











FIGURE 3.  Frequency of iNKT cell populations. (A-C) Representative flow
cytometry comparison of CD8 iNKT population (D-F) and CD8" iNKT between active
patients (n=9), non-active patients (n=7) and HDs (n=7).
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FIGURE 3. Continued. (G) Percentage of peripheral blood CD8 iNKT (H) and CD8"
iNKT cells in HDs, non-active and active state patients. (I) Percentage of circulating
CDS8 and (J) CD8" iNKT cells in HD patients with UC (n=7), CD (n=7) and celiac
disease (n=2). * p<0.05, ** p<0.005; t-test, ND indicates no data.
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FIGURE 3.  Continued. (K) Percentage of CD8 iNKT cells in HD (n=7) and non-
active patients (n=7) (L) and active patients (n=9). (M) Percentage of CD8" iNKT cells
in HD (n=7) and non-active patients (n=7) (IN) and active patients (n=9). * p<0.05, **
p<0.005; t-test, ND indicates no data.

We then asked if there was a specific alteration in the percentages of iNKT cells
in patients with UC, CD, or Celiac disease. To test that, we analyzed the patient samples
according to the diagnosed disease and pooled them together regardless of disease
activity (score). Interestingly, there was a significant increase in the frequency of both
circulating iNKT subsets in patients with all three diseases compared to HDs. The CD§"
population of iNKT cells was slightly higher in UC patients (1.1% p=0.02) compared to
HDs (0.09%); CD (0.54% p=0.01) and celiac disease (0.4% p=0.02) were not as high as

UC (Fig. 31). Although significantly higher than HDs (0.2%), the increase in CD8" iNKT
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population between UC (2.1% p=0.01), CD (1.7% p=0.04), and celiac disease (2.05%
p=0.03) did not vary significantly (Fig. 3J).

To test if the iNKT population varies within each disease in respect to the disease
status (score), we compared the percent of circulating CD8 and CD8" iNKT cells in the
patients with non-active and active disease states specifically in UC, CD, and celiac
disease (no non-active celiac). The frequency of CD8 iNKT cells in non-active UC
(1.1% p=0.04) and CD (0.63% p=0.03) were significantly higher compared to HDs
(0.09%)(Fig. 3K). Similarly compared to HDs, the percent of CD8" iNKT cells was
increased in active CD (0.4% p=0.003) and active celiac disease (0.4% p=0.005) patients
(Fig. 3L). Although less prominent, the percentage of CD8" iNKT cell population
increased in non-active UC (1.9% p=0.03) and non-active CD (1.4% p=0.02) compared
to HD’s (0.2%)(Fig. 3M), as well as for active CD (2.1% p=0.002) and celiac disease
(2.1% p=0.04) (Fig. 3N). Interestingly, the CD patient data showed a marginally higher
percentage in non-active patients where the opposite was observed in the CD8 iNKT
population, reiterating the suggestion of a difference in the roles between these two iNKT
subsets.

Expression of trafficking receptors on the surface of subsets of iNKT cell populations
Next we analyzed the surface expression of trafficking receptors (TRs) on both iNKT
populations to determine if there is a mechanism of cell migration of these subsets to the
intestine. We compared surface expression of the gut-homing TR a4f7, the novel large-
intestine TR GPR15, as well as the extraintestinal cutaneous lymphocyte antigen (CLA)

on CD8 and CD8" iNKT cells. Our aim was to detect any differential TR expression in
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respect to disease type and disease severity. Figures 4A-H present the gating strategies
applied to each of the TRs.
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FIGURE 4.  Single Molecule TR Analysis on iNKT cell populations. Representative
flow cytometry gating of single TRs (sample 9 in Table 1). (A) Single TRs were gated
on brightest positive population from both CD3'CD8" (E) and CD3'CDS8" iNKT subsets
on non-active patients, active patients, and HDs. Single TR of interest is in upper left
quadrant of contour plots for (B, F) a4p7, (C, G) CLA and (D, H) GPR15.
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FIGURE 4.  Continued. Single TR expression was analyzed for pooled groups of HDs,
non-active Patients, and active patients on both iNKT subsets for (I, J) a4p7, (K, L) CLA
and (M, N) GPR15.

** p<0.005, *** p<0.0005; t-test., ND means no data.
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Continued. The single TR expression for a4p7 was further analyzed by
disease and state on (O, P) CD3'CDS8 and (Q, R) CD3'CD8" iNKT cells.
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FIGURE 4.  Continued. The single TR expression for GPR15 was also analyzed by
disease and state on (S, T) CD3"CD8 and (U, V) CD3"CDS8" iNKT cells.
** p<0.005, *** p<0.0005; t-test., ND means no data.

All patients were pooled and grouped into non-active or active state of disease
according to their score regardless of disease type and compared to HDs. We observed
an approximate 4-fold increase in the frequency of CD8" iNKT cells that expressed TR

a4p7 on both non-active (43.2% p=0.001) and active (47.3% p=0.001) patients compared

to HDs (11.6%)(Fig. 41). There were no significant alterations in the frequency of the
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CD8" iNKT population that express a4p7 between the various disease stages and HDs
(Fig. 4)). No significant changes were observed in non-active or active patient
frequencies for both CD8 iNKT and CD8" iNKT cells expressing GPR15 and CLA
compared to HDs (Fig. 4K—N).

In order to determine if there were any disease specific TR alterations, we
analyzed the single expression of 047 and GPR15 on both iNKT subsets in patients with
each disease and activity state. We saw a significant increase in the percentage of a4p7
expressing CD8 iNKT cells in non-active UC (41.1% p=0.008), non-active CD (46.8%
p=0.001) compared to HDs (11.6%) (Fig. 40), as well as active CD (54.9% p=0.003),
and active celiac (37.7% p=0.03) patients compared to HD’s (Fig. 4P). No significant
increase in the a4B7 expressing CD8" iNKT population was observed in all respective
samples (Fig. 4Q and 4R).

GPRI15 expressing CD8™ iNKT cells only increased (34.6% n=1) in active UC
compared to HDs (14.4%)(Fig. 4T). Surprisingly, HDs had a relatively high percentage
of GPR15 expressing CD8" iNKT cells (47.5%). The percentages of these cells
decreased in both non-active UC (13.9% p=0.006) (Fig. 4U) and active UC (23.7% n=1)
when compared to HDs (Fig. 4V).

Frequency of double positive iNKT subsets expressing a4f7, CLA, or GPR15

We next wanted to distinguish the migratory fate of various iNKT cells by analyzing the
expression of a4f7" iINKT cells against those that migrate to the skin, CLA" iNKT cells,
by analyzing the simultaneous expression of GPR15.

We gated for CD8™ and CD8" iNKT cells and recorded the frequency of cells that

expressed both 047 and GPR15 to determine if these populations had a gut-homing
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migration specific to the large intestine (Fig. 5B and 5E). We compared and contrasted
the mutually expressing 047 and GPR15 iNKT populations to those that expressed CLA
and GPR15. A CLA" GPR15" phenotype may be reflective of cell migration toward

extraintestinal regions like the skin (Fig. 5C and 5F).
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FIGURE 5.  Double positive TR analysis on iNKT cell populations. Flow cytometry
plots (sample 9 in Table 1) showing (A) CD3'CD8 iNKT subset and (B) its contour plot
for a4B7 and GPR15 double positive population as well as (C) contour plot for CLA and
GPR15 double positive population. Similar gating strategy of (D) CD3'CD8" iNKT cells
(E) for 04p7 and GPR15 double positive population and (F) for CLA and GPR15 double
positive population.
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Continued. Further analysis of 047 and GPR15 double positive
populations on (K, L) