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Loss of intestinal core 1-derived O-glycans causes spontaneous colitis in mice
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Methods

Carbohydrate stains and O-glycan structural analysis. Deparaffinized sections (5 um thick) were
stained with Alcian blue (pH 2.5; Newcomer Supply) to reveal the general carbohydrate moieties.
Mucus scraped from the mouse intestine was extracted in 6 M guanidinium chloride supplemented
with protease inhibitors (2x Complete protease inhibitor mix; Roche) (1, 2), stirred overnight at 4°C
and centrifuged for 20 min at 16,000 xg. Extractions were repeated three times. The samples were
reduced in guanidine hydrochloride with DTT (100 mM) at 37°C for 3 h and alkylated with
iodoacetamide (250 mM) overnight. The samples were dialyzed against water and solubilized in
sample buffer.

Glycan analysis was done according to published methods (2). Briefly, mucins were analyzed with
agarose—polyacrylamide gel electrophoresis (AgPAGE), containing agarose (0.5-1% gradient),
acrylamide (0-6%), and glycerol (0-10%) on ice at 4°C with 30 mA/gel for 3 h. Separated mucins
were then wet-blotted to PVDF membranes. The mucin bands were visualized with Alcian blue, and
oligosaccharides were released from the blot as alditols with reductive beta elimination (0.5 M NaBHy4
in 50 mM KOH) at 50°C overnight. The samples were neutralized and desalted, followed by repeated
evaporation of borate. The oligosaccharides were analyzed with reversed-phase liquid
chromatography/mass spectrometry using a gradient with 8 mM NH4HCO3 and acetonitrile. The
HPLC columns (10 cm x 250 um, i.d.) were graphitized carbon (Hypercarb) and were packed in-
house. The mass spectrometer was an LTQ linear quadrupole ion trap mass spectrometer (Thermo
Electron) operating in negative mode. MS/MS experiments were performed on the three most abundant
ions in each full scan. The spectra were evaluated manually.

Mucin gene expression. Total RNA was prepared from colons with TRIzol reagent (Invitrogen) and
treated with DNase I (Ambion). cDNA was synthesized from 2 pg total RNA using M-MLYV reverse

transcriptase (Invitrogen) and oligo(dT) primers. Real-time PCR was performed on an ABI Prism 7000
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spectrofluorometric thermal cycler (Applied Biosystems) using SYBR-green as a double-stranded
DNA-specific binding dye. 18s rRNA was used to normalize the amount and quality of the RNA. The
primers used are Mucl: 5’-CCAGACCCCTGCACTCTGAT-3’ and 5°-
CGCTTGACAAAGGGCATGA-3’; Muc2: 5’-TGCCCACCTCCTCAAAGAC-3’ and 5°-
TAGTTTCCGTTGGAACAGTGAA-3’; Muc3: 5’-GTGGGACGGGCTCAAATG-3’ and 5°-
CTGTGTGTTGGCAATTTCTG-3’; Muc4: 5’-CAATGCCCTCCACAAAAAGT-3’ and 5’-
CTGTGTGTTGGCAATTTCTG-3’ and Muc5ac: 5’-TGGTTTGACACTGACTTCCC-3’ and 5°-
TCCTCTCGGTGACAGAGTCT-3".

Flow cytometry. Single-cell suspensions were obtained by passing the spleen or mesenteric lymph
node through a 100-pum cell strainer. Red blood cells were lysed by a 15-min incubation in ammonium
chloride lysing reagent (BD Biosciences). Intestinal intraepithelial lymphocytes from colons were
isolated as described(3). All antibodies were obtained from BD Biosciences unless specified otherwise.
For myeloid cell analysis, peripheral blood leukocytes that were positive for myeloid marker CD11b
but negative for the rest of the lineage markers were defined as monocytes (4). mAb against Ly-6C
(AL-21) was used to classify monocytes into subsets with either high expression of Ly-6C (Ly-6C™) or
low expression of Ly-6C (Ly-6C'"). Cells from indicated compartments were incubated with
antibodies. Two-color analyses were performed using the FACSCalibur system (BD Biosciences).

