cell viability across all CRC cell lines, with ICs, values ranging from approximately
20 to 50 uM. Notably, the toxicity of Os did not exhibit discernible specificity towards any par-
ticular CMS subclass. Moreover, the cytotoxic effects of Os appeared to be more pronounced
in CRC cells compared to normal colonic epithelial cells, as evidenced by the response of the
FHC cell line (ICso ~ 90 uM), suggesting the presence of a therapeutic window exploitable for
CRC treatment. Among the CRC cell lines examined, NCI-H508 emerged as the most suscep-
tible to Os, as indicated by the lowest IC5, value.

3.2. The correlation between cellular O-GIcNAcylation and OS sensitivity

Subsequently, we asked whether the toxicity of Os correlated with the O-GlcNAcylation of
intracellular proteins or the expression levels of the two governing enzymes, OGT and OGA.
We thus conducted western blot analysis using specific antibodies against O-GIcNAc, OGT,
and OGA in triplicate (SIA-S1C Fig). Note that S1A Fig was selected as a representative image
shown in Fig 2A. Our results revealed a notable increase in global O-GlcNAcylation, as well as
OGT and OGA protein expression, in CRC cells compared to the normal cell control FHC. To
confirm that the antibody specifically detected O-GlcNAc, we conducted western blot using
HCT116 cell lysates under various stress conditions, including treatment with 1 mM DTT,
blocking with 100 mM GlcNAc, and on-blot B-elimination which removed O-linked glycans
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Fig 3. The correlation between O-GlcNAcylation pathway and sensitivity to OGTi in CRC cell lines. Scatter plot
between ICs of Os vs. mean (A) O-GlcNAcylation, (B) OGT protein expression and (C) OGA protein expression. ,
Pearson correlation coefficient.

https://doi.org/10.1371/journal.pone.0312173.g003

(S2 Fig) [25,26]. As reported by other research groups, 1 mM DTT treatment increased total
protein O-GlcNAcylation (S2 Fig, lane 2 vs. lane 1 control). In contrast, the O-GlcNAc signal
was markedly reduced by the presence of 100 mM GlcNAc in the blocking buffer used with the
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Fig 4. Cytotoxic activity of Re against NCI-H508 and FHC cells. Data presented as mean + SD (n = 3). *** p < 0.001 compared to the vehicle control.

https://doi.org/10.1371/journal.pone.0312173.g004
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therapy. (C) Changes in NCI-H508 total O-GlcNAcylation, OGT and OGA protein expression levels upon exposure of Os, Re or their combinations

determined by western blot.

https://doi.org/10.1371/journal.pone.0312173.g005

anti-O-GIcNAc antibody (S2 Fig, lane 4 vs. lane 3 control). A similar reduction was observed in
the membrane subjected to on-blot B-elimination (S2 Fig, lane 6 vs. lane 5 control).

We then sorted the CRC cells based on their Os ICs values (Fig 2B) from high to low and
utilized the mean Os ICs, (~35 uM) as the cut-off to divide the cells to two groups: those with
high sensitivity (white bars) and those with low sensitivity (gray bars) to Os. The intensity of
O-GlcNAc, OGT, and OGA signals in each CRC cell was quantified and presented in the same
order (Fig 2C-2E, respectively). Intriguingly, CRC cells exhibiting high sensitivity to Os dis-
played significantly elevated levels of intracellular O-GlcNAc (Fig 2C, box & whisker plot,

p =0.0154) compared to those less sensitive to Os. However, no discernible trend was observed
in OGT and OGA levels between the two groups (Fig 2D-2E). Furthermore, we examined the
correlation between O-GlcNAc-related signatures and OGT1 sensitivity through a scatter plot
analysis to calculate the Pearson correlation coefficient (r, Fig 3). Remarkably, a strong nega-
tive correlation (r = -0.73) was evident between Os sensitivity and total protein O-GlcNAcyla-
tion (Fig 3A), while moderate correlations were observed between Os sensitivity versus OGT
and OGA expression (r = -0.46 and -0.58, respectively) (Fig 3B and 3C). Taken together, our
data suggest that intracellular O-GIcNAc levels may serve as a more robust marker than OGT
or OGA protein expression in predicting Os sensitivity in CRC cells.
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Fig 6. The effect of Os and Re combination at a molar ratio 10:1 (Os: Re) on NCI-H508 cell death. (A) Cellular
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(B) total dead cells and (C) total apoptotic cells. Data presented as mean + SD, n = 3. **, *** p < 0.01 and 0.001
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https://doi.org/10.1371/journal.pone.0312173.9007
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3.3. Synergistic anticancer activity between Os and Re

