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FIGURE 2. Linear regression analyses in pediatric patients with UC. (A) Correlation
between serum C-reactive protein (CRP) levels and PUCAI score. (B) Correlation
between percent of IgA " plasmablasts (PBs) out of total peripheral blood lymphocytes
and Pediatric Ulcerative Colitis Activity Index (PUCALI) score. (C) Correlation between
percent of IgA" PBs out of total peripheral blood lymphocytes and CRP.
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Single trafficking receptor analysis of plasmablasts

Previous studies indicate that expression of the TR ligands MAdCAM-1 and
CCL28, and the vascular receptor P-selectin, is increased in the inflamed colon tissue of
UC patients®**’. Thus, we determined whether circulating PBs in UC patients
demonstrated an altered expression of the corresponding TRs, a4B7 and CCR10, and P-
sel lig, respectively. In addition CCR9 (a TR with particular relevance to small intestine

16.28) was examined. Since extraintestinal manifestations

homing but not colon homing
may occur in patients with IBD, we also measured the expression of the skin homing
receptor CLA®’, a carbohydrate ligand for vascular E-selectin, and the integrin a6 chain
(i.e. CD49f), whose expression is associated with homing to the skin, lung, and other
extraintestinal sites’”>'. IgA™ PBs were identified as shown in Figure 1, then TR
expression was examined using the gating strategy in Figure 3A.

Severe UC patients displayed a greater percent of a4f7"%" IgA™ PBs (69% of IgA™
PBs) in circulation than healthy donors (43%, p=0.002) and moderate patients (46%,

p=0.001) (Figure 3B). Similarly, the percent of CCR10"#" IgA" PBs was increased in
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FIGURE 3. Single trafficking receptor (TR) analysis on IgA™" plasmablasts (PBs). (A)
Representative flow cytometry dot plots of individual TR expression on PBs. Gates
represent high-TR-expressing cells. Average percent of (B) IgA" PBs and (C) IgA” PBs
with TR™€" expression of a4p7, CCR10, P-selectin ligand (P-sel lig), CCR9, CD49f, or
CLA. Student’s 7-test was performed between all UC patient groups vs. healthy, and
between the severe group vs. the mild and moderate UC groups. *p<0.05, **p<0.01,
**%p<0.001; no asterisk indicates p>0.05.
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severe UC patients (56% of IgA" PBs) compared to healthy donors (12%, p=0.0001), and
patients with mild (28%, p=0.02) and moderate (26%, p=0.003) disease. Furthermore, P-
sel lig"®" IgA" PBs were more frequent in severe UC patients (29% of IgA” PBs)
compared to healthy donors (18%, p=0.03) and patients with mild disease (15%, p=0.02).
The IgA” PBs demonstrated similar trends to the IgA" PBs for all three TRs (Figure 3C).
On average UC patients had fewer CCR9"™¢" PBs than HDs, and UC patients with
moderate disease demonstrated significantly less CCR9™#" IgA™ and IgA™ PBs (9 and 4%
respectively) than healthy donors (18 and 13%, p=0.04 and p=0.048, respectively). The

percent of CD49f"€" and CLA™®" PBs was mainly similar between groups.

Trafficking receptor expression on mucosal and non-mucosal

plasmablasts

The combinatorial expression of TRs drives cell homing to the intestines and
other sites'®. Since we observed an increase in PBs that express CCR10 and P-sel lig in
severe UC, we further investigated whether this correlated with a4p7 expression and
whether this TR expression occurred primarily on the mucosal (04p7"€") or non-mucosal
(04B7™) homing cells. IgA" and IgA” PBs from Figure 1 were segregated into a4p7™e"
and 04p7°" populations, then analyzed for the expression of other TRs as shown in
Figure 4A.

The percent of mucosal IgA” PBs with CCR10"" and P-sel lig"€" expression was
greater in severe UC patients (59% and 28% respectively) than in healthy controls (15%,

p=0.0002, and 9%, p=0.001 respectively), and patients with mild (30%, p=0.03, and 13%,
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p=0.0099) and moderate disease (29%, p=0.004, and 13%, p=0.01) (Figure 4B).
Although the percent of CCR10™€" cells was similar in the a4p7"" and a4p7"°" IgA" PB
subsets, P-sel lig had a greater percentage of expression in the non-mucosal cells. Similar
expression patterns for CCR10 and P-sel lig were observed in the mucosal and non-
mucosal IgA” PBs (Figure 4C).