Detection of non-O-glycosylated Muc?2 precursor in the ER. All mucin-type O-glycosylation steps
occur in the Golgi (5). Therefore, the non-O-glycosylated precursor form of O-glycoproteins such as
mucins can only be detected in the ER. To determine whether lack of core 1-derived O-glycans causes
abnormal accumulation of Muc?2 in the ER, cryosections of WT or IEC ClgaltI”" colon tissues (12
weeks old) were stained with FITC-labeled anti-Muc2 Gpda antiserum (PH497) that specifically
recognizes non-O-glycosylated Muc2 precursor in the ER (6). Sections were mounted in ProLong Gold
antifade (Invitrogen). Pictures were obtained with a Radiance 2000 (Bio-Rad) confocal microscope.

Detection of XBP1 transcripts by RT-PCR. Total RNA was isolated from distal colons of WT and
3
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TM-IEC Clgaltl “ mice 15 days after TM injection. Reverse transcripition (RT) was carried out with 2
ug RNA using oligo(dT) primers. PCR using forward primer: 5'-GAA CCA GGA GTT AAG AAC
ACG-3'" and reverse primer: 5'-AGG CAA CAGTGT CAG AGT CC-3' was performed to detect the
unspliced and spliced isoforms of XBP1 (7). RNA from mouse type 1 astrocytes treated with or
without tunicamycin (10 ug/ml for 14 h; Sigma), which inhibits N-linked glycosylation and
subsequently induces UPR (7), was used as positive or negative control, respectively.

Anti-C3GnT staining. For the experiment, deparaffinized sections were firstly treated for 15 min
with 20 ug/ml proteinase K (Roche) for antigen retrieval, and then incubated with a strepavidin/biotin
blocking kit (Dako) as well as 3% H,O, for blocking endogenous peroxidase activity. Sections were
subsequently blocked for nonspecific antibody binding using a protein blocking kit (Dako). Sections
were incubated overnight at 4°C with rabbit anti-C3GnT antibody (1:100; Sigma-Aldrich), or with an
isotype-matched control rabbit IgG. The sections were finally incubated with biotinylated goat anti-
rabbit secondary antibody (Vector Laboratories) and followed by an incubation of HRP-streptavidin
(Vector Laboratories), and then developed with a diaminobenzidine substrate and counterstained with
hemotoxylin.

CIGALTICI mutation analysis. To identify whether mutations in C/GALT1C1 cause the Tn
expression we observed in patient samples, we collected the Tn-positive epithelial cells from paraffin
biopsy sections after Tn staining using the Arcturus PixCell Laser Capture Microdissection instrument
(Molecular Devices). Tn-negative cells from the same sample were collected as controls. Genomic
DNA was extracted from these samples using a micro-DNA isolation kit (Qiagen), and PCR was
performed using the Phusion High-Fidelity PCR kit (New England Biolabs) with primers as indicated
(Supplemental Figure 10A). CIGALTICI has a single coding exon; therefore, we were able to design
PCR primers that amplified the entire C/GALTICI coding region (8). The open reading frame of

CIGALTICI was amplified with high-fidelity PCR (Agilent) using human C/GALT1CI—-specific
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primers (forward, 5’-CTCCATAGAGGAGTTGTTGC-3’; reverse, 5°-

TCACGCTTTTCTACCACTTC-3’) and directly sequenced.

Results and discussion

The expression of core 3 B1,3-N-acetylglucosaminyltransferase (C3GnT) is not altered in UC colon
samples. O-glycans are synthesized post-translationally in the Golgi apparatus through a series of
sequential reactions catalyzed by specific glycosyltransferases (9-12). The primary structure of O-
glycans is referred to as Tn antigen (GalNAca-O-Ser/Thr), and Tn antigen is the only structure
common to all O-glycans (Figure 1A). Tn antigen is normally modified by additional glycosylation to
form two subtypes classified as core 1- and core 3-derived structures (Figure 1A) (3, 11). Core 1 O-
glycans are the predominant form of O-glycans that are present in most tissues and are especially
plentiful in endothelial cells, epithelial cells, and hematopoietic cells (11). Core 1 is formed through
the addition of galactose (Gal) to the N-acetylgalactosamine (GalNAc) by the enzyme core 1 $1,3-
galactosyltransferase (Clgaltl, T-synthase) (11, 13). The production of the core 3 O-glycans is
controlled by core 3 $1,3-N-acetylglucosaminyltransferase (C3GnT), which uses the same GalNAca-
Ser/Thr substrate as T-synthase (3, 14). The expression of core 3 O-glycans is restricted to the colon
and salivary glands (3).

