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Abstract: Ulcerative colitis (UC) is characterized by epithelial barrier dysfunction and
dysregulated mucosal immune responses; however, the mechanisms driving disease onset remain
poorly defined. Autoantibodies against the epithelial-restricted integrin avp6 are a highly
specific biomarker of UC that can precede clinical diagnosis by up to 10 years. Because avf6
activates TGFp at epithelial surfaces, we hypothesized that UC-associated avfp6 autoantibodies
inhibit mucosal TGFp activation and disrupt epithelial homeostasis. We showed that avp6
autoantibodies were enriched in UC and that IgG from autoantibody-positive individuals
inhibited avp6—dependent activation of TGFp. avp6 blockade dampened TGFp signaling and

altered differentiation—associated gene programs in human intestinal epithelial cells. In mice,
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deletion of av caused expansion of inflammation-associated goblet cells in the colon and changes
in intestinal immune cells. Using a novel mouse model, we showed that avp6-specific
autoantibody disrupted epithelial-immune crosstalk and increased susceptibility to DSS colitis.
Together, these findings establish anti-avp6 autoantibodies as active inhibitors of epithelial
TGFp signaling, constituting a de facto anti-cytokine response, rather than passive biomarkers.
By linking preclinical seropositivity to impaired epithelial signaling and heightened
susceptibility to colitis, this work identifies epithelial avp6-dependent TGFp activation as a

pathway that may be leveraged to modify disease risk or limit disease severity.
I ntroduction:

Ulcerative colitis (UC) is a chronic inflammatory bowel disease (IBD) of the colorectum
characterized by relapsing inflammation of the mucosal layer and progressive disruption of gut
barrier function. The incidence and prevalence of UC continue to rise worldwide, posing a
substantial and growing global health burden (1). Clinically, UC is characterized by local and
systemic manifestations that significantly impair quality of life. Symptoms include abdominal
pain, diarrhea, and rectal bleeding, and many of those diagnosed with UC will require long-term
immunosuppressive therapy or colectomy. Although current therapies can induce remission in a
subset of individuals, a substantial proportion fail to respond or lose response over time (2, 3),
underscoring the need to better understand early pathogenic mechanisms of disease and identify

new therapeutic targets.

A central feature of UC is breakdown of the intestinal mucosal barrier which normally serves as
a tightly regulated interface between luminal microbiota and the host immune system. The
mucosal surface of the colon is comprised primarily of intestinal epithelial cells (IECs),

including absorptive enterocytes, secretory and sensory cells, and specialized resident immune
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cells, which together form a physical and immunological barrier (4). In UC, disruption of
epithelial integrity leads to increased permeability, aberrant immune activation and sustained

inflammation, contributing to exacerbation of disease (4-6).

Increasing evidence suggests that UC, like other autoimmune diseases, is preceded by a
preclinical phase characterized by subclinical immune activation and measurable serologic
changes years before diagnosis (7). In diseases such as rheumatoid arthritis and systemic lupus
erythematosus, disease-specific autoantibodies arise long before clinical onset and are now
understood to participate directly in disease pathogenesis, rather than serving solely as
biomarkers (8). However, UC has not traditionally been viewed as an antibody-mediated
autoimmune disease, and the functional contribution of preclinical autoantibodies remains poorly
defined. Recent reports have identified autoantibodies against the epithelial cell-specific integrin
avp6 as biomarkers for UC that can precede clinical diagnosis by up to 10 years (9-15). While
these findings establish avp6 autoantibodies as highly specific biomarkers of preclinical disease,
whether they actively impact epithelial function or simply reflect secondary immune activation
remains unknown. Notably, avp36 has been shown to play a role in the maintenance of barrier
integrity, suggesting its function may be mechanistically important in the development of UC

(16, 17).

av6 belongs to the av family of integrins which form cell surface heterodimers composed of an
a and a B3 subunit (18). avp6 is expressed exclusively by epithelial cells and binds to an
Arginine-Glycine-Aspartic acid (RGD) amino acid motif present on a variety of extracellular
matrix proteins. One of its major functions is the ability to activate the cytokine TGFf (16, 17).
TGFp is a multifunctional cytokine produced as 3 isoforms: TGF-1, TGF-p2 and TGF-B3. Of

these, TGF-B1 (henceforward referred to as TGF) is the most abundantly expressed in the
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intestine where it is produced by and signals to multiple cell types, including epithelial and
immune cells. TGFp is made as an inactive precursor, where the active cytokine is shielded by
latency-associated peptide (LAP). avp6 activates TGFp by binding to the RGD sequence
contained within LAP, initiating a mechanical force that pulls the latency complex apart,
exposing TGFp’s receptor-binding site (16, 17). Importantly, avp6-mediated activation does not
appear to fully release TGFp from the latency complex, requiring close cell-to-cell contact for

signaling (19, 20).

A large body of work has shown a critical role of the TGFp signaling pathway in the
pathogenesis of IBD. Studies in individuals with IBD have shown decreased phosphorylation of
downstream targets of TGFB, SMAD3/SMAD4 and increased expression of the negative
regulator of TGFB, SMAD7, in mucosal samples (21). Furthermore, genetic variants in the
SMAD family of genes are associated with the development of UC (22). In experimental mouse
models, knockout of TGFf signaling components globally or in specific immune cell subsets
induces spontaneous colitis or increases susceptibility to DSS colitis (23-26). Highlighting the
importance of intrinsic TGFp signaling in the intestinal epithelium, loss of TGFf receptor
(Tgfbr2) function specifically in IECs similarly increases susceptibility to DSS colitis and
impairs intestinal wound healing (27-29). Given that impaired TGFf signaling is strongly linked
to intestinal inflammation, understanding how latent TGFp is locally activated within the colonic

epithelium and how this process may be perturbed in UC is critical.

Although avp6 autoantibodies have emerged as specific biomarkers of UC, fundamental
questions remain regarding their functional properties and relevance to disease pathophysiology.
Recently, rare loss-of-function variants in the genes encoding av (ITGAV) and 36 (ITGB6) have

been associated with severe early onset colitis and intestinal inflammation (30, 31). Given these
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92  findings, the central role of avp6 in activation of TGFf, and the importance of epithelial TGFj
93  signaling in barrier maintenance and repair, we hypothesized that UC-associated av[36

94  autoantibodies inhibit avp6-mediated TGFp activation, disrupt epithelial homeostasis, and

95  establish a pre-colitis state that precedes and predisposes to the development of disease. To test
96  this, we integrated analyses of samples from individuals with UC and functional assays of avf6-
97  dependent TGFp activation, transcriptional profiling in human intestinal epithelial cells, and

98  complementary in vivo models of loss of epithelial avp6 function. Together, our findings define
99  amechanistic link between anti-avp6 autoantibodies, impaired mucosal TGFp activation, and

100 increased susceptibility to colitis.
101  Results:
102 Anti-avp6 1gG and IgA are detected in UC

103  To confirm recent reports that anti-avp6 autoantibodies are strongly associated with UC, we

104  analyzed serum and plasma from individuals with UC (n=194) and healthy subjects (HS) with no
105  family history of autoimmune disease (n=338). (Table 1). We detected both IgG and IgA

106 binding to avp6 in UC samples by ELISA, but not in the majority of HS (Fig 1A,B). In UC,

107 levels of IgG and IgA autoantibodies were significantly correlated (r=0.61, p<0.001; Supp Fig
108  1A). Total IgG and IgA were significantly but modestly elevated in UC compared to HS (Supp

109 Fig1B).

110  Anti-avp6 autoantibody levels strongly discriminated those with UC from HS (area under the
111 receiver operator curve [AUC] of 0.959 for IgG and 0.899 for IgA; Supp Fig 1C), and using
112 thresholds derived from this analysis, 173 (89.2%) of UC donors were positive for anti-avp6
113 1gG, and 148 (76.2%) for 1gA, compared with only 39 (11.5%) and 35 (10.4%) of HS. To

114  estimate relative autoantibody abundance, we also calculated equivalent avp6 binding units
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115 compared with monoclonal human anti-avp6 1gG or IgA. By this metric, very few (<10) HS
116 samples exhibited detectable anti-avf6, and at a significantly lower concentration than UC

117 samples (Fig 1 C,D).