Since the majority of anticancer therapies rely on the use of multiple drugs to leverage pharma-
cological synergy, we investigated whether Os could be employed in combination with another
anticancer agent to achieve enhanced inhibitory effects. For this purpose, we selected the
multi-kinase inhibitor regorafenib (Re) as a model drug. First, cytotoxic activity of Re was
examined in NCI-H508 and FHC cells (Fig 4). Indeed, a dose-dependent cytotoxicity was
observed at concentration higher than 1 uM. To explore the interaction between Os and Re,
NCI-H508 cells were treated with varying concentrations of both agents. Specifically, cells
were exposed to Os at 10, 15, 20, and 30 uM or Re at 1, 5, 10, and 20 uM, either individually or
simultaneously, utilizing a checkerboard design (Table 1). Subsequently, the cell viability data
obtained was analyzed using Compusyn software to calculate the combination index (CI) and
determine the pharmacological interaction—whether antagonistic (CI >1), additive (CI = 1),
or synergistic (CI <1)—using the Chou-Talalay method [27,28] (Table 2). The results unveiled
a synergistic interaction between Os and Re at certain combinations, particularly those involv-
ing Os concentrations ranging from 10 to 20 uM and Re at 1 uM. Given that the combination
containing Os and Re at 10 and 1 pM (Os:Re 10:1), respectively, yielded the lowest CI value,
this molar ratio was selected for further investigation.

3.4. The synergism between Os and Re is partly explained by Os-mediated
reversal of increased cellular O-GIcNAcylation induced by Re treatment

Based on the promising cytotoxic activity observed with the combination Os:Re 10:1, we pro-
ceeded to investigate this combination ratio in NCI-H508 cells (Fig 5A) and the normal
colonic cell line FHC (Fig 5B). Interestingly, the cytotoxic activity of the Os:Re 10:1 and 20:2
dual treatments against NCI-H508 cells was significantly higher than that of monotherapy at
equivalent concentrations, while exhibiting minimal cytotoxicity against non-cancerous cells
(Fig 5B). Concurrently, we explored the levels of intracellular O-GlcNAcylation and the pro-
tein expression of OGT and OGA upon exposure to Os, Re, or their combined treatment using
western blot analysis (Fig 5C). As anticipated, a reduction in O-GlcNAcylation was observed
in NCI-H508 cells treated with Os (lanes 2-3). Consistent with previous reports by indepen-
dent research groups, Os treatment led to an increase in OGT and a decrease in OGA protein
levels, indicating a cellular compensatory mechanism to maintain intracellular O-GlcNAcyla-
tion levels upon OGT inhibition [32,33]. Interestingly, treatment of cells with Re resulted in a
marked increase in cellular O-GlcNAcylation especially at low concentrations (lane 4-5),
which was reversed upon addition of Os (lane 7-8). Furthermore, it is noteworthy that while
the Re-mediated increase in O-GlcNAcylated proteins was accompanied by a robust increase

Table 1. The effect of Os, Re and Os-Re combination on the viability of NCI-H508 cells.

= 0
=
= 10
o 15
2 20
=]

30

Data presented as mean and SD (n = 3).

Mean
100.00
109.09
86.42
38.60
24.66

SD
2.44
1.66
1.23
3.47
0.43

https://doi.org/10.1371/journal.pone.0312173.t001

Regorafenib (uM)

1 5 10 20
Mean SD Mean SD Mean SD Mean SD
85.86 7.82 40.75 3.09 32.35 4.71 27.25 4.04
52.86 6.02 53.71 0.77 38.97 3.27 28.84 2.85
45.44 3.97 46.04 1.30 32.96 2.09 19.99 3.18
33.39 4.26 38.78 2.69 16.78 1.75 14.01 1.88
13.11 0.69 16.11 0.52 8.75 2.27 4.70 0.27
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Table 2. The interaction of Os and Re, and DRI determined by CompuSyn software.

Os
(uM)
0
15
10
20
15
30
10
20
15
30
20
30
10
15
20
0

Re
(uM)
20
20
10
20
10
20
5
10

— === n|wn

Molar Ratio
Os:Re

0.5
0.75

30

% Viability % Inhibition CI Interaction DRI Os DRI Re
(100-% Viability)

28.84 71 1.9 antagonism 2.66 0.66
19.99 80 1.42 antagonism 2.00 1.09
38.97 61 1.63 antagonism 2.38 0.83
14.01 86 1.19 antagonism 1.67 1.69
32.96 67 1.52 antagonism 1.69 1.08

4.7 95 0.86 synergism 1.47 A2
53.71 46 1.62 antagonism 2.04 0.88
16.78 83 1.01 additive 1.58 2.67
46.04 54 1.49 antagonism 1.48 1.23
8.75 91 0.97 additive 1.26 5.66
38.78 61 1.45 antagonism 1.19 1.65
16.11 84 1.11 antagonism 1.07 5.76
52.86 47 0.7 synergism 2.06 4.60
45.44 55 0.83 synergism 1.49 6.41
33.39 67 0.88 synergism 1.27 10.81
13.11 87 0.91 additive 1.14 36.99

The combinations exhibiting synergistic relationship were highlighted. CI = Combination index, DRI = Dose reduction index.

https://doi.org/10.1371/journal.pone.0312173.t002

in OGA expression, OGT protein levels remained largely unchanged. Therefore, we hypothe-
sized that Re treatment increased intracellular O-GlcNAcylation possibly by enhancing OGT
enzymatic activity, which was counteracted by Os, thus explaining the observed synergism
between the two agents at low Re concentrations (1-2 uM). Nonetheless, further experiments
are warranted to validate the effect of Re on OGT and OGA enzymatic activity.