By staining archived colon biopsy samples from ulcerative colitis (UC) patients and from normal
controls (biopsy was performed for medical reasons other than IBD) with anti-Tn, we found nearly
17% (8 out of 46) UC samples were Tn-positive (Figure 6), whereas all control samples were negative.
Tn antigen is a biosynthetic intermediate in the formation of normal mucin-type O-glycans and is
typically extended by the actions of C3GnT or Clgaltl (Figure 1A). Therefore, the exposure of the Tn
antigen could be resulted from defective biosynthesis of either core 1 or core 3 O-glycans. To test

whether the biosynthesis of core 3 is abnormal, we examined the expression of C3GnT in colon biopsy
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samples from UC and normal controls by immunohistochemical staining. The anti-C3GnT staining
detected no significant changes in C3GnT expression in 46 UC samples compared to that in 11 normal
control samples (Supplemental Figure 10). These results indicate that the expression of Tn in some
UC samples is not caused by impaired biosyntheis of core 3 O-glycans.

Tn-antigen positive colon epithelial cells from patients with UC contain mutated CIGALTICI. So
far, no mutation of human C/galt] has been found. Somatic mutations in C/GALTIC1, the molecular
chaperone specific for C/galtl have, however, been reported (15). CIGALTICI is located on the X
chromosome. This increases the likelihood that a somatic mutation in this gene will lead to a
phenotypic alteration. We used genomic DNA isolated from epithelial cells of paraffin biopsy sections
of UC patients after Tn staining to detect whether C/GALT1C1 mutations occur in the Tn-positive
cells. Because of limited epithelial cells from each biopsy sample and the way the samples were
preserved (formalin fixed and paraffin embedded), C/GALTICI products were amplified by PCR from
only three of the eight Tn-positive UC samples (Supplemental Figure 11A). PCR products were
sequenced directly with two sets of forward and reverse primers and also cloned into the TOPO blunt-
end cloning vector (Invitrogen) for additional confirmation sequencing. Sequences verified by both
forward and reverse sets of primers were used for analysis. The direct PCR products contained
CIGALTICI from Tn-positive and contaminating Tn-negative cells. Therefore, direct sequencing of
PCR products from samples with C/GALT1C1 mutations showed both normal and mutated nucleotides
of CIGALTICI. Out of the three Tn-positive UC samples, we identified four mutations. The
sequencing results were confirmed with independent PCR products and verified after cloning the PCR
products into the pCR4 vector. Interestingly, C/IGALTICI from one patient (case #21) contained three
mutations, all of which altered amino acid coding (Supplemental Figure 11B and C, and data not
shown). Sequencing of PCR products amplified from independently collected Tn-positive crypt
samples from the same patient reproduced the same result, indicating that the mutations were not

artifacts.
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To determine whether these mutations result in loss-of-function of C/GALTIC1 as a molecular
chaperone for Clgaltl, we made two mutant constructs (Mut I, C-to-F mutation at 677; Mut III, G-to-T
at 557, G-to-T at 677, and G-to-T at 718) based on mutations detected in UC patient #21
(Supplemental Figure 11D). Mut I was constructed using the QuikChange II site-directed mutagenesis
kit (Stratagene). Mut I1I was generated with the C/GALTIC1-coding DNA sequence amplified from
the Tn-positive colon epithelium of the UC patient #21 that contained three mutations. The constructs
with mutant C/GALTICI and with WT CIGALTI1C1 were transfected into Jurkat cells, which lacking
Clgaltl activity because of loss-of-function mutations in C/GALTICI1(8). After G418 selection,
transfected Jurkat cells were stained with anti—Tn antigen (5 ug/ml) and analyzed by flow cytometry.
Cells transfected with empty pcDNA 3.1 (+) vector were used as controls. The expression of mRNA of
the WT or mutant C/GALTIC1 constructs in transfected Jurkat cells was confirmed by RT-PCR and
by direct sequencing (Supplemental Figure 11A, E and data not shown). Jurkat cells transfected with
empty vector (pcDNA3.1) had strong expression of Tn antigen (Supplemental Figure 11F). Expression
of WT CIGALTICI in Jurkat cells caused a substantial decrease in Tn antigen expression,
demonstrating restored activity of Clgaltl. In contrast, Tn expression in cells transfected with either
Mut I or Mut III remained unchanged. This indicates that mutations identified in UC patient #21
resulted in impaired function in C/GALTICI. Although the sample size in this pilot study was small,
the promising results support our hypothesis that, at least in a subset of UC patients, somatic mutations
of Cosmc can cause abnormal O-glycosylation such as expression of Tn antigen. It is necessary to
continue this investigation, adding additional patient samples, especially frozen samples, to validate

and improve the statistical power of this observation.
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Supplemental Figure 1. Deletion of C/galt] abolishes the expression of core 1-derived O-glycans.