118 Antibodies to the related integrin avp3 have been reported in some UC donors (9) and isolated
119  anti-avp6 autoantibodies can show cross reactivity with avp3 (14). To determine whether anti-
120  av6 seropositivity reflected broader anti-av integrin reactivity, we screened a subset of samples
121  for anti-avp3 antibodies. Anti-avp3 OD values were significantly higher in UC compared with
122 HS (Supp Fig 1D); however, substantial overlap between groups was observed. Importantly, in
123 UC, anti-avp3 1gG levels did not correlate with anti-avp6 1gG levels (r=0.11, p<0.35; Supp Fig
124  1E), while a modest correlation between avp6 and avp3 IgG was observed in healthy subjects
125  (r=0.34, p<0.0001; Supp Fig 1F). Together, these findings indicate that UC avp6 autoantibodies
126  reflect a selective immune response against avp6 integrin rather than a manifestation of broad

127  anti-av autoreactivity.

128  Prior studies examining whether anti-avp6 autoantibody levels correlate with disease severity
129  have yielded mixed results (9, 32, 33). In our cohort, autoantibody levels demonstrated weak or
130  no correlation with clinical disease activity (SCCAI; Fig 1E) or systemic inflammation (C-

131 reactive protein; Fig 1F) and did not meaningfully associate with fecal calprotectin levels (Suppl
132 Fig 1G). Among those with UC, duration of disease, age, and body mass index did not correlate
133 with autoantibody levels, and there was no significant difference by sex (Supp Fig 1H-K).

134 Furthermore, the majority of individuals that had undergone colectomy remained seropositive
135  (Supp Fig 1L). As has been previously reported (34-36), 1gG autoantibodies were significantly
136 higher in a small subset of people with UC and concomitant primary sclerosing cholangitis

137 (PSC), compared with non-PSC UC (Suppl Fig 1M). Collectively, these data indicate that anti-
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138 avp6 autoantibody levels do not consistently track with inflammatory activity or most clinical

139  severity metrics in established UC.
140  avp6-specific B cellsand autoantibodies are detected in UC tissue

141 Previous studies have focused on autoantibodies present in blood circulation, but it remains

142 unclear where autoreactive B cells reside and whether autoantibodies are produced at sites of
143 inflammation in the colon. To answer this question, we developed an ELISPOT assay to detect
144  avp6-specific B cells. We first tested for the presence of avp6-specific memory B cells in

145  circulation using PBMCs from clinically confirmed UC and age-matched HS pre-activated with

146 R848 and IL-2 (37). avp6-specific B cells were detected exclusively in UC PBMCs (Fig 1G).

147 Given our ability to detect avp6-specific B cells in peripheral blood, we next assayed lamina
148 propria (LP) cells from colon biopsies of people with and without UC. To focus on antibody-
149  secreting plasma cells, LP cells were not activated prior to the ELISPOT assay. We detected
150  anti-avp6 IgG-producing B cells exclusively in UC (Fig 1H). Anti-avp6 IgA-producing cells
151 were also detected in the LP, but at lower numbers than IgG-producing cells. To further confirm
152  that autoantibody-producing cells are present in UC LP, we measured autoantibodies in

153  supernatants from overnight cultures of colon biopsies. Both IgG and IgA anti-avp6

154  autoantibodies were produced by biopsies from UC but not HS. Furthermore, in a subset of

155  samples with paired biopsies from the same UC donor, both 1gG and IgA autoantibodies were
156  elevated in inflamed (defined by gross endoscopic inflammation at time of biopsy) relative to
157 uninflamed regions of the colon (Fig 1I). Together, these findings indicate that avp6-specific B
158  cells are present both in circulation and in colonic tissue and suggest that local autoantibody

159  production is increased during inflammation.

160  1gG from autoantibody positive UC inhibits activation of TGFf
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161  avp6 binds to a range of extracellular matrix-associated proteins through a conserved Arginine-
162  Glycine-Aspartic acid (RGD) amino acid motif. Prior work has shown that UC autoantibodies
163  block the ability of avp6 to bind to the RGD-containing ligand fibronectin (9, 14). However, a
164  major physiological role for avp6 is to activate TGFp by binding to a another RGD-containing
165 ligand, LAP, on TGFp (16, 17). We therefore sought to determine whether UC autoantibodies
166 inhibited this function of avp6. We first tested whether serum from 29 UC donors who exhibited
167  the highest IgG autoantibody titers could inhibit avp6 binding to latent TGFB (L-TGFp) using
168  HT-29 colonic epithelial cells that endogenously express avp6 (9). HT-29 cells adhered to plates
169  coated with recombinant L-TGFp, and this was inhibited by pretreatment with an avp6-specific
170 monoclonal antibody, 3G9, that blocks ligand binding (38, 39). Serum from 10 of 29 UC

171 inhibited cell adhesion to L-TGFp, whereas serum from HS with no detectable anti-avp6

172 antibodies had no effect (Fig 2A). Of note, sera that inhibited adhesion to L-TGFp also inhibited
173 binding to fibronectin, consistent with antibodies inhibiting integrin binding to the canonical

174  RGD ligand (Supp Fig 2A,B). Anti-avp6 1gG and IgA titers did not relate to inhibitory function,
175  suggesting function-blocking antibodies may comprise a variable fraction of the polyclonal anti-

176  avp6 repertoire (Fig 2B).

177 To test whether UC autoantibodies inhibit activation of TGF[, we co-cultured T84 colonic

178  epithelial cells, which express avp6 (Fig 2C), with a TGFp signaling reporter cell line in the
179  presence of L-TGFp (Fig 2D). We confirmed that T84 cells were able to activate L-TGFf for
180  signaling to co-cultured TGFp reporter cells, and this was inhibited by the monoclonal antibody
181  to avp6, 3G9 (Fig 2E). We next selected UC sera that effectively blocked L-TGFp binding, and
182  purified IgG to exclude confounding effects of TGFf present in serum. IgG from individuals

183  with UC inhibited activation of TGF while IgG from HS that were negative for anti-av6
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184  antibodies had no effect (Fig 2E). To exclude the possibility that the IgG-mediated inhibition of
185  TGFp activation by colonic epithelial cells was not mediated through blockade of avf36, we

186  generated TGFp reporter cells expressing the 6 subunit (6 HEK-Blues) (Supp Fig 2C).

187 Wildtype HEK-Blue cells express av integrin but not 6, and are unable to activate L-TGF,

188  whereas 6 HEK-Blues gain the ability to activate L-TGFp (Supp Fig 2D,E). L-TGFp activation
189 by p6 HEK-Blues was equally blocked by 3G9, or by IgG from a UC donor that showed

190  blocking activity in Fig 2E (Supp Fig 2F). Together, these data show that UC autoantibodies
191  inhibit avp6-dependent binding of colonic epithelial cells to L-TGFf and activation of L-TGFf

192  for signaling.
193  Inhibition of avp6-mediated TGFp activation disrupts epithelial cell homeostasis

194  Increasing evidence indicates that UC is associated with intrinsic remodeling of the intestinal
195  epithelium. Analyses of human colonic tissue have revealed widespread alterations in epithelial
196  cell states, differentiation trajectories, and stress and repair—associated transcriptional programs
197 in UC (40-42). Given the established role of TGFp signaling in regulating epithelial

198  proliferation, differentiation, and repair in the intestine (28, 29), we examined the transcriptional

199  consequences of epithelial TGFp inhibition downstream of av[36 blockade.

200 T84 cells were differentiated into mature colonic epithelial monolayers and treated daily for 5
201  days with the anti-avp6 monoclonal antibody 3G9, a TGFp neutralizing antibody, active TGFp,
202 or media-alone, followed by transcriptional analysis by RNA-Seq. We identified 62 differentially
203  expressed genes (DEGs) following anti-avp6-treatment relative to untreated controls (Fig 3A),
204  and 318 DEGs in response to active TGFp (Fig 3B). Treatment with a TGFp neutralizing

205  antibody also caused gene expression changes in T84 cells (Supp Fig 3A), and although these

206 were smaller in magnitude than with av36 blockade, we identified a shared set of anti-avf6 and
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207 anti-TGFp-responsive genes whose directionality was generally conserved across both

208  treatments (Fig 3C). The majority of these shared DEGs were regulated in the opposite direction
209 by treatment with TGFp, indicating that they are true TGFp-responsive genes. A subset of

210  transcripts was more strongly modulated by anti-avp6 than by TGFf neutralization. Notably,

211 avp6 inhibition increased expression of the transport genes AQP8 and SLC26A3, while

212 decreasing S_C30A2, indicating shifts in epithelial fluid and electrolyte handling (53-55). In

213 parallel, multiple metallothionein family members (MT1 and MT2), which bind intracellular zinc
214  and have been linked to protection against intestinal inflammation, were downregulated (56—61).
215 Given that S.C30A2 encodes a zinc exporter and MTs regulate intracellular zinc buffering, these
216  coordinated changes suggest altered epithelial zinc homeostasis following avp6 blockade.