The frequency of mucosal IgA” PBs with CCR9"€" expression was decreased in
moderate (16%, p=0.02) and severe (15%, p=0.002) UC patients compared to healthy
donors (36%); similar trends were observed in the IgA” PBs. The percent of CCR9""
non-mucosal PBs was low in all groups, and on average less than 5% of non-mucosal
PBs demonstrated CCR9"€" expression. The frequency of mucosal IgA™ PBs with
CD49f"€" expression was similar for healthy and UC patient groups (average range
between 12-20%). However, 04p7"°Y non-mucosal PBs with CD49f"" expression were
consistently increased (average range between 27-32%) compared to their a4p7™e"
mucosal homing counterparts.

The cellular expression of a4p7 and CLA are usually mutually exclusive, as these
TRs mediate lymphocyte homing to different sites. Therefore the percent of mucosal PBs
that were CLA™E" was very low—on average less than 6% of cells (CLA data not
shown). The frequency of CLA"E" cells among non-mucosal PBs was also low—on

average less than 10% of cells.
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FIGURE 4. Trafficking receptor (TR) analysis on mucosal (a4p7™¢") and non-mucosal
(04P7°") IgA ™" plasmablasts (PBs). (A) Representative flow cytometry plots for TR
gating strategy on PBs. From top to bottom: IgA ™" PBs are gated for a4p7"¢" expression
(upper gate) and a4p7" expression (lower gate), then individual TR expression is
examined on each of these subsets. Gates represent cells with TR"" expression of
CCRI10, P-selectin ligand, CCR9, or CD49f. Bar graphs display the average percent of
a4B7"¢" and a4p7"" (B) IgA" PBs and (C) IgA” PBs with TR"®" expression. Statistical
analyses for a4B7"¢" cells were performed between all UC patient groups vs. healthy, and
between the severe group vs. the mild and moderate UC groups. In addition, statistical
analyses were performed between a4f7"" and a4p7"" cells within groups using
Student’s #-test. *p<0.05, **p<0.01, ***p<0.001; no asterisk indicates p>0.05.
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Trafficking receptor expression on memory B cells

MBC s act as an immunological surveillance population, and their presence
reflects past antigen encounter. Since UC is a chronic disease, we predicted that TR
expression on peripheral blood MBCs may be indicative of the location of past disease
activity in UC patients. We compared the TR expression of IgA"” MBCs to their activated
counterparts, the IgA" PBs, and also compared IgA” MBC TR expression between donor
groups.

The differential TR expression on IgA” PBs and MBCs is visually demonstrated
in overlay dot plots of the two B cell populations from all severe UC patients (Figure
5A). Co-expression of a4p7 and CCR10 or P-sel lig was consistently higher on PBs than
MBCs. However, the co-expression of 047 and CCR9 or CD49f was more similar

between the cell subsets.
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FIGURE 5. Comparison of IgA" plasmablasts (PBs) and
IgA" memory B cells (MBCs). (A) Flow cytometry dot
| T plot overlays of trafficking receptor (TR) co-expression
| of 04p7 with CCR10, P-sel lig, CCR9, or CD49f on IgA"
PBs (white dots) and IgA" MBCs (black dots) from all
severe UC patients combined. (B) Single TR expression
on IgA" MBCs, showing the average percent of MBCs
with a4p7™€" expression in each donor group. Student’s
o wmp woo  sev  f-test was performed between all UC patient groups vs.
healthy, and between the severe group vs. the mild and moderate UC groups. **p<0.01;
no asterisk indicates p>0.05.
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Unlike the PBs, the frequency of CCR10™#", P-sel lig"®", CCR9"#", and CD49f"¢"
IgA" MBCs was similar in healthy donors and UC patients (p>0.05 for all comparisons;
data not shown). However in contrast to the a4p7"€" PBs, the frequency of 04p7"€" IgA”
MBCs was decreased in severe UC patients (35%) compared to healthy donors (51%,

p=0.004) (Figure 5B).

CCRO expression on B cell subsets co-expressing a4p7 and CCR10

a4p7 and CCR10 expression without CCR9 is expected to favor cell homing to
the colon, as MAdCAM-1 and CCL28 are highly expressed in the colon, whereas CCR9
and its ligand CCL25 are major determinants of lymphocyte recruitment to the small
intestine'®. Therefore we examined a4B7"%"/CCR10"¢" B cell subsets for CCR9
expression.