3.5. Combined Os:Re treatment increased NCI-H508 cell death

Considering the promising cytotoxic activity observed with Os:Re 10:1 and 20:2, we sought to
determine whether this effect was attributable to increased cell death. To this end, we con-
ducted flow cytometry analysis on NCI-H508 cells treated with Os:Re 10:1, 20:2, and mono-
therapy at corresponding concentrations, utilizing FITC-conjugated Annexin-V and PI
staining (Fig 6A). Consistent with the cell viability data, our results revealed a significant
increase in total dead cells (comprising Annexin+/PI-, Annexin-/PI+, and Annexin+/PI+ pop-
ulations) and total apoptotic cells (comprising Annexin+/PI- and Annexin+/PI+ populations)
in the Os:Re 10:1 treatment group compared to monotherapy (Fig 6B and 6C). A similar trend
was observed with Os:Re 20:2 treatment, although the increase in dead and apoptotic cells was
not statistically significant compared to Os monotherapy. These findings collectively suggested
that the cytotoxic activity of the dual therapy was associated with elevated cell death, at least
under the conditions of concentration and exposure time investigated (72 h). Next, to confirm
that the combination therapy elicited limited cytotoxicity against non-cancerous cells, flow
cytometry was performed on FHC cells treated with Os:Re 20:2 combination (S3A Fig). The
result revealed minimal change in the percentage of dead and apoptotic cells in the treatment
group compared to that of the vehicle control (S3B and S3C Fig, respectively), consistent with
cell viability data (Fig 5A). Furthermore, it might be noteworthy to mention that cell cycle dis-
tribution of NCI-H508 cells remained largely unaffected by Os and Re treatment at these con-
centrations (54 Fig), suggesting that the elevated cell death was likely cell-cycle independent.
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3.6. Combined Os:Re treatment inhibited NCI-H508 spheroid growth

Finally, the anticancer efficacy of the Os:Re combination treatment was evaluated against
NCI-H508 3D spheroids (Fig 7). Indeed, Os treatment led to a suppression of spheroid growth,
whereas Re treatment resulted in minimal inhibition (Fig 7A), indicating that the cytotoxic
effects of Os and Re observed in 2D cell culture were recapitulated in our 3D spheroid model.
Interestingly, the Os:Re 10:1 combination treatment exhibited significantly enhanced inhibi-
tory activity compared to monotherapy at equivalent concentrations (Fig 7B). Treatment with
Os:Re at a ratio of 20:2 demonstrated a notably higher inhibitory effect compared to the 10:1
condition and Re monotherapy at 2 {M; however, such increase was not statistically significant
when compared to Os monotherapy at 20 uM.

4. Discussion

To our knowledge, there have been no previous reports directly examining the OGTi-medi-
ated decrease in the viability of colorectal cancer cells. However, Lee et al. reported that Os
treatment of HCT116 cells was accompanied by an increased cytochrome C [34], suggesting
that Os treatment is associated with increased cancer cell death. In vivo experiments with mice
revealed that Os treatment at 1 mg/kg I'V once per day for 3 weeks decreased tumor volume in
HCT116 tumor xenografts [34]. Additionally, OGTi treatment in other cancer types, including
prostate, breast, endometrial, liver, pancreatic, and bladder cancer, elicited beneficial antican-
cer effects, such as suppression of cell viability, cell growth, migration, and invasion [12,33,35-
40]. Similar effects were observed in cancer cells treated with si/shRNA targeting OGT [41-
43]. Moreover, the anticancer activity of OGTi is likely a class effect, as similar activities were
reported with other OGTi compounds such as OSMI-2 (16) and ST045849 (33). We also
reported that OGT1 exerted a synergistic anticancer activity with the multi-kinase inhibitor
regorafenib. In line with our data, other research groups also reported the synergism of OGTi
with other anticancer agents [36,37]. Finally, OGTi was tolerable in animal, at least to a certain
extent, as Os dose as high as 10 mg/kg administered intravenously has been investigated in
mice by several independent research groups [34,38,40,44]. Together, these data supported the
value and feasibility of OGTi as a potential anticancer agent for various human malignancies
both as mono and combined therapy. Further researches are thus warranted to assess the activ-
ity of OGTi in various cancer types and perhaps to assess whether the addition of OGTi to
established anticancer agents or regimes confers therapeutic benefits.

Although sensitivity to OGTi did not exhibit any detectable correlation with a specific CMS
molecular subclass, our data provided evidence that OGT1 exerted inhibitory activities against
colorectal cancer cell lines and could be used synergistically with certain anticancer agents,
such as regorafenib. Moreover, cellular O-GlcNAcylation was identified as a better predictive
marker for OGTi sensitivity than the expression levels of the two O-GlcNAc-regulating pro-
teins, namely OGT and OGA. Further research efforts should thus focus on the development
of rapid and high-throughput assays to measure intracellular O-GlcNAcylation which will
pave the way for establishing reliable criteria to pinpoint OGTi-sensitive cancers.

Supporting information

S1 Raw images. Raw images underlying all western blot results.
(PDF)

S1 Fig. Western blot data showing OGT, OGA and total O-GlcNAcylation levels of CRC
cell lines from different CMS molecular subclass performed in triplicate (A-C). FHC cells
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were used as a non-cancerous cell control.
(TIF)

S2 Fig. The anti-O-GlcNAc antibody (RL2) specifically reacted to O-GlcNAc. Western blot
analysis of HCT116 cell lysates under various conditions: Lane 1, 3 and 5, untreated HCT116
cell lysate controls; lane 2, HCT116 treated with 1 mM DTT for 4h; lane 4, 100 mM GlcNAc
blocking; and lane 6, on-blot B-elimination. Note that lane 1 and 2 were on the same blot,
while lane 3-6 were duplicated blots subjected to different processing, as described in materials
and methods.

(TIF)

S3 Fig. The effect of Os and Re combination at a molar ratio 20:2 (Os:Re) on FHC cell
death. (A) Cellular apoptosis/necrosis determined by Annexin-V/PI double staining and flow-
cytometry analysis. The bar graph depicted (B) total dead cells and (C) total apoptotic cells.
Data presented as mean + SD, n = 3. NS, p > 0.05.

(TIF)

$4 Fig. The effect of Os and Re combination at molar ratio 10:1 (Os:Re) on cell cycle distri-
bution of NCI-H508. (A) Representative histogram plot of cells stained with PI analyzed by
flow-cytometry. (B) Quantitation of cells in GO/G1, S and G2/M phases of the cell cycle based
on PI staining status. Data presented as mean + SD (n = 3).

(TIF)

Acknowledgments

We gratefully acknowledged the Faculty of Pharmacy, Silpakorn University, for providing the
essential facilities and research equipment necessary for the completion of this study.

Author Contributions

Conceptualization: Pawaris Wongprayoon, Purin Charoensuksai.

Formal analysis: Pawaris Wongprayoon, Supusson Pengnam, Purin Charoensuksai.
Funding acquisition: Purin Charoensuksai.

Investigation: Pawaris Wongprayoon, Supusson Pengnam, Roongtiwa Srisuphan,
Purin Charoensuksai.

Methodology: Pawaris Wongprayoon, Supusson Pengnam, Purin Charoensuksai.
Project administration: Purin Charoensuksai.

Resources: Pawaris Wongprayoon, Praneet Opanasopit, Siwanon Jirawatnotai,
Purin Charoensuksai.

Supervision: Pawaris Wongprayoon, Praneet Opanasopit, Siwanon Jirawatnotai,
Purin Charoensuksai.

Validation: Purin Charoensuksai.

Visualization: Pawaris Wongprayoon, Supusson Pengnam, Siwanon Jirawatnotai,
Purin Charoensuksai.

Writing - original draft: Pawaris Wongprayoon, Supusson Pengnam, Purin Charoensuksai.

Writing - review & editing: Pawaris Wongprayoon, Supusson Pengnam, Praneet Opanasopit,
Siwanon Jirawatnotai, Purin Charoensuksai.

PLOS ONE | https://doi.org/10.1371/journal.pone.0312173  October 16, 2024 14/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0312173.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0312173.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0312173.s005
https://doi.org/10.1371/journal.pone.0312173

PLOS ONE

Sensitivity to O-GIcNAc Inhibitor correlates with cellular O-GlcNAcylation

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA Cancer J Clin. 2023; 73(1):17-
48. https://doi.org/10.3322/caac.21763 PMID: 36633525

Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, et al. Cancer incidence and mortal-
ity worldwide: sources, methods and major patterns in GLOBOCAN 2012. International journal of can-
cer. 2015; 136(5):E359-86. https://doi.org/10.1002/ijc.29210 PMID: 25220842

Kuipers EJ, Grady WM, Lieberman D, Seufferlein T, Sung JJ, Boelens PG, et al. Colorectal cancer.
Nature reviews Disease primers. 2015; 1:15065. https://doi.org/10.1038/nrdp.2015.65 PMID: 27189416

Brenner H, Kloor M, Pox CP. Colorectal cancer. Lancet (London, England). 2014; 383(9927):1490—
502. https://doi.org/10.1016/S0140-6736(13)61649-9 PMID: 24225001

Linnekamp JF, Wang X, Medema JP, Vermeulen L. Colorectal cancer heterogeneity and targeted ther-
apy: a case for molecular disease subtypes. Cancer Res. 2015; 75(2):245-9. https://doi.org/10.1158/
0008-5472.CAN-14-2240 PMID: 25593032