Reversed-phase HPLC/mass spectrometry (LC-MS) profiling of Muc2 O-glycans purified from WT
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and IEC Clgaltl 7~ colon mucus. Red boxes indicate core 1—derived O-glycans, which were
undetectable in the IEC Clgalt] 7~ colon sample. Blue lines mark core 3-derived O-glycans that were
seen in both WT and IEC Clgaltl “~colon samples. Numbers represent calculated mass (m/z).
Supplemental Figure 2. IEC Clgalt] 7~ small intestine does not have significant inflammation. (A)
Immunohistochemical staining of intestinal tissue sections of WT and IEC C/ galt]*/ ~ mice with anti—
Tn antigen. Brown color indicates antibody binding. Scale bars, 100 um. (B) H&E-stained WT and
IEC CI galt]*/’ ileums at different ages. Scale bars, 100 um.

Supplemental Figure 3. Immune profiles of IEC CIgalt]”" mice. (A) Peripheral blood cell profiles of
4-week-old IEC CIgalt]” mice. (B) Representative flow cytometry results of immune cells from
different immune compartments of WT and IEC Clgalt] " mice at 2.5 weeks old. IEL, intra-epithelial
lymphocytes. CD4 and CD8, mAbs specific for these lymphocyte markers. DX-5, mAb specific for
natural killer cells. F4/80, mAb specific for macrophages. (C) Serum cytokines of 2.5-week-old mice.
Supplemental Figure 4. Myeloid cells increase in the peripheral blood of IEC Clgalt]” mice. (A)
Peripheral leukocytes were stained with phycoerythrin-labeled mAbs to T cells (D90.2), B cells
(B220), natural killer cells (NK1.1) and granulocytes (Ly-6G), as well as PerCP Cy5.5-anti-CD11b for
myeloid cells). Neutrophils are Ly-6G" CD11b" (R3). Monocytes are Ly-6G CD11b" (R2). (B)
Monocytes (R2) were then identified as Ly-6C™ or Ly-6C" subsets.

Supplemental Figure 5. Myd88 and TLR4 are dispensable in the pathogenesis of colitis in O-glycan—
deficient mice. We bred IEC Clgalt]”~ with mice lacking Myd88, an universal adaptor protein used by
most TLRs, or TLR4, which recognizes bacterial antigens, and found that neither Myd88 nor TLR4
deficiency protected IEC Clgalt!” mice from developing colitis. H& E-stained representative colonic
sections indicate similar colonic inflammation in 20-week-old IEC Clgalt]” mice with or without

Myd88 or TLR4 deficiencies. Scale bar, 100 pm.
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Supplemental Figure 6. Efficiency assessment of the depletion of gut microflora after NMVA
treatment. (A) Aerobic and anaerobic bacterial colonies formed on sheep blood agar plates after
inoculation of serially diluted stool from 12-week-old IEC C/ galt]f/ ~ mice with or without antibiotic
treatment. The number at the center of each plate represents bacterial colonies. (B) Gram staining of
stool samples from 12-week-old IEC CI galt]f/ ~ mice with or without antibiotic treatment. Dark purple
spots represent positive bacterial staining.

Supplemental Figure 7. Analysis of mRNA transcripts by real-time RT-PCR of different colonic
mucins from WT colons and from TM-IEC Clgalti 7~ colons before (0 d) and5 and 10 d after TM
induction. Total RNA was extracted from colonic tissues and reverse transcribed into cDNA. B-actin
and/or 18S RNAs were used as an internal control. Data are expressed as the fold difference between
WT and TM-IEC Clgalt]”™ mice (mean + s.d., n = 4). The average mRNA levels in the colons of WT
mice were expressed as 1.

Supplemental Figure 8. (A) Increased endocytosis of tight-junction protein, occludin, in the TM-IEC
Clgalt] o colonocytes compared to that of WT. Images of colon sections of 7-week-old WT and TM-
IEC Clgaltl 7~ mice 5 d after TM induction stained with antibodies to occludin and F-actin. Arrows
indicate internalized occludin. (B) The expression of ZO-1, another tight-junction protein, was
unaltered in the TM-IEC Clgaltl o colonocytes. Scale bar, 5 um. Data are representative of two
experiments.