In general the proportion of 04p7"€"/CCR10"" PBs and MBCs expressing CCR9
decreased as the severity of UC disease intensified (Figure 6). The frequency of
a4p7"E/CCR10"E" I[gA " and IgA” PBs with CCR9 expression was decreased in the
moderate (23%, p=0.04, and 8%, p=0.03 respectively) and severe (17%, p=0.009, and
12%, p=0.04) UC disease activity groups compared to healthy donors (43 and 33%). In
addition, the percent of a4p7"¢"/CCR10"¢" [gA" MBCs expressing CCRY in severe UC

(30%) was decreased compared to healthy controls (50%, p=0.02).
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FIGURE 6. CCR9 expression on a4B7"#"/CCR10"¢" [gA™" plasmablasts (PBs), and
IgA" memory B cells (MBCs). Samples were grouped according to type of donor:
healthy donors (HD) and pediatric patients with mild UC (MILD), moderate UC (MOD),
and severe UC (SEV) disease activity. Statistical analyses within each B cell subset were
performed between healthy donors and UC patient disease activity groups using
Student’s #-test. *p<0.05; no asterisk indicates p>0.05.

DISCUSSION

B lymphocytes contribute to the immunopathology of UC®’; however, the
mechanisms controlling migration to the affected tissue in this disease is understudied.
We examined peripheral blood B cell subsets in UC patients using the rationale that their
frequency and migratory potential, reflected by their TR expression, would be altered and
therefore indicative of B cell activity in the colon. The purpose of this study was to
characterize TR expression on B cell subsets, specifically PBs, elicited in UC. We
focused our study on pediatric patients with recent onset of illness and hence with fewer

confounding effects of comorbidities and long-term medication.
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Here we showed that the average frequency of both IgA" and IgA™ PBs were
elevated in children with severe UC as compared to healthy donors and patients with mild
and moderate disease activity. Similar findings have recently been reported by Hosomi et
al.” in adult UC patients with active disease. In contrast, the percent of peripheral blood
IgA" MBCs was unaltered in patients at all disease activity levels compared to healthy
individuals—a feature that has been demonstrated in other chronic autoimmune disorders
such as pediatric SLE". Therefore the frequency of peripheral blood PBs, but not MBCs,
is a good indicator of disease severity and inflammation in UC.

As the UC disease activity increased in severity, we observed a dramatic increase
in the percent of IgA” and IgA” PBs with a4B7"¢" and CCR10™¢" or P-sel lig"®" co-
expression, supporting the hypothesis that these TRs play a role in PB migration to the
colon in UC. Of note, Hosomi et al.”* did not observe an increase in CCR10 expressing
PBs (defined as CD19"/CD20" cells) in adult UC. Since all activity levels were combined
in their study, perhaps a rise in CCR10 expressing PBs was masked by UC patients with
milder disease. Another possibility is that the relevance of CCR10 is different in adult
UC vs. pediatric UC, and this TR has greater significance during the initial onset or early
in disease.

P-sel lig, along with its corresponding receptor P-selectin, is upregulated in
immune cells and on the vascular endothelium in response to inflammation®. In this
study we observed an increased frequency of both 04p7°™ and c4p7"€" PBs expressing P-

sel lig in severe UC, further indicating the high levels of colon inflammation at this stage
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of disease and perhaps reflecting the massive migration of cells expressing P-sel lig into
the inflamed colon.

There was a trend in the mild and moderate activity groups for an increased
percent of a4B7"%" PBs but not CCR10™¢" and P-sel lig"®" cells; only patients with severe
disease activity displayed a higher frequency of CCR10™¢" and P-sel lig"®" PBs. It is
possible that UC therapeutics decrease certain TR responses, i.e., CCR10 and P-sel lig
upregulation on cells. Alternatively, high CCR10 and high P-sel lig expression may be
imprinted on PBs only at advanced stages of disease, where intensified exposure to colon
antigens has occurred due to extensive inflammation and tissue damage. Thus a rise in
the frequency of peripheral blood PBs imprinted with high CCR10 and high P-sel lig
expression may reflect a more acute manifestation of UC than does a rise in PBs with
high 047 only.

The frequency of IgA"” MBCs expressing a4f7 at high levels decreased as UC
disease activity intensified, and severe patients had a lower proportion of these cells
compared to healthy donors. a4B7"¢" MBCs may redistribute from the blood to the
intestines in response to inflammation or may be re-activated in patients during a flare in
disease activity and thus become depleted from the circulating 047 MBC pool.