Grothey A, Van Cutsem E, Sobrero A, Siena S, Falcone A, Ychou M, et al. Regorafenib monotherapy
for previously treated metastatic colorectal cancer (CORRECT): an international, multicentre, rando-

mised, placebo-controlled, phase 3 trial. Lancet (London, England). 2013; 381(9863):303—12. https://
doi.org/10.1016/S0140-6736(12)61900-X PMID: 23177514

Maijithia N, Grothey A. Regorafenib in the treatment of colorectal cancer. Expert Opin Pharmacother.
2016; 17(1):137-45. https://doi.org/10.1517/14656566.2016.1118054 PMID: 26559195

Wilhelm SM, Dumas J, Adnane L, Lynch M, Carter CA, Schiitz G, et al. Regorafenib (BAY 73—-4506): a
new oral multikinase inhibitor of angiogenic, stromal and oncogenic receptor tyrosine kinases with
potent preclinical antitumor activity. International journal of cancer. 2011; 129(1):245-55. https://doi.
org/10.1002/ijc.25864 PMID: 21170960

Torres CR, Hart GW. Topography and polypeptide distribution of terminal N-acetylglucosamine resi-
dues on the surfaces of intact lymphocytes. Evidence for O-linked GIlcNAc. J Biol Chem. 1984; 259
(5):3308-17. https://doi.org/10.1016/S0021-9258(17)43295-9 PMID: 6421821

Ferrer CM, Sodi VL, Reginato MJ. O-GlcNAcylation in Cancer Biology: Linking Metabolism and Signal-
ing. Journal of molecular biology. 2016; 428(16):3282-94. https://doi.org/10.1016/j.jmb.2016.05.028
PMID: 27343361

Caldwell SA, Jackson SR, Shahriari KS, Lynch TP, Sethi G, Walker S, et al. Nutrient sensor O-GIcNAc
transferase regulates breast cancer tumorigenesis through targeting of the oncogenic transcription fac-
tor FoxM1. Oncogene. 2010; 29(19):2831—42. https://doi.org/10.1038/onc.2010.41 PMID: 20190804

Itkonen HM, Urbanucci A, Martin SE, Khan A, Mathelier A, Thiede B, et al. High OGT activity is essential
for MYC-driven proliferation of prostate cancer cells. Theranostics. 2019; 9(8):2183-97. https://doi.org/
10.7150/thno.30834 PMID: 31149037

GuY,MiW, GeY, LiuH, Fan Q, Han C, et al. GIcNAcylation plays an essential role in breast cancer
metastasis. Cancer Res. 2010; 70(15):6344—51. https://doi.org/10.1158/0008-5472.CAN-09-1887
PMID: 20610629

Park SY, Kim HS, Kim NH, Ji S, Cha SY, Kang JG, et al. Snail1 is stabilized by O-GIcNAc modification
in hyperglycaemic condition. EMBO J. 2010; 29(22):3787-96. https://doi.org/10.1038/emboj.2010.254
PMID: 20959806

Ma Z, Vocadlo DJ, Vosseller K. Hyper-O-GIcNAcylation is anti-apoptotic and maintains constitutive NF-
KB activity in pancreatic cancer cells. The Journal of biological chemistry. 2013; 288(21):15121-30.
https://doi.org/10.1074/jbc.M113.470047 PMID: 23592772

Yang YR, Kim DH, Seo Y-K, Park D, Jang H-J, Choi SY, et al. Elevated O-GlcNAcylation promotes
colonic inflammation and tumorigenesis by modulating NF-kB signaling. Oncotarget. 2015; 6
(14):12529-42. https://doi.org/10.18632/oncotarget.3725 PMID: 25915426

Kwei KA, Baker JB, Pelham RJ. Modulators of sensitivity and resistance to inhibition of PI3K identified
in a pharmacogenomic screen of the NCI-60 human tumor cell line collection. PLoS One. 2012; 7(9):
e46518-e. https://doi.org/10.1371/journal.pone.0046518 PMID: 23029544

Lynch TP, Ferrer CM, Jackson SR, Shahriari KS, Vosseller K, Reginato MJ. Critical role of O-Linked 3-
N-acetylglucosamine transferase in prostate cancer invasion, angiogenesis, and metastasis. The Jour-
nal of biological chemistry. 2012; 287(14):11070-81. https://doi.org/10.1074/jbc.M111.302547 PMID:
22275356

Ortiz-Meoz RF, Jiang J, Lazarus MB, Orman M, Janetzko J, Fan C, et al. A small molecule that inhibits
OGT activity in cells. ACS chemical biology. 2015; 10(6):1392—7. https://doi.org/10.1021/acschembio.
5b00004 PMID: 25751766