217 Together, these findings indicate that avp6 inhibition primarily disrupts TGFp-responsive

218  epithelial programs, while exerting additional selective effects on zinc-handling and transport

219  pathways.

220  Principal Component Analysis (PCA) clearly separated TGFf-treated, untreated, and anti-TGFp
221 treated cells, with cells treated with 3G9 clustering closest to anti-TGFf-treated cells (Fig 3D).
222 To further define the broader transcriptional programs associated with TGFp signaling, we next
223 examined gene ontology (GO) enrichment analysis of genes contributing positively to PC1

224 (corresponding to TGFp signaling). We found that PC1 genes enriched for processes related to
225  translational control, differentiation, regulation of growth, and cellular stress responses (Supp
226 Fig 3B). This profile suggests that TGFp signaling coordinates upregulation of stress-adaptive
227 and maintenance pathways which are downregulated following avp6 or TGFp blockade in

228  differentiated colonocytes.

10
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229 Genes negatively associated with PC1 (corresponding to inhibition of TGFp signaling) did not
230  demonstrate significant GO term enrichment, prompting deeper examination of the individual
231  DEGs shared between anti-avp6 and anti-TGFp treatment (Fig 3C). Among these were several
232 downregulated genes involved in epithelial adhesion and matrix organization, including TGFBI,
233 LAMAS3, DSE, AMIGO2, and ARRDC3 (43-46), and the tight junction component CLDN2 (46).
234  These findings indicate that inhibition of avp6-mediated TGFp activation alters structural and
235  barrier-associated gene programs. Additionally, secretory goblet cell-associated genes were also
236  affected. Blockade of avp6 or TGFp signaling increased expression of MUC2, BMP2, and

237 GDF15 and reduced expression of the Notch-associated regulator POFUT1, consistent with

238 enhancement of goblet cell programs (47-49).

239 The induction of goblet cell-associated genes together with marked changes in epithelial fluid
240  and electrolyte transport genes raised the possibility that loss of avp6 function impacts epithelial
241  differentiation programs of absorptive and goblet IEC lineages. To determine whether

242  transcriptional changes reflected broader shifts in epithelial cell state, we assessed lineage-

243 associated epithelial programs using curated marker gene signatures from human colon scRNA-
244 Seq studies (6, 40). For each IEC subset, we calculated per-sample signature scores based on the
245  mean Z-score across marker genes and treatment conditions. TGF[ treatment suppressed

246 absorptive and goblet cell expression (Fig. 3E, Supp Fig 3C), consistent with a role for TGFj
247 signaling in restraining epithelial differentiation. In contrast, anti-avp6 led to an induction of
248  both absorptive and goblet cell signatures, with more pronounced effects than those observed

249  following pan-TGFp blockade, while stem cell gene signatures showed opposing regulation.

250  avp6-dependent TGFp signaling maintains differentiation programsin primary |[ECs

11
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251 While differentiated T84 cells serve as a well-controlled system to study effects on terminally
252  differentiated IECs, they are limited in their ability to model early differentiation dynamics and
253  lineage commitment. We therefore turned to an in vitro culture system using primary human

254  |ECs derived from colon biopsies of healthy individuals which supports maintenance of

255 intestinal stem cells and their differentiated progeny (50). Primary IECs were treated once with
256 anti-avp6, active TGFp, or media-alone, and gene expression measured by RNA-Seq after 4 days
257 inculture. PCA revealed that the dominant source of variance reflected donor differences (PC1),
258  as expected for primary human samples, while PC2 captured TGFp-dependent differences (Fig
259  3F). As observed for T84 cells, TGFp-treated and anti-av[6 treated samples separated along this
260  component with untreated samples positioned in between, indicating that primary IECs also

261  undergo basal TGFp activation and signaling that is inhibited by avf6 blockade.

262 Genes associated positively with PC2 (TGFp response) showed enrichment for wound healing
263  and coagulation, cell-matrix adhesion, and multiple Wnt signaling modules, consistent with

264  known effects of TGFp signaling (Supp Fig 3D). Notably, enriched Wnt-related terms included
265  both canonical and non-canonical Wnt pathways as well as developmental programs linked to
266  epithelial and connective tissue differentiation, consistent with known crosstalk between TGFf

267 and Wnt signaling in regulating epithelial fate decisions (51, 52).

268  Pairwise comparisons between 3G9 and TGFp-treated IECs identified 90 DEGs, with the

269  majority displaying intermediate expression in untreated cells, confirming that anti-avf6 inhibits
270  TGFp signaling in these cultures (Fig 3G). DEGs included genes reported in canonical TGFp
271  transcriptional programs that were downregulated by avp6 blockade, including SERPINEL,

272 TGFBI, PMEPAL, CCN1, XKIL, and SNAI2 (43, 53). avf6 inhibition also decreased expression

273 of multiple genes involved in extracellular matrix organization and adhesion including LAMAS,

12
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274  LAMC2, ITGA2, TSPAN2, PLAU, and MMP10 (Fig 3H) (53, 54). avp6-mediated TGFj
275  signaling in primary human IECs therefore promotes a coordinated program in developing
276 epithelial cells encompassing canonical TGFp target gene expression, extracellular matrix

277 remodeling, tissue repair pathways, and Wnt-signaling dependent differentiation.

278  We next analyzed expression of the same lineage-associated gene signatures used in our

279  differentiated T84 cell dataset (Supp Fig 3E). Anti-av6 promoted expression of genes

280  associated with absorptive and goblet cell programs, whereas TGFp treatment showed the

281  opposite pattern (Fig. 31). Interestingly, anti-avp6 caused increased expression of some stem

282  cell-associated genes, the opposite effect observed in T84 cells, although the effects were weaker
283  in primary IECs. This likely reflects context-dependent effects of TGF[ signaling which can

284  differentially regulate stem and progenitor populations versus terminally differentiated epithelial
285  cells. Collectively these results indicate that intestinal epithelial cells rely on avp6-mediated

286  TGFp activation and signaling in culture, which constrains epithelial plasticity in primary IECs
287  and regulates differentiation trajectories. Inhibition of avp6 promotes goblet and absorptive

288  epithelial cell programs in both early developing IECs and fully differentiated cells.
289  Spatial transcriptomicsreveal cellular remodeling in av-villin mouse colon

290  Invivo, epithelial cell state is influenced by multiple cell intrinsic and extrinsic factors, including
291  tissue location, local immune and stromal cells, and microbes in the gut lumen. Furthermore,
292 intestinal epithelial cells are known to direct differentiation of gut resident immune cells, in part
293  through TGFp activation (55). To understand how inhibition of epithelial avp6 function affected
294  epithelial and immune homeostasis, we generated a mouse model in which av integrins were

295  deleted from intestinal epithelial cells, termed av-villin mice.
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296  av-villin mice exhibited no developmental defects or evidence of intestinal inflammation (Supp
297  Fig 4A,B). This is consistent with the phenotype of total Itgb6 knockouts, which also show no
298 intestinal inflammation but do exhibit some spontaneous skin inflammation (56). To more deeply
299  probe changes in the intestinal epithelium, we analyzed ‘swiss roll’ preparations of colon from
300 12-week-old av-villin and littermate control mice using the Visium HD spatial transcriptomics

301 platform (Fig 4A).