We found a reduced frequency of PBs with CCR9™" expression in pediatric UC,
and moderate and severe patients had fewer PBs co-expressing a4p7 and CCR9. There is
no small intestine involvement in UC, a disease that solely affects the colon; therefore no
upregulation in CCR9, which preferentially targets lymphocytes to the small intestine,

was expected. In severe UC patients, there was also a decrease in the percent of
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a4p7"e"/CCR10"E" PBs and MBCs that express CCR9, which indicates these patients
have increased levels of PBs that may preferentially migrate to the colon vs. the small
intestine™.

Extraintestinal manifestations may occur in pediatric IBD, and some patients
develop pathologies of the skin, liver and other complications’**>. The proportion of
cells that expressed CLA, a trafficking molecule associated with skin homing, was low
on both PBs and MBCs. However, only one of the pediatric UC patients in this study
developed a skin pathology, which may explain the low frequency of cells expressing this
molecule.

While the role of the integrin receptor CD49f (i.e. a6) in UC is not well
documented, B cells in the colon of UC patients, but not in the colon of Crohn’s or non-
IBD patients, were found to express this receptor'®. In our study the frequency of B cells
expressing CD49f was unaltered in UC, and the expression of the receptor was more

7% cells, supporting the idea that CD49f is not associated with gut-

prominent on o4
homing lymphocytes®®. Our results indicate that CD49f plays a minimal role in B cell
trafficking in pediatric UC.

In conclusion, our study demonstrates an increase in the frequency of IgA " and
IgA™ PBs in the peripheral blood of severe UC patients. PB frequency positively
correlates with UC disease severity and inflammation, indicating circulating PB subsets
as a good indicator of disease activity in pediatric UC. In addition, circulating IgA™" PBs

with a4Bp7"¢"/CCR10"€"/P-sel lig"e" expression are elevated in pediatric UC patients with

severe disease. In combination these trafficking receptors likely facilitate PB homing to
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the inflamed colonic tissue. Thus, this cell subset may provide a therapeutic target for the
treatment of UC, and the surveillance of circulating PBs and their associated TR
expression may potentially be used as a non-invasive, complementary approach to

monitor disease activity or therapeutic efficacy in children with this disease.
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Conclusions

Ulcerative colitis (UC) is a serious and life altering disorder for which an
effective therapeutic regimen can be difficult to establish. In this work we utilized
multicolor flow cytometry analysis to determine the relationship between the frequency
of circulating plasmablasts (PBs) and their associated trafficking receptors (TRs) with the
severity of disease in the colon in pediatric UC patients. We show here that the percent
of peripheral blood PBs with a4f7"€"/CCR10""/P-sel lig"®" expression are indicative of
the severity of disease and location of pathology in pediatric UC.

Our work suggests that circulating PB subsets may provide a useful parameter to
monitor in the evaluation of pediatric UC patients' progression of disease and response to
treatment. Our complementary approach would provide both a relatively non-invasive
and specific method for monitoring the immune system in these patients. The PB subsets
and TRs we have indicated here may also provide a therapeutic target for the treatment of
UC.

Future Directions

To further investigate the significance of PBs and their associated TR expression
in Inflammatory Bowel Disease (IBD), we plan to expand our research in the following
directions:

1. We will expand the panel of TRs examined on PBs to include additional
trafficking molecules with relevance in inflammation—for instance the chemokine
receptors CXCR3 and CXCR4.

2. We will examine circulating PB subsets in pediatric Crohn's Disease (CD)
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patients. The study of CD will contribute to a greater understanding of TR expression in
IBD because patients with CD can experience lesion pathology all throughout the
gastrointestinal (GI) tract. For instance, patients may experience lesions in one or many
locations, i.e. the large bowel, the small bowel, the upper gastrointestinal tract, or a
combination of these. We will compare the TR phenotype of PBs in UC to those in CD
patients that demonstrate only colon involvement. We predict that this comparison will
have either of two outcomes: TR expression may be the same since the location of tissue
involvement is identical in both circumstances, or different TRs may be involved in CD
since the appearance of lesions is distinct from that in UC.

3. Although not an IBD, we plan to investigate TR expression on PBs in celiac
disease—a GI disorder characterized by localized inflammation/lesions in the small
bowel due to gluten protein intolerance. We will compare the TR phenotype of PBs in
celiac disease to those in CD patients with small bowel involvement, again to determine
if TR expression is the same if the location of tissue involvement is identical, or if
different TRs are involved in the two diseases because the appearance of lesions is
distinct.

Ultimately, through the comparison of TR expression on PBs in UC, CD, and
celiac disease, we aim to develop (or would like to determine if it is possible to develop)
a multicolor flow cytometry analysis of TRs that would enable us to distinguish between

disease activity and location of pathology in these three inflammatory disorders.
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