Supplemental Figure 9. Loss of core 1 O-glycosylation does not causes unfolded protein and ER
stress response (UPR). (A) Colon tissue cryosections of 12-wk-old WT and IEC Clgalt] " mice
stained with anti-Muc2 Gpda antiserum (PH497) that specifically recognizes non-O-glycosylated Muc
2 in the ER. Green color indicates positive staining of the Muc2 precursor. There was no significant
accumulation of the Muc?2 precursor in the IEC Clgalt] 7 ER compared with the WT. Bars, 100 mm.

(B) RT-PCR analysis of spliced and unspliced forms of XBP1 of total RNA isolated from WT (lanes 1

10
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and 2) and TM-IEC Clgaltl o (lanes 3 and 4) colons. Primers were designed to detect both unspliced

(XBP1) and spliced XBP1. Spliced XBP1 indicates UPR. Mouse astrocytes treated with tunicamycin
for 14 h, which inhibits N-linked glycosylation and causes UPR, were used as positive control (Lane
5). Untreated mouse astrocytes were used as negative control (lane 6).

Supplemental Figure 10. The expression of C3GnT is not altered in UC patient samples.
Representative images showing that colon epithelial cells of patients with UC express a similar level of
C3GnT (brown color) with that in the colon epithelia of normal controls. Scale bars, 50 um.
Supplemental Figure 11. Tn-positive UC patient colon epithelium contains loss-of-function
CIGALTICI mutations. (A) CIGALTICI exon 3 structure, which contains the entire open reading
frame, locations of primers for mutation screening and C/GALTIC1 PCR products of the Tn-positive
and -negative epithelial cells of UC patients. (B) Direct sequencing results of PCR products from
genomic DNA isolated from Tn-positive cells of an UC case showed both normal and mutated
nucleotides of C/GALTIC1 sequence at one location. (C) Sequence of the cloned PCR product from
the same sample only has mutated nucleotide at position 677, confirming the mutation. (D) Schematic
diagram of C/IGALTICI constructs. (e) RT-PCR showing that Jurkat cells stably expressed WT or
mutant constructs, respectively. Lanes 1-5 represent Jurkat cells transfected with different
CIGALTICI constructs: 1, pcDNA3.1(vector only); 2, CIGALTICI WT; 3, CIGALTICI Mut I, 4,
CIGALTICI Mut III; 5, RNA without RT as a negative PCR control. (f) Flow cytometry analysis of
Tn expression in Jurkat cells transfected with different C/GALTIC1 constructs. For Tn staining,
biotin-labeled mouse anti-Tn was used. Mouse IgM isotype was used as control. Bound anti-Tn was
detected by FITC-streptavidin. Green line, Jurkat cells transfected with empty vector (pcDNA3.1) as

control; filled line, CIGALTICI WT; black line, CIGALTICI Mut I; red line, CIGALTIC1 Mut III.

11



Accepted, J Clin Invest, Jan 10, 2010

HexNAc

[ PR
3(-J|.\;\€0|

WT Fuc— Gal - 3GalNAcol Fuc — Gal
- SO, GleNAc
+2 NeuAdc 5303 3(::|l.\'.-\c0|
100 HexNAc— Gal— GleNAe U / Fuc—Gal
GalNAcol
Gal s
813.3 + 2 NeuAc
HexNA > 839.8° HexNAc— Gal—GleNAc
- 'GalNAcol 100 7333 %GalNAcol
= Ga”3 Fuc-Gal 3
>
5 587 ) )
1 Fuc— Gal— GleNAc¢ - 3GalNAcol
= 733.3
0 ; v "
20 Time (min) 40
ofe 941.5% +2 Neude, Fuc
100 IEC C1galt1 /- 941.5 eude, Fuc
Gal — GleNAc¢
+2 Neudc _ ) 3GalNAcol
HexNAc - Gal— GleNAc— 3GalNAcol / DAIAL-CN - OlctA
685.9”
= +3 Neudc
> \ 11155 HexNAc— Gal— GleNAc
E «— g(;:llx‘\col
.‘_.: HexNAc— Gal— GleNAc
Fuc— Gal— GleNAc—3GalNAcol 9 5
: 1081.3 10132 912.57
33 gyen f}\d\
o WM_L g
2 y
20 Time (min) 40