302  We identified a total of 727,091 cells across all samples. After clustering, cells were separated
303 into 5 major cell types (smooth muscle cells [SMCs], plasma B cells, other immune cells, and 2
304  major types of epithelial cells, enterocytes and goblet cells [GCs])(Fig 4B,C). These cell types
305  mapped to expected regions of the colon (Fig 4D). With the exception of plasma B cells, which
306  were found throughout the lamina propria, other immune cells were largely confined to large
307  immune follicles. In this experiment, follicles were most prominent in av-villin mice but were
308 seen in other colon sections from control mice, and therefore represent variation in tissue
309 orientation rather than underlying differences due to genotype. Other cell populations including
310 neurons, endothelial cells, and lamina propria T cells and dendritic cells (DCs) could not be
311 unambiguously identified due to their small size compared with the resolution of Visium HD (2
312 um), and high background of highly expressed epithelial transcripts such as Muc2. Initial
313  analyses of the 5 major cell types identified differences in the GC compartment of av-villin
314  colon, with an increase in the fraction of total GCs and changes in the relative proportion of

315 individual GC clusters relative to controls (Fig 4E,F).
316 Lossof epithelial av causes expansion of canonical goblet cellsin the mid colon

317  To better define the changes observed in the GC compartment in av-villin mice, GCs and

318  enterocytes were separated based on relative expression of Muc2 and Muc3 and re-clustered.
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319  Subclusters showed major differences in distribution along the colon, with clear GC and
320  enterocyte populations restricted to proximal, mid and distal regions, and distinct positioning
321 along the crypt-lumen axis (Fig 5A-D), in agreement with other scRNA-Seq and spatial
322 transcriptomics studies (41, 73-77). Comparison of cluster frequencies between genotypes
323 revealed that several GC subsets were increased in av-villin mice (Fig 5E, left). When projected
324  onto H&E images, the expanded clusters appeared to be localized to the mid colon (Supp Fig
325  5A,B), and this was confirmed by digital ‘unrolling’ of colon images (Fig 5E, right). By contrast,
326  enterocyte proportions and spatial distributions were largely unchanged by genotype (Supp Fig

327 5C).

328  Colonic GCs comprise multiple functionally distinct subsets that differ by location and gene
329  expression profile. To define the identities of GC populations altered in av-villin mice, we
330 integrated differential expression analysis between GC subclusters with curated marker gene
331 signatures from published mouse and human colon datasets (41, 42, 73-78). Twelve clusters
332 could be classified into seven major GC subsets (Fig 5F), while four subsets included
333  contaminating non-epithelial transcripts that were excluded from further analysis. Assigned GC
334  subsets included (i) recently proliferating cells undergoing early GC differentiation (clusters 0
335 and 1) characterized by high levels of Mki67 and TopZ2a located in the low to mid crypt; (ii) three
336  populations of ‘canonical’ GCs, defined by expression of Car8 and Agpl (clusters 3, 5 and 13),
337  Ccn3 and Muc4 (cluster 14), or Ang4, Fcgbp and Clcal (cluster 10) (57); (iii) two populations of
338  ‘non-canonical’” GCs expressing intermediate levels of Muc3 and either Hmgcs2 and Reg3b/g
339  (clusters 9 and 15) or Agp4, Gsdmc4 and Hao2 (cluster 7) (57); and (iv) a population uniquely
340  expressing Mxdl, Sfnl and Agp8 (Cluster 12), which was predominantly present in the distal

341 colon and restricted to the luminal surface, consistent with intercrypt GCs (41).
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342  The 3 expanded mid colon GC populations in av-villin mice (4, 10 and 14) had distinct but
343 overlapping gene expression patterns and were enriched for antimicrobial and inflammation-
344  associated genes upregulated in infection, such as Retnlb, Ang4 and Mptx1 (58-60), and Gpx2
345  and Pla2g4c, which encode proteins involved in superoxide production and oxidative stress.
346 Cluster 14 also expressed Muc4, Ccn3 and Pdia3, and represented a subpopulation of GCs found
347 in the lower crypt that are specialized for acidic mucin production (61). Cluster 10 expressed
348  high levels of Ang4, and closely resembled GCs that develop in mice during bacterial
349  colonization (57). Cluster 4 shared expression of several signature genes with the Ang4+ GCs

350  (cluster 10) but also expressed high levels of genes encoding Gsdmc.

351  These expanded clusters were ordered along the crypt-lumen axis with cluster 14 closest to the
352 crypt, followed by cluster 10 and then cluster 4 in the mid-crypt region (Fig 5G; Supp Fig 5D).
353  Four ‘signature’ GC genes that showed overlapping expression for each subset, Retnlb, Ang4,
354  Gsdmc and Fcgbp, showed similar patterns, with Retnlb and Ang4 expressed closer to the crypt,
355  Gsdmc4 in the mid crypt, and Fcgbp expanded throughout the crypt—lumen axis in av-villin mice
356  (Fig 5H). We speculated this may reflect the maturation of GCs as they migrate up the crypt,
357  particularly as all three subsets expressed genes consistent with canonical GCs which are
358  proposed to arise along a distinct developmental trajectory to non-canonical GCs (41). In support
359  of this model, we identified 2 major trajectories in the mid colon which separated the canonical
360 GCs from the non-canonical subsets, which were more closely related to enterocytes (Fig 5I).
361  All 3 expanded subsets laid within the canonical trajectory and were ordered consistently with
362  their positions within the crypt. The expansion of these subsets accompanied by fewer

363  proliferative GCs in the mid colon in av-villin mice suggest that loss of av biases GC
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364  differentiation towards more mature states, consistent with the skewing towards GCs observed in

365  human IECs (Fig 3E,l), and that this predominantly affects the canonical GC pathway.

366  To confirm the locations of these GC populations, we assessed sections from additional control
367 and av-villin mice for in situ expression of 4 genes: Retnlb, expressed by the expanded canonical
368  GC subset; Gsdmc4, expressed by both expanded canonical and non-canonical GCs; and Agp8
369 and Duoxa2, which are expressed in intercrypt cells. As seen by spatial transcriptomics, Retnl1b
370  was expressed in GCs close to the crypt and Gsdmc4 in cells midway along the crypt. Both
371 populations were expanded in av-villin mice but had largely non-overlapping patterns of gene
372 expression with few Retnlb and Gsdmc4 double positive cells (Fig 5J). By contrast, Agp8 and
373  Duoxa2 were expressed in intercrypt cells and did not show major changes in the pattern of
374  expression in av-villin mice. Together, these data reveal that disruption of epithelial av causes
375  expansion of subsets of GCs involved in anti-microbial response and inflammation, and that

376  effects were primarily localized to crypt cells in the mid-colon.
377  Epitheial av regulatesintraepithelial immune cell residency

378  The epithelium exists in close proximity to immune cells, including specialized intra-epithelial
379  lymphocytes (IELs) and populations of macrophages and dendritic cells (DCs). The
380  differentiation, retention, and regulation of these immune cells rely on signaling from TGFp that
381 is activated locally by epithelial cells, and deletion of p6 from epithelial cells in the skin and
382 small intestine results in loss of IELs (55). We therefore investigated whether deletion of av
383  affected immune cell populations in the colon. av-villin mice had similar total numbers of
384  colonic IELs to control mice (Fig 6A,B) but had a selective loss of ‘conventional’ TCRaf"
385 CDS8of" IELs (Fig 6C). Furthermore, expression of CD103 («EB7 integrin), a marker of tissue

386  resident lymphocytes that contributes to lymphocyte retention through binding to E-cadherin on
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387  epithelial cells (62, 63), was completely lost in av-villin mice (Fig 6D). Similar loss of CD103
388 was observed in the other major populations of IELs, TCRap" CD8oo’ and TCRy§" cells (Fig
389 6E,F). In T cells, CD103 is strongly responsive to TGFp, and loss of expression on IELs
390 therefore supports a role for epithelial av in local activation of TGFp for signaling in trans to

391 interacting lymphocytes.

392 We also analyzed CD11c* DCs which were isolated in the colon IEL fraction. In control mice,
393 these IEL DCs include CD103" CD11b cDCl1s, which are involved in modulation of epithelial
394  inflammatory responses and generation of Tregs, and CD103" CD11b" c¢DC2s, which are
395  associated with Th17 responses (64-67). CD103 expression was lost in IEL DCs from av-villin

396 mice and a relative increase in CD11b" DC2s (Fig 6G).