PLOS ONE | https://doi.org/10.1371/journal.pone.0312173  October 16, 2024 15/17


https://doi.org/10.3322/caac.21763
http://www.ncbi.nlm.nih.gov/pubmed/36633525
https://doi.org/10.1002/ijc.29210
http://www.ncbi.nlm.nih.gov/pubmed/25220842
https://doi.org/10.1038/nrdp.2015.65
http://www.ncbi.nlm.nih.gov/pubmed/27189416
https://doi.org/10.1016/S0140-6736(13)61649-9
http://www.ncbi.nlm.nih.gov/pubmed/24225001
https://doi.org/10.1158/0008-5472.CAN-14-2240
https://doi.org/10.1158/0008-5472.CAN-14-2240
http://www.ncbi.nlm.nih.gov/pubmed/25593032
https://doi.org/10.1016/S0140-6736(12)61900-X
https://doi.org/10.1016/S0140-6736(12)61900-X
http://www.ncbi.nlm.nih.gov/pubmed/23177514
https://doi.org/10.1517/14656566.2016.1118054
http://www.ncbi.nlm.nih.gov/pubmed/26559195
https://doi.org/10.1002/ijc.25864
https://doi.org/10.1002/ijc.25864
http://www.ncbi.nlm.nih.gov/pubmed/21170960
https://doi.org/10.1016/S0021-9258(17)43295-9
http://www.ncbi.nlm.nih.gov/pubmed/6421821
https://doi.org/10.1016/j.jmb.2016.05.028
http://www.ncbi.nlm.nih.gov/pubmed/27343361
https://doi.org/10.1038/onc.2010.41
http://www.ncbi.nlm.nih.gov/pubmed/20190804
https://doi.org/10.7150/thno.30834
https://doi.org/10.7150/thno.30834
http://www.ncbi.nlm.nih.gov/pubmed/31149037
https://doi.org/10.1158/0008-5472.CAN-09-1887
http://www.ncbi.nlm.nih.gov/pubmed/20610629
https://doi.org/10.1038/emboj.2010.254
http://www.ncbi.nlm.nih.gov/pubmed/20959806
https://doi.org/10.1074/jbc.M113.470047
http://www.ncbi.nlm.nih.gov/pubmed/23592772
https://doi.org/10.18632/oncotarget.3725
http://www.ncbi.nlm.nih.gov/pubmed/25915426
https://doi.org/10.1371/journal.pone.0046518
http://www.ncbi.nlm.nih.gov/pubmed/23029544
https://doi.org/10.1074/jbc.M111.302547
http://www.ncbi.nlm.nih.gov/pubmed/22275356
https://doi.org/10.1021/acschembio.5b00004
https://doi.org/10.1021/acschembio.5b00004
http://www.ncbi.nlm.nih.gov/pubmed/25751766
https://doi.org/10.1371/journal.pone.0312173

PLOS ONE

Sensitivity to O-GIcNAc Inhibitor correlates with cellular O-GlcNAcylation

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

LiuY,RenY, Cao Y, Huang H, Wu Q, Li W, et al. Discovery of a Low Toxicity O-GlcNAc Transferase
(OGT) Inhibitor by Structure-based Virtual Screening of Natural Products. Sci Rep. 2017; 7(1):12334-.
https://doi.org/10.1038/s41598-017-12522-0 PMID: 28951553

Moon S, Lee YK, Lee SW, Um SJ. Suppressive role of OGT-mediated O-GlcNAcylation of BAP1 in reti-
noic acid signaling. Biochemical and biophysical research communications. 2017; 492(1):89-95.
https://doi.org/10.1016/j.bbrc.2017.08.029 PMID: 28802580

Trapannone R, Rafie K, van Aalten DM. O-GIcNAc transferase inhibitors: current tools and future chal-
lenges. Biochemical Society transactions. 2016; 44(1):88-93. https://doi.org/10.1042/BST20150189
PMID: 26862193

Pengnam S, Jitkaroon W, Srisuphan R, Wongprayoon P, Rayanil KO, Charoensuksai P. Furanocou-
marin compounds isolated from Dorstenia foetida potentiate irinotecan anticancer activity against colo-
rectal cancer cells. Acta Pharm. 2024; 74(1):67-79. https://doi.org/10.2478/acph-2024-0004 PMID:
38554381

Charoensuksai P, Arunprasert K, Saenkham A, Opanasopit P, Suksamrarn S, Wongprayoon P.
Gamma-mangostin Protects S16Y Schwann Cells Against tert-Butyl Hydroperoxide-induced Apoptotic
Cell Death. Curr Pharm Des. 2023; 29(42):3400—7. https://doi.org/10.2174/
0113816128270941231124102032 PMID: 38053351

Reeves RA, Lee A, Henry R, Zachara NE. Characterization of the specificity of O-GIcNAc reactive anti-
bodies under conditions of starvation and stress. Anal Biochem. 2014; 457:8—18. https://doi.org/10.
1016/j.ab.2014.04.008 PMID: 24747005

Verathamjamras C, Sriwitool TE, Netsirisawan P, Chaiyawat P, Chokchaichamnankit D, Prasongsook
N, et al. Aberrant RL2 O-GIcNAc antibody reactivity against serum-IgA1 of patients with colorectal can-
cer. Glycocon;j J. 2021; 38(1):55-65. https://doi.org/10.1007/s10719-021-09978-8 PMID: 33608772