Supplemental Figure 1

Deletion of Clgaltl abolishes the expression of core 1-derived O-glycans. Reversed-phase

HPLC/mass spectrometry (LC-MS) profiling of Muc2 O-glycans purified from WT and IEC

ClgaltI”" colon mucus. Red boxes indicate core 1-derived O-glycans, which were undetectable in

the IEC Clgalt]™ colon sample. Blue lines mark core 3-derived O-glycans that were seen in both

WT and IEC Clgalt]” colon samples. Numbers represent calculated mass (m/z).
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Supplemental Figure 2

IEC Clgalt]™" small intestine does not have significant inflammation. (A) Immunohistochemical
staining of intestinal tissue sections of WT and IEC ClgaltI”™ mice with anti—Tn antigen. Brown

color indicates antibody binding. Scale bars, 100 um. (B) H&E-stained WT and IEC Clgalt]™~

ileums at different ages. Scale bars, 100 um.



Peripheral blood Thymocytes

Peripheral blood Thymocytes

Peripheral blood

Accept: mnvest, Jgn 10,2030 seos2 197
E 10 D> = e( a”' c?ntrol iontrol control  51%49
o 1 | BTN sroes [ 74%s
- 3 404/ | 2 ™
3 T,
o
Q@ @0 57%%2
-2 60 4 0,
©.. 37%37 fase
[T} 19%%3
mzo-}ff'/\ // ™
alo 100 10° 10" 10 10" 10" 10" 10’ 10t 10" 10" 107 10" 10
CD3 CD19
- kg B = T N =
! &l = 26.3
* ' . Pl 3 = 4 i
PR . e O n W W w W
: ; S
2 i 17 T E -|IEC C1galt1”
= | FHecsw b s c
P I o o° 55
S 'tz — g 3
3 [ b =
CD4 DX-5 F4/80
C Owr eIEC Cigaltt’/Rag”-
5 - IL-12p70 40+ TNF 75 4 IFN=y
P=0.08 . P=0.007 5. P=0.1
30 1 b LY
- _ —.—_ _ 50
£ E - o” 0,0° £ o
2y ° B oboo™ L ® = L
— 25 —O0—— 8%,
10 DDDDB cogme 0 o Ogo® ¢
0 g 0 00
0 1 MCP-1 a0 4 IL-6 100 1 IL-10
= ° =
P=0.02 . P=0.02 g e
500 200 1 ®
E E E os0
k4 o B * B
20 1 100 °
oo :. 025 1
Ol .
5 9 0 oo [ TPy ) a0 fimimimins} ovoeo

Supplemental Figure 3

Immune profiles of IEC Clgalt]”" mice. (A) Peripheral blood cell profiles of 4-week-old IEC Clgalt]™"
mice. (B) Representative flow cytometry results of immune cells from different immune compartments
of WT and IEC Clgaltl " mice at 2.5 weeks old. IEL, intra-epithelial lymphocytes. CD4 and CDS,
mAbs specific for these lymphocyte markers. DX-5, mAb specific for natural killer cells. F4/80, mAb
specific for macrophages. (C) Serum cytokines of 2.5-week-old mice.
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Supplemental Figure 4
—/—

Myeloid cells increase in the peripheral blood of IEC Clgalt]” mice. (A) Peripheral leukocytes were
stained with phycoerythrin-labeled mAbs to T cells (D90.2), B cells (B220), natural killer cells (NK1.1)
and granulocytes (Ly-6G), as well as PerCP Cy5.5-anti-CD11b for myeloid cells). Neutrophils are Ly-
6G" CDI11b" (R3). Monocytes are Ly-6G"CD11b" (R2). (B) Monocytes (R2) were then identified as Ly-

6C™ or Ly-6C" subsets.
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Supplemental Figure 5
Myd88 and TLR4 are dispensable in the pathogenesis of colitis in O-glycan—deficient mice. We bred IEC

Clgalt]”~ with mice lacking Myd88, an universal adaptor protein used by most TLRs, or TLR4, which
recognizes bacterial antigens, and found that neither Myd88 nor TLR4 deficiency protected IEC Clgaltl™
" mice from developing colitis. H& E-stained representative colonic sections indicate similar colonic

inflammation in 20-week-old IEC Clgaltl”™ mice with or without Myd88 or TLR4 deficiencies. Scale

bar, 100 um.
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Supplemental Figure 6
Efficiency assessment of the depletion of gut microflora after NMVA treatment. (A) Aerobic and
anaerobic bacterial colonies formed on sheep blood agar plates after inoculation of serially diluted
stool from 12-week-old IEC Clgalt]”~ mice with or without antibiotic treatment. The number at the
center of each plate represents bacterial colonies. (B) Gram staining of stool samples from 12-week-
old IEC Clgaltl”™ mice with or without antibiotic treatment. Dark purple spots represent positive
bacterial staining.
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Supplemental Figure 7
Analysis of mRNA transcripts by real-time RT-PCR of different colonic mucins from WT colons and

from TM-IEC Clgaltl”" colons before (0 d) and5 and 10 d after TM induction. Total RNA was extracted
from colonic tissues and reverse transcribed into cDNA. B-actin and/or 18S RNAs were used as an
internal control. Data are expressed as the fold difference between WT and TM-IEC Clgalt]™ mice

(mean + s.d., n = 4). The average mRNA levels in the colons of WT mice were expressed as 1.
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Supplemental Figure 8

(A) Increased endocytosis of tight-junction protein, occludin, in the TM-IEC ClgaltI™ colonocytes
compared to that of WT. Images of colon sections of 7-week-old WT and TM-IEC Clgalt]” mice 5
d after TM induction stained with antibodies to occludin and F-actin. Arrows indicate internalized
occludin. (B) The expression of ZO-1, another tight-junction protein, was unaltered in the TM-IEC

Clgalt]”" colonocytes. Scale bar, 5 m. Data are representative of two experiments.
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Supplemental Figure 9

Loss of core 1 O-glycosylation does not causes unfolded protein and ER stress response
(UPR). (A) Colon tissue cryosections of 12-wk-old WT and IEC Clgalti " mice stained with
anti-Muc2 Gpda antiserum (PH497) that specifically recognizes non-O-glycosylated Muc 2 in
the ER. Green color indicates positive staining of the Muc 2 precursor. There was no
significant accumulation of the Muc2 precursor in the IEC Clgalt]”~ ER compared with the
WT. Bars, 100 um. (B) RT-PCR analysis of spliced and unspliced forms of XBP1 of total
RNA isolated from WT (lanes 1 and 2) and TM-IEC Clgalt/” (lanes 3 and 4) colons.
Primers were designed to detect both unspliced (XBP1) and spliced XBP1. Spliced XBP1
indicates UPR. Mouse astrocytes treated with tunicamycin for 14 h, which inhibits N-linked
glycosylation and causes UPR, were used as positive control (Lane 5). Untreated mouse

astrocytes were used as negative control (lane 6).
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Supplemental Figure 10

The expression of C3GnT is not altered in UC patient samples. Representative
images showing that colon epithelial cells of patients with UC express a similar
level of C3GnT (brown color) with that in the colon epithelia of normal controls.

Scale bars, 50 wm.
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Supplemental Figure 11

Tn-positive UC patient colon epithelium contains loss-of-function Cosmc mutations. (A) Cosmc exon 3
structure, which contains the entire open reading frame, locations of primers for mutation screening and
Cosmc PCR products of the Tn-positive and -negative epithelial cells of UC patients. (B) Direct
sequencing results of PCR products from genomic DNA isolated from Tn-positive cells of an UC case
showed both normal and mutated nucleotides of Cosmc sequence at one location. (C) Sequence of the
cloned PCR product from the same sample only has mutated nucleotide at position 1205, confirming the
mutation. (D) Schematic diagram of Cosmc constructs. (e) RT-PCR showing that Jurkat cells stably
expressed WT or mutant constructs, respectively. Lanes 1-5 represent Jurkat cells transfected with
different Cosmc constructs: 1, pcDNA3.1(vector only); 2, Cosmc WT; 3, Cosmc Mut I; 4, Cosmc Mut
III; 5, RNA without RT as a negative PCR control. (f) Flow cytometry analysis of Tn expression in
Jurkat cells transfected with different Cosmc constructs. For Tn staining, biotin-labeled mouse anti-Tn
was used. Mouse IgM isotype was used as control. Bound anti-Tn was detected by FITC-streptavidin.
Green line, Jurkat cells transfected with empty vector (pcDNA3.1) as control; filled line, Cosmc WT;
black line, Cosmc Mut I; red line, Cosmc Mut I11.