397 In contrast with the effects on IELs, we observed no major differences in the number of colon LP
398  immune cells, or in activated CD4 and Treg T cell numbers in av-villin mice (Supp Fig 6A-C).
399  We also did not see significant changes in T cells or DCs in the mesenteric lymph node (MLN)
400  of av-villin mice compared with controls (Supp Fig 6D-1). Hence epithelial av plays a non-

401 redundant role for generation of CD103" T cells and DCs resident in the colonic epithelium.
402  Deletion of epithelial av exacer bates colitisin mice

403  Despite changes in the intestinal epithelium and resident immune cells, av-villin mice did not
404  develop spontaneous inflammation. To determine whether loss of epithelial av affected the
405  development of colitis, mice were treated with Dextran Sodium Sulphate (DSS). av-villin mice
406  developed more severe disease than littermate controls, showing increased weight loss, mortality,
407  and disease score (Fig 6 H-J). This was particularly apparent during days 8 to 14, when mice

408  returned to normal drinking water. When harvested after 14 days, the majority of control mice
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409  had recovered their weight loss whereas av-villin mice had persistent weight loss, disease

410  activity, and more severe intestinal inflammation (Fig 6 H-K).
411  avp6 autoantibodies block epithelial TGFp activation and exacer bate colitisin vivo

412  Taken together, these data demonstrate that deletion of av integrins from the intestinal
413 epithelium disrupts the colon GC and immune cell compartments and exacerbates experimental
414  colitis. However, it remains unclear whether development of autoantibodies in fully developed
415  mice could recapitulate the effects of genetic deletion. To better model the development of UC
416  associated avp6 autoantibodies, we established a novel murine autoimmune model. C57BL/6
417 mice were immunized with recombinant human avp6 protein emulsified in Complete Freund’s
418  Adjuvant (CFA). Reflecting the 89.5% homology between human and mouse avf6, this
419  approach elicited high serum titers of antibodies that recognized both human and mouse avp6
420  while no anti-av[36 activity was seen in control mice that received adjuvant alone (Fig. 7A). Sera
421 from mice immunized with avp6 were function blocking, inhibiting cellular adhesion of HT-29
422 cells to L-TGFB in a dose-dependent manner (Fig. 7B). Immunized mice did not develop
423 spontaneous intestinal inflammation, even up to 12 weeks after immunization (Fig 7C,D). We
424 noted that immunized mice did develop hair loss and skin lesions at sites of immunization, and
425  epithelial hyperplasia around ear tags (Supp Fig 7A,B), similar to phenotypes seen in Itgb6”'
426 mice (68), indicating that avp6 autoantibodies inhibit function in vivo. As observed in av-villin
427 mice, persistence of epithelium-resident immune cells was impaired in avp6-immunized mice,
428  with reduced numbers of CD8af * IELs and loss of CD103 expression (Fig 7E,F). Finally, in the
429  DSS colitis model, avp6-immunized mice had greater weight loss and lower survival than
430  adjuvant-alone controls (Fig 7G,H). After harvest at day 14, avp6-immunized mice had shorter

431 colon lengths and more severe inflammation than controls (Fig. 71,J).
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432  Discussion:

433  UC is characterized by epithelial barrier dysfunction and sustained mucosal inflammation;
434  however, the mechanisms that initiate disease remain incompletely understood. avp6
435  autoantibodies have emerged as specific biomarkers of UC that can precede clinical diagnosis by
436 up to 10 years (9-15). Here, we show that these autoantibodies are functional, blocking avp6-
437  dependent activation of latent TGFp in the intestinal epithelium. This inhibition altered epithelial
438  differentiation programs, disrupted epithelial-immune crosstalk, and increased susceptibility to

439  colitis in vivo in mouse models.

440  Across human and mouse systems, deletion or inhibition of avp6 revealed that epithelial cells
441 rely on ongoing avp6-mediated TGFp signaling to maintain coordinated differentiation and
442  barrier-associated gene programs. In human IECs, avp6 blockade altered expression of genes
443 involved in epithelial transport, tight junction regulation, adhesion, and extracellular matrix
444  organization, including AQP8 and metallothionein genes which are implicated in epithelial
445  homeostasis and dysregulated in UC mucosa (69-75). avp6 blockade enhanced GC lineage-
446  associated gene signatures in vitro, and epithelial av deletion in vivo led to expansion of
447  canonical goblet cell populations in the mid colon. Notably GC-associated genes induced by
448  avp6 blockade in T84 cells (MUC2, RETNLB, FCGBP, CLCA1) were enriched within the
449  expanded GC subsets in av-villin mice, demonstrating concordant effects on GCs across these

450  experimental systems.

451  The observed expansion of GC populations following avp6 disruption may appear discordant
452 with the association of UC with GC depletion (76, 77). However, recent single-cell and spatial
453 transcriptomic analyses indicate that UC involves dynamic remodeling of GC states rather than

454 uniform lineage loss (6, 41). Consistent with this framework, the expanded GC subsets in ov-
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455  villin mice were enriched for antimicrobial and stress-associated genes and expressed Gsdmc
456 family members, which are induced by type 2 cytokines (78, 79). Similar GC subsets are absent
457 in germ-free mice and develop following microbial colonization and local immune cell activation
458  (57), highlighting the influence of cytokine and microbial cues on goblet cell composition.
459  Together, these findings support a model in which avp6-mediated TGFp activation constrains

460  cytokine- and microbiota-driven remodeling of goblet cell states.

461  Loss of epithelial av also disrupted development of tissue-resident immune cells, with reduced
462  numbers of some colonic IELs and near-complete loss of CD103 expression across all IEL
463  subsets and intraepithelial DCs. CD103 expression is induced by TGFp, strongly supporting a
464  role for epithelial av in locally activating TGFp to sustain colon-resident immune populations.
465  Reduced CD103" mucosal T cells have been reported in active UC (80, 81), suggesting that
466  impaired epithelial TGFp activation phenocopies aspects of immune disruption seen in disease,
467 and the similar IEL changes in the avp6-immunization model demonstrate that antibody-

468  mediated blockade is sufficient to recapitulate these defects.

469  The concordance between autoantibody and gene knockout effects in mice supports our model
470  that anti-avp6 antibodies contribute to disease through inhibition of integrin function rather than
471 through immune targeting of epithelial cells (82). However, despite epithelial and immune
472  alterations, neither epithelial av deletion nor induction of avp6 autoantibodies triggered
473 spontaneous inflammation. Both models did show increased inflammation and poor recovery in
474  the DSS-colitis model. These results are consistent with prior studies of epithelial-intrinsic TGFp
475  disruption (27-29) and parallel the observation that individuals with avp6 autoantibodies may

476  remain asymptomatic for years before UC diagnosis (11). We propose that avp6 dysfunction
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477  establishes a preclinical state of barrier vulnerability, characterized by expansion of potentially

478  inflammatory GCs and tissue immune cells, which promote excessive inflammation.

479 These findings should be interpreted in light of several limitations. Although circulating anti-
480  avf6 titers distinguished UC from healthy subjects, they showed weak associations with clinical
481  activity and persisted after colectomy. Functional inhibition did not correlate directly with

482  antibody titer, suggesting that qualitative features of the antibody repertoire, including epitope
483  specificity and the fraction of function-blocking antibodies, may determine pathogenic potential.
484  Additionally, DSS colitis represents an injury-driven model that does not fully recapitulate

485  chronic human disease. Longitudinal studies in seropositive individuals, together with

486  mechanistic analyses of the av36 immunization model, will be necessary to define how anti-

487  avp6 antibodies influence disease susceptibility and progression.

488  More broadly, this work reframes avp6 autoantibodies as functional modulators of epithelial
489  signaling rather than mediators of direct epithelial immune targeting. By preventing localized
490 activation of TGFp at epithelial surfaces, these antibodies function as a de facto anti-cytokine
491  response, attenuating a tissue-protective signaling pathway before overt inflammation develops.
492 By linking preclinical seropositivity to impaired TGFf activation and altered mucosal

493  homeostasis, these findings provide mechanistic insight into how autoantibodies can shape

494  disease susceptibility prior to overt inflammation. Therapeutic strategies aimed at restoring

495  epithelial TGFp signaling, preserving tissue-resident immune populations, or selectively

496  neutralizing pathogenic anti-avp6 antibodies may therefore modify disease trajectory in at-risk

497 individuals and potentially reduce severity once UC is established.
498  Materialsand Methods:

499  Study design
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500  This study investigated whether UC-associated anti-avp6 autoantibodies inhibit epithelial TGF
501  activation and signaling. Functional effects of avp6 blockade were examined in human colonic
502  epithelial cells and in vivo using epithelial-specific av deficient mice and induced anti-avp6

503  antibody models. DSS-colitis models were used to assess the impact of epithelial avp6 disruption
504  on disease susceptibility. Human serum/plasma samples from UC and healthy subjects were

505  analyzed for anti-integrin antibodies. Bulk RNA-seq datasets and human colon biopsy specimens
506  were examined to assess gene expression and autoantibody production in inflamed versus