Bijnsdorp 1V, Giovannetti E, Peters GJ. Analysis of drug interactions. Methods in Molecular Biology.
2011; 731:421-34. https://doi.org/10.1007/978-1-61779-080-5_34 PMID: 21516426

Chou TC. Drug combination studies and their synergy quantification using the Chou-Talalay method. Can-
cer Research. 2010; 70(2):440-6. https://doi.org/10.1158/0008-5472.CAN-09-1947 PMID: 20068163

Wongprayoon P, Leelasart S, Jantham J, Pootaeng-On Y, Oekchuae S, Limpachayaporn P, et al. A tri-
terpenoid friedelan-3f3-ol isolated from Euphorbia lactea exhibited cytotoxic activity against HN22 cells
by inducing an S-phase cell cycle arrest. JAPS. 2022; 12(10):31-48. https://doi.org/10.7324/JAPS.
2022.121004

Jarantow SW, Pisors ED, Chiu ML. Introduction to the Use of Linear and Nonlinear Regression Analysis
in Quantitative Biological Assays. Current Protocols. 2023; 3(6):e801. https://doi.org/10.1002/cpz1.801
PMID: 37358238

Berg KCG, Eide PW, Eilertsen IA, Johannessen B, Bruun J, Danielsen SA, et al. Multi-omics of 34 colo-
rectal cancer cell lines - a resource for biomedical studies. Molecular Cancer. 2017; 16(1):116. https:/
doi.org/10.1186/s12943-017-0691-y PMID: 28683746

Weiss M, Anderluh M, Gobec M. Inhibition of O-GIcNAc Transferase Alters the Differentiation and Matu-
ration Process of Human Monocyte Derived Dendritic Cells. Cells. 2021; 10(12). https://doi.org/10.
3390/cells10123312 PMID: 34943826

Barkovskaya A, Seip K, Prasmickaite L, Mills IG, Moestue SA, Itkonen HM. Inhibition of O-GIcNAc
transferase activates tumor-suppressor gene expression in tamoxifen-resistant breast cancer cells. Sci
Rep. 2020; 10(1):16992. https://doi.org/10.1038/s41598-020-74083-z PMID: 33046784

Lee SJ, Lee DE, Choi SY, Kwon OS. OSMI-1 Enhances TRAIL-Induced Apoptosis through ER Stress
and NF-kB Signaling in Colon Cancer Cells. Int J Mol Sci. 2021; 22(20). https://doi.org/10.3390/
ijms222011073 PMID: 34681736

Jaskiewicz NM, Townson DH. Hyper-O-GlcNAcylation promotes epithelial-mesenchymal transition in
endometrial cancer cells. Oncotarget. 2019; 10(30):2899-910. https://doi.org/10.18632/oncotarget.
26884 PMID: 31080560

Barkovskaya A, Seip K, Hilmarsdottir B, Maelandsmo GM, Moestue SA, ltkonen HM. O-GlcNAc Trans-
ferase Inhibition Differentially Affects Breast Cancer Subtypes. 2019; 9(1):5670. https://doi.org/10.
1038/s41598-019-42153-6 PMID: 30952976

Itkonen HM, Gorad SS, Duveau DY, Martin SES, Barkovskaya A, Bathen TF, et al. Inhibition of O-

GlcNAc transferase activity reprograms prostate cancer cell metabolism. Oncotarget. 2016; 7
(11):12464-76. https://doi.org/10.18632/oncotarget. 7039 PMID: 26824323

Sharma NS, Gupta VK, Dauer P, Kesh K, Hadad R, Giri B, et al. O-GlcNAc modification of Sox2 regu-
lates self-renewal in pancreatic cancer by promoting its stability. Theranostics. 2019; 9(12):3410-24.
https://doi.org/10.7150/thno.32615 PMID: 31281487

PLOS ONE | https://doi.org/10.1371/journal.pone.0312173  October 16, 2024 16/17


https://doi.org/10.1038/s41598-017-12522-0
http://www.ncbi.nlm.nih.gov/pubmed/28951553
https://doi.org/10.1016/j.bbrc.2017.08.029
http://www.ncbi.nlm.nih.gov/pubmed/28802580
https://doi.org/10.1042/BST20150189
http://www.ncbi.nlm.nih.gov/pubmed/26862193
https://doi.org/10.2478/acph-2024-0004
http://www.ncbi.nlm.nih.gov/pubmed/38554381
https://doi.org/10.2174/0113816128270941231124102032
https://doi.org/10.2174/0113816128270941231124102032
http://www.ncbi.nlm.nih.gov/pubmed/38053351
https://doi.org/10.1016/j.ab.2014.04.008
https://doi.org/10.1016/j.ab.2014.04.008
http://www.ncbi.nlm.nih.gov/pubmed/24747005
https://doi.org/10.1007/s10719-021-09978-8
http://www.ncbi.nlm.nih.gov/pubmed/33608772
https://doi.org/10.1007/978-1-61779-080-5_34
http://www.ncbi.nlm.nih.gov/pubmed/21516426
https://doi.org/10.1158/0008-5472.CAN-09-1947
http://www.ncbi.nlm.nih.gov/pubmed/20068163
https://doi.org/10.7324/JAPS.2022.121004
https://doi.org/10.7324/JAPS.2022.121004
https://doi.org/10.1002/cpz1.801
http://www.ncbi.nlm.nih.gov/pubmed/37358238
https://doi.org/10.1186/s12943-017-0691-y
https://doi.org/10.1186/s12943-017-0691-y
http://www.ncbi.nlm.nih.gov/pubmed/28683746
https://doi.org/10.3390/cells10123312
https://doi.org/10.3390/cells10123312
http://www.ncbi.nlm.nih.gov/pubmed/34943826
https://doi.org/10.1038/s41598-020-74083-z
http://www.ncbi.nlm.nih.gov/pubmed/33046784
https://doi.org/10.3390/ijms222011073
https://doi.org/10.3390/ijms222011073
http://www.ncbi.nlm.nih.gov/pubmed/34681736
https://doi.org/10.18632/oncotarget.26884
https://doi.org/10.18632/oncotarget.26884
http://www.ncbi.nlm.nih.gov/pubmed/31080560
https://doi.org/10.1038/s41598-019-42153-6
https://doi.org/10.1038/s41598-019-42153-6
http://www.ncbi.nlm.nih.gov/pubmed/30952976
https://doi.org/10.18632/oncotarget.7039
http://www.ncbi.nlm.nih.gov/pubmed/26824323
https://doi.org/10.7150/thno.32615
http://www.ncbi.nlm.nih.gov/pubmed/31281487
https://doi.org/10.1371/journal.pone.0312173

PLOS ONE

Sensitivity to O-GIcNAc Inhibitor correlates with cellular O-GlcNAcylation

39.

40.

41.

42,

43.

44,

Wu J, Tan Z, LiH, Lin M, Jiang Y, Liang L, et al. Melatonin reduces proliferation and promotes apoptosis
of bladder cancer cells by suppressing O-GlcNAcylation of cyclin-dependent-like kinase 5. J Pineal
Res. 2021; 71(3):e12765. https://doi.org/10.1111/jpi. 12765 PMID: 34487576

Lin B, Chai S, Zhang Q, Lu'Y, Hu J, Zhang J, et al. Sialic Acid-Modified O-GIcNAc Transferase Inhibitor
Liposome Presents Antitumor Effect in Hepatocellular Carcinoma. Mol Pharm. 2024; 21(1):102—-12.
https://doi.org/10.1021/acs.molpharmaceut.3c00451 PMID: 37994899

Ferrer CM, Lynch TP, Sodi VL, Falcone JN, Schwab LP, Peacock DL, et al. O-GlcNAcylation regulates
cancer metabolism and survival stress signaling via regulation of the HIF-1 pathway. Mol Cell. 2014; 54
(5):820-31. https://doi.org/10.1016/j.molcel.2014.04.026 PMID: 24857547

Steenackers A, Olivier-Van Stichelen S, Baldini SF, Dehennaut V, Toillon RA, Le Bourhis X, et al.
Silencing the Nucleocytoplasmic O-GlcNAc Transferase Reduces Proliferation, Adhesion, and Migra-
tion of Cancer and Fetal Human Colon Cell Lines. Frontiers in endocrinology. 2016; 7:46. https://doi.
org/10.3389/fendo.2016.00046 PMID: 27252680

Mi W, Gu Y, Han C, Liu H, Fan Q, Zhang X, et al. O-GlcNAcylation is a novel regulator of lung and colon
cancer malignancy. Biochimica et biophysica acta. 2011; 1812(4):514-9. https://doi.org/10.1016/j.
bbadis.2011.01.009 PMID: 21255644

Lee SJ, Kwon OS. O-GIcNAc Transferase Inhibitor Synergistically Enhances Doxorubicin-Induced Apo-
ptosis in HepG2 Cells. Cancers (Basel). 2020; 12(11). https://doi.org/10.3390/cancers12113154 PMID:
33121131

PLOS ONE | https://doi.org/10.1371/journal.pone.0312173  October 16, 2024 17/17


https://doi.org/10.1111/jpi.12765
http://www.ncbi.nlm.nih.gov/pubmed/34487576
https://doi.org/10.1021/acs.molpharmaceut.3c00451
http://www.ncbi.nlm.nih.gov/pubmed/37994899
https://doi.org/10.1016/j.molcel.2014.04.026
http://www.ncbi.nlm.nih.gov/pubmed/24857547
https://doi.org/10.3389/fendo.2016.00046
https://doi.org/10.3389/fendo.2016.00046
http://www.ncbi.nlm.nih.gov/pubmed/27252680
https://doi.org/10.1016/j.bbadis.2011.01.009
https://doi.org/10.1016/j.bbadis.2011.01.009
http://www.ncbi.nlm.nih.gov/pubmed/21255644
https://doi.org/10.3390/cancers12113154
http://www.ncbi.nlm.nih.gov/pubmed/33121131
https://doi.org/10.1371/journal.pone.0312173