507  noninflamed tissues. Sample sizes for each experiment are indicated in the corresponding figure

508  legends.
509 Human subjects

510  Participants were enrolled in either the Gastrointestinal Diseases or the Healthy Control Registry
511  and Repository at the Benaroya Research Institute. Clinical protocols for each repository were
512 approved by the BRI Institutional Review Board under protocol numbers IRB #10090 and

513  IRB#3041700 respectively. All participants provided written informed consent prior to sample

514  collection. Samples from healthy participants were age and sex matched to those with UC.
515 Recombinant proteins

516  Recombinant human avf36 protein and anti-av3é6 monoclonal antibodies 3G9 (Sequence from US
517  patent US8992924B2) and F4 (83) were produced by WuXi Biologics. 3G9 was produced in a

518  human IgG1 backbone while F4 was produced both in a human IgG1 and IgA backbone.
5199 ELISA

520  Immulon 2HB plates were coated with recombinant human or mouse avp6 (WuXi Biologics;

521  R&D Systems) or human avp3 (R&D Systems) diluted in coating buffer. Diluted human or
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522 mouse serum/plasma or undiluted biopsy supernatants were added to coated plates, followed by
523  incubated with HRP-conjugated secondary antibodies. Plates were developed with TMB

524  substrate and absorbance was measured at 450 nm with background correction at 650 nm.

525  Seropositivity thresholds were defined using ROC analysis with Youden’s index. Quantitative
526  antibody levels were determined using monoclonal standard curves. Total 1gG and IgA were

527 measured using commercial kits according to manufacturer instructions.
528 ELISPOT

529  IgG and IgA ELISPOT assays were performed on PBMCs or lamina propria cells using
530  recombinant avp6-coated PVDF plates. PBMCs were pre-activated prior to plating. Spots were

531  developed according to manufacturer protocols and quantified using CellProfiler.
532  Cell adhesion assays

533  Cell adhesion assays were performed using plates coated with fibronectin or latent TGFf. HT-29
534  cells were pre-incubated with serum, purified IgG, or blocking antibodies and allowed to adhere.
535  Adherent cells were quantified using a BioTek Cytation 3 imaging system. Inhibition was

536 calculated relative to healthy subject controls.

537  Percent inhibition was calculated as:

538 (1 - [mean adherence of UC sample / mean adherence of healthy subjects]) x 100.

539 Individual UC samples were compared to the HS mean using one-sided Welch’s t tests. Samples

540  were classified as inhibitory if percent inhibition was >30% and P < 0.05.
541  1gG purification and TGFp activation assays

542  1gG was purified from serum and tested for inhibition of avp6-mediated TGFp activation using

543  co-culture and monoculture reporter assays. TGFp activation was assessed using HEK-Blue
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544  reporter cells (InvivoGen) plated on LAP-coated wells. Reporter activity was measured by SEAP

545  production.

546  avp6-expressing reporter cells were generated by transfecting HEK-Blue cells with 36
547  pcDNALneo (Addgene plasmid #13580) using Lipofectamine 3000. Stable transfectants were

548  selected with G418 and sorted for high surface avp6 expression by flow cytometry.
549  Cultureof human IECsfor RNA-Seq

550 T84 cells were differentiated on transwell inserts and treated with anti-avp6 (3G9), anti-TGF-f,
551  active TGFp, or media control prior to RNA isolation. Primary human intestinal epithelial cells
552 (IECs) were derived from colonoscopic biopsies and cultured in a stem/progenitor-supporting
553  system as previously described (55), with minor modifications. Primary IEC cultures were

554  treated with 3G9, TGFp, or media control prior to RNA stabilization and extraction. Additional

555  culture conditions and processing steps are provided in Supplementary Methods.
556  RNA-Sequencing

557 RNA libraries were prepared from purified RNA and sequenced on an Illumina platform. Reads
558  were aligned to the GRCh38 reference genome and gene counts generated. Differential
559  expression was performed using the limma-voom framework with Benjamini—-Hochberg

560  correction. Quality control metrics are described in Supplementary Methods.
561  Differential gene expression analysis of human IECs

562  Differential gene expression was analyzed using limma-voom with empirical Bayes moderation.
563  Primary IEC analyses incorporated donor pairing as a blocking factor. Principal component
564  analysis and pathway enrichment were performed in R. Gene ontology enrichment was assessed

565  using clusterProfiler with FDR correction.
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566  Colon epithelial marker analysis

567  Log2-transformed normalized RNA-seq expression values were used to quantify epithelial

568  differentiation programs using curated marker gene sets representing major intestinal epithelial
569  subsets. For the T84 dataset, gene-wise Z-scores were calculated across samples, and subset
570  signature scores were computed as the mean Z-scored expression of marker genes per sample.
571  For the primary IEC dataset, which contained heterogeneous epithelial populations, gene set
572 enrichment was quantified using Gene Set Variation Analysis (GSVA) on filtered log2-

573  transformed expression values. Signature scores were visualized as boxplots and heatmaps of
574  group-mean values. Marker gene expression patterns were visualized using Z-score—normalized

575  heatmaps. All analyses were performed in R.
576 PC loading and pathway analysis

577  Principal component analysis (PCA) was performed on logl I-transformed, normalized gene
578  expression matrices in R. Genes with the highest positive or negative loadings for principal
579  components of interest were used for heatmap visualization and pathway enrichment analysis.
580  Gene Ontology (GO) Biological Process enrichment was performed using clusterProfiler with
581  Benjamini—Hochberg correction. Full analytical parameters are provided in Supplementary

582  Methods.
583  Mouse models

584 Intestinal epithelium-specific av-knockout mice (av-villin) were generated by crossing
585 Itgav"™"*™* mice (84) on a C57BI/6 background and Vill-cre mice (B6.Cg-Tg(Vill-

Vflox/flox

586  cre)1000Gum/J; Jackson Laboratory). Littermate Itga mice with no Cre transgene were

587  used as controls. av-villin mice of 8-16 weeks were used for experiments. Immunizations were
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588  performed on C57BL/6J mice (Jackson laboratory) at 6-8 weeks of age. All mice were housed
589  under specific pathogen-free conditions at Benaroya Research Institute. All animal experiments
590  were performed under appropriate licenses and institutional review within local and national

591  guidelines for animal care.

592  For induction of avp6 autoantibodies, C57BL/6J mice (Jackson Laboratory) were immunized
593  subcutaneously with recombinant human avp6 protein (WuXi Biologics) emulsified in Complete
594  Freund’s Adjuvant (CFA; InvivoGen), followed by booster immunization in Incomplete

595  Freund’s Adjuvant (IFA; InvivoGen) two weeks later. Serum anti-avp6 responses were

596  confirmed by ELISA. IEL analysis was performed three months after boost, and DSS colitis

597  experiments were initiated one month post-boost.
508 DSScolitis

599  Mouse colitis was induced by administration of 1.75 — 2% wi/v of dextran sodium sulfate (DSS;
600  MP Biomedicals, 160110) ad libitum dissolved in drinking water for 7 days, followed by 7 days
601  of regular water. General health and body weight were monitored every other day to daily. Mice
602  that lost more than 20% of starting weight were euthanized. Severity of colitis was assessed

603  using a disease activity index (DAI) which incorporates weight loss, stool consistency, and Gl
604  bleeding (85). On day 14, colons were harvested and lengths recorded. Colon swiss rolls were
605  prepared as described below, stained with hematoxylin and eosin (H&E), and samples were

606  scanned on an ImageXpress HTai confocal microscope using 10X objective.
607  Generation of colon swissrollsfor spatial transcriptomics and RNAscope

608  Murine colons were excised, opened longitudinally, cleaned of luminal contents, and rolled from

609  distal to proximal to generate swiss roll preparations. Tissues were fixed, paraffin-embedded,
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610  and sectioned for spatial transcriptomics or RNAscope analysis. Spatial transcriptomic libraries
611  were generated using the 10x Genomics Visium HD platform according to manufacturer

612  protocols.
613  in gitu hybridization

614  RNAscope was performed using the RNAscope Multiplex Fluorescent Assay (Advanced Cell
615  Diagnostics) according to manufacturer instructions. FFPE colon swiss rolls were processed
616  according to the manufacturer’s protocol, sectioned at 10-micron thickness, and hybridized with
617  four target-specific probes: Duoxa2, Gsdmc4, Agp8, and Retnlb. Signals were developed using
618  TSA fluorophores, nuclei were counterstained with DAPI, and slides were imaged using

619  identical acquisition settings across samples on an Akoya Biosciences fluorescence imaging

620  system.
621  Spatial transcriptomics analysis

622  Spatial transcriptomics was performed on FFPE colon swiss rolls using the 10x Genomics

623  Visium HD platform. Libraries were prepared and sequenced according to manufacturer

624  protocols. Data were processed using Space Ranger and analyzed in Python using Scanpy-based
625  workflows. Cell segmentation, clustering, and trajectory analyses were performed as described in

626  Supplementary Methods.
627  Mouseintestinal preparation for flow cytometry

628  Murine colon and cecum were excised, opened longitudinally, and washed to remove luminal
629  contents. Intraepithelial lymphocytes (IELs) were isolated using sequential epithelial stripping

630  and density gradient separation. Remaining tissue was enzymatically digested to obtain lamina
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631  propria lymphocytes (LPLs). Single-cell suspensions were filtered, washed, and processed for

632  flow cytometric analysis.
633  Flow cytometry

634 Intraepithelial and lamina propria lymphocytes were isolated from murine colon and analyzed by
635  flow cytometry using standard enzymatic digestion and density gradient separation. Cells were
636  stained with viability dye and surface markers, fixed, and analyzed on a BD Fortessa or

637  Symphony cytometer. Gating strategies are shown in Supplementary Fig. 9.
638  Statistics

639  Statistical analyses were performed using GraphPad Prism (v10-11) unless otherwise indicated.
640  RNA-Seq analyses were conducted in R. All tests were two-tailed unless otherwise specified,
641  and P < 0.05 was considered statistically significant. Significance is denoted as ns (P > 0.05), *P
642 <0.05, **P <0.01, ***P < 0.001, ****P < 0.0001. Two-group comparisons were performed

643  using unpaired two-tailed t tests with Welch’s correction or Mann-Whitney U tests for

644  nonparametric data. For the adhesion assays, one-sided Welch’s t tests were performed

645  comparing individual UC samples to the healthy subject mean. Correlations were assessed using
646  Spearman rank correlation. ROC curves were generated in Prism, and optimal thresholds were
647  defined by maximizing Youden’s index. Multiple comparisons were adjusted using the two-stage
648  step-up false discovery rate (FDR) method where indicated. Survival was analyzed using

649  Kaplan—Meier curves and the log-rank (Mantel-Cox) test. Longitudinal data were analyzed using
650  mixed-effects models (REML). RNA-Seq differential expression was performed using the

651  limma-voom framework with Benjamini—Hochberg FDR correction. Paired primary IEC

652  analyses incorporated duplicate correlation to model donor effects.
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902  Figures:

903  Fig. 1. Anti-avp6 antibody levels, clinical parameters, and avp6-specific B cellsin UC and
904  healthy subjects. (A-B) Serum anti-avp6 1gG (A) and IgA (B) quantified by ELISA in healthy
905  subjects (HS; n = 338) and ulcerative colitis (UC; n = 194). Dashed lines indicate OD thresholds
906  for autoantibody positivity, determined by receiver operating characteristic (ROC) curve analysis
907  using the highest Youden’s index. (C-D) Concentrations of anti-avp6 1gG (HS, n=10; UC

908 n=153) (C) and IgA (HS, n=4; UC n=61) (D) in sera were interpolated from monoclonal

909  antibody standard curves; samples below the lower limit of quantification (LLOQ) are indicated
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910  and were excluded from concentration-based statistical analysis. (E-F) Correlation between

911  serum anti-avp6 1gG (left) or IgA (right) OD values and Simple Clinical Colitis Activity Index
912  (SCCAI) scores (n=171) (E) or serum C-reactive protein (CRP) levels (n=132) (F) in UC donors.
913  (G) Representative IgG ELISPOT images (left) and quantification (right) of avp6-specific IgG-
914  producing cells in peripheral blood mononuclear cells. (H) Representative 1gG ELISPOT images
915  (left) and quantification (right) of avp6-specific IgG and IgA-producing cells in colonic biopsies.
916  Wells coated without avp6 served as negative controls. (I, J) Anti-avp6 IgG (1) and IgA (J)

917  levels measured in supernatants from overnight-cultured colonic biopsies; dotted lines indicate
918  lower limits of detection (LLOD). Data are shown as individual data points with medians (A-D,
919  G-J) or with best-fit lines for visualization purposes only (E-F). Two-group comparisons were
920  performed using two-tailed Mann-Whitney tests (A-D, G, I, J). Correlations were assessed using
921  two-tailed Spearman rank correlation (E-F).

922
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Fig. 2. Functional effects of UC-derived anti-av6 autoantibodies on av6-mediated
adhesion and activation of TGFp. (A) Adhesion of HT-29 cells to latent TGFP (L-TGFp) in the
presence of anti-avp6 blocking antibody 3G9, HS serum, or UC serum, normalized to untreated
controls. (B) Inhibition of cell adhesion to L-TGFp by individual donor UC serum (left axis)
plotted against corresponding serum anti-av6 1gG levels (right axis). (C) Representative flow
cytometry histograms showing surface expression of avp6 on T84 cells stained with 3G9 (green)
or secondary-only control (gray). (D) Schematic of the in vitro assay used to measure av[6-
dependent activation of L-TGFp by T84 cells and signaling to HEK-Blue™ TGFp reporter cells.
(E) avp6-dependent activation of latent TGFf3 by T84 cells measured by HEK-Blue reporter
activity (OD620); dotted line indicates mean reporter activity across HS controls. Data represent
mean = SD and statistical significance determined using unpaired two-tailed t test with Welch’s

correction (A), individual data points (B) or mean = SEM (E)
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Fig. 3. Transcriptional profiling of human IECstreated with anti-av6 or TGFp. (A-B)
Volcano plot of differentially expressed genes (DEGs) for (A) 3G9-treated vs untreated T84 cells
or (B) TGFp-treated vs untreated T84 cells. (C) Heatmap of genes commonly regulated by 3G9
and anti-TGFp relative to untreated controls. (D) Principal component analysis (PCA) of T84

cell transcriptomes. (E) Epithelial subset signature scores in T84 cells based on curated marker
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gene sets. (F) PCA of primary IEC transcriptomes. (G) Volcano plot of DEGs for 3G9- vs

TGFp-treated primary IECs. (H) Heatmap of DEGs between 3G9- and TGFp-treated primary
IECs. (1) Epithelial subset program enrichment in primary IECs quantified by gene set variation
analysis (GSVA). Dotted lines in volcano plots indicate fold-change and false discovery rate
(FDR) thresholds.
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Fig. 4. Spatial transcriptomics analysis of colon from av-villin and control mice. (A)
Schematic of experimental design using ‘swiss roll’ sections of colons from naive av-villin and
control mice analyzed by Visium HD. (B) UMAP projection of leiden clusters of all cell types
identified in 2 control and 2 av-villin mice. (C) Dot plot with relative expression of selected
genes in cell clusters. (D) Projection of major cell type clusters onto swiss roll histological
sections (right) with H&E stain (left). Images captured at 4X, scale bars 1mm and 200um. Small
images show magnification of regions indicated by dashed lines. Images are from one

representative av-villin mouse. (E-F) Relative proportions of cell clusters in control and av-
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954 villin mice. Left panel shows all clusters together grouped by cell type; right panel shows relative

955  proportions of clusters within enterocytes, GCs and SMCs.

B L e c

Goblet Cells Enterocytes

o
g
= ]
th ud
UMAP1
E F
100
? ] Fraz-nidAmplilyly, 0
= DistalAmpityg 16
& Poe-nid Gag-hlAopTh 3@ -
S P " ProemdassAqol+l 58 -
S Prex-mid Ca g+ Aqel +2 13 () -
2 MK Bucd+ Conh 14 s -
2 MdAg4Retnll+ 10 -
L g MK Cadmz1 40 -
k4 u M AP (SRAM34 f=
Z g Prox. Hrgea2+ Regd +1 9@ -
% = Pox. Hmgeu2+ Reg3 +3 13
En E . Osa Intencypt 5Ce 12 1 ! ¢ ¥ ¥
;\—c 291028301850 687 B Celeyze ! Cas- 'Muctwienihl ! Angdr ' agpyiGedmes | Hmgews+ ! Anpht
0 2 5 @3 1081 @128 3W1a1s 0 05 10 Prorenmg ‘canoriaal GO ‘non-cannnien GOR' Intareryp
H | ‘ron-cananical’ ....canonicar J mmm
Refals £ R Codmar 5
| . Bstr I N
\ Intererype B g
4 1 )v / vrfmmm; g
) .»11,1-. A Muon G
) 4
. P domn, -
| Agpls
i Inles eyal G G'm:rgﬁ Luman
A Retnl1+
Angé . Erteicuyles Miedt g
! Pmiaratng fafd .
i Ciypt
Aapi+ . Kl
| Osdmut
/ Inercryot  Sedmet Angd+ fgg
Gsdmeod — - - | L= ' /\ Retni1+ 288
! . Enterocytes 1 Mued- -13:';
e | 2
ursn ! ! Proffamtrg 4.:..« 8
% | *
o —3-distal

956  Fig. 5. Characterization of expanded goblet cellsin av-villin mice. (A-D) Leiden clusters of
957  GCs (A) or enterocytes (C) projected by UMAP for all mice, or spatially (B, D) for a

958  representative av-villin mouse. Small images show magnification of regions indicated by dashed
959 lines. (E) Relative proportions of GC clusters in control and av-villin mice. Left panel shows
960 relative frequency across the whole colon, right panels show frequencies for sequential regions
961  along the length of the colon. (F) Heat map showing Z-score scaling of log-normalized goblet
962  cell signature gene expression across GC clusters. (G) Spatial projection of GC clusters, colored

963 asin (E), over H&E image (grayscale) for mid colon. Each image is from an individual mouse.
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(H) Trajectory analysis of enterocytes and GCs from the mid colon (2 control and 2 av-villin
mice were combined). Plots show cell subsets colored by cluster identify as in (F) (top), by
median position in the crypt-lumen axis (middle), and by relative abundance in av-villin versus
controls (bottom). (1) Expression of indicated genes in cells plotted on unrolled and aligned axis
(colon length and crypt to lumen). (J) mRNA in situ hybridization of Agp8, Gsdmc4, Retnlb and

Duox2 in mid colon of av-villin and control mice. 10x objective, scale bar 50um.
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970  Fig. 6. Intestinal immune cell composition and DSS-colitisresponsesin av-villin mice. (A)
971 Total number of intraepithelial lymphocytes (IELs; Live/Dead CD45" cells) from WT and av-
972 villin mice. (B-G) Representative plots and frequencies of TCRaB and TCRyS IEL of CD3" T
973 cells (B), CD8aR and CD8aa IEL of CD3" T cells (C), CD103"CD69" IEL of CD8aR™ T cells
974 (D). Representative plots and frequencies of CD103"CD69" IEL of CD8aa” T cells (E),
975 CD103'CD69" IEL of TCRy§" T cells (F), CD103"CD11b  DCs of MHCII'CD11c¢* DCs (G).
976  (H) Body weight, (1) Kaplan Meier survival curve, (J) disease activity index (DAI), and (K)
977  representative colonic H&E (4X, scale 100 um) at day 14 following 2% DSS. Flow cytometry
978  data are shown as mean + SD and are representative of three independent experiments withn=5
979  (WT) and n =6 (av-villin) mice per group. Statistical significance was determined using
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980  unpaired t tests with Welch’s correction (A, D-G) or two-stage step-up FDR correction (B-C).
981  Body weight and DAI (mean + SEM) were analyzed using mixed-effects models (REML; p =
982  0.0003 and p = 0.0013, respectively). Survival was analyzed using Kaplan—Meier curves and
983  compared using the log-rank (Mantel-Cox) test (p=0.028). DAI were analyzed using a mixed-
084  effects model (REML; p = 0.0013). * =P < 0.05; ** =P < 0.01; *** =P <0.001; **** =P <

985  0.0001
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986  Fig. 7. Induction of anti-avp6 autoantibodies and responsesto DSS-colitis. (A) Serum anti-
987  human (left) and anti-mouse (right) avp6 1gG in avp6-immunized and adjuvant-only (n=8 per

988  group) mice quantified by ELISA following primary immunization and boost. (B) Inhibition of
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989  avp6-dependent adhesion to L-TGFp by serial dilutions of serum from avp6-immunized (n=6) or

990  adjuvant-only (n=4) mice. (C) Body weight following primary immunization and boost. (D)

991  Representative colonic H&E at baseline. (E, F) Representative flow cytometry plots and

992  frequencies of CD8aR™ T cells among TCRRB™ T cells (E) and CD103"CD69" T cells among

993  CDS8R" T cells (F) from IELs. (H-K) Following DSS-induced colitis, body weight (H), survival

994 (1), colon length (J), and representative H&E-stained colon sections at day 14 post-DSS (K).

995  Body weight data (mean £ SEM) were analyzed using a mixed-effects model (REML; p =

996  0.0224). Survival was analyzed using Kaplan—Meier curves and compared by the log-rank

997  (Mantel-Cox) test (p=0.22). Flow cytometry data are shown as mean + SD and are representative

998  of a single experiment (of two independent experiments) conducted with n = 4 adjuvant-only and

999  n =5 avp6-immunized mice per group. Statistical significance was determined using multiple
1000  unpaired t tests with Welch’s correction (F, H, J) or log-rank (Mantel-Cox) test (I). *P < 0.05;

1001 **p <0.01; ***P < 0.001
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Characteristic UC Cohort | HS Cohort
(n=194) (n=338)
Mean age +SD 42.8 £15 51.2 £16.8
Female (%) 47.9% 73.2%
Race
Native American 2.1% 0.3%
Asian 4.8% 5.3%
Black 1.6% 2.4%
White 83.5% 86.7%
Multiple 2.7% 4.4%
Not reported 5.3% 1.5%
Hispanic or Latino
Yes 6.9% 4.4%
No 86.7% 93.2%
Not reported 6.4% 2.4%
Mean weight in kg +SD 78.4+21.0 | 74.0+18.3
Mean BMI| +SD 26.3 5.7 26.0 5.5
UC duration in years+SD 9.5+10.1 n/a
SCCAI £SD 4.4 439 n/a
Mean C reactive protein £SD 16.3 £35.6 n/a
Medication use at draw
Glucocorticoids 24.2% n/a
Aminosalicylates 52.2% n/a
Thiopurines 12.6% n/a
Anti-TNF 18.7% n/a
Vedolizumab 6.6% n/a
Ustekinumab 0.5% n/a
Janus kinase inhibitor 4.4% n/a
None 23.6% n/a
1002  Table 1. Demographic and clinical characteristics of study cohorts. Baseline demographic
1003  and clinical features of participants included in the ulcerative colitis (UC) and healthy subject
1004  (HS) cohorts. Values are presented as mean + standard deviation (SD) for continuous variables
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1005  and percentage of participants for categorical variables. Body mass index (BMI), Simple Clinical
1006  Colitis Activity Index (SCCAI), C-reactive protein (CRP). Disease-specific variables (duration,
1007 SCCAI, CRP, and medication use at the time of blood draw) were collected for the UC cohort
1008  only and are therefore listed as not applicable (n/a) for the HS cohort. Medication categories are
1009  not mutually exclusive; percentages reflect the proportion of UC participants receiving each

1010  therapy at the time of sample collection.

1011  Supplementary Materials:

1012 Fig. S1: Serum antibody profiling and clinical associations in ulcerative colitis

1013 Fig. S2: Validation of avp6-dependent adhesion and activation of latent TGFf3

1014  Fig. S3: Differential expression and pathway enrichment analyses in TGFp-perturbed IECs
1015  Fig. S4: Representative histology and colon lengths of control and av-villin mice

1016  Fig. S5: Spatial transcriptomics of re-clustered GCs and enterocytes

1017  Fig. S5: Spatial transcriptomics of re-clustered GCs and enterocytes

1018  Fig. S6: Baseline immune cell composition in unchallenged control and av-villin mice
1019  Fig. S7: Representative H&E of tissue from immunized mice

1020  Fig. S8: *Digital unrolling’ of colon swiss rolls

1021 Fig. S9: Gating strategy for intraepithelial immune cells

1022  Table S1: Curated human intestinal epithelial marker gene sets

1023  Table S2: Flow cytometry antibodies used for mouse phenotyping

1024  Data file S1: Differential gene expression in treated T84
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1025  Data file S2 Differential gene expression in treated primary IEC

1026
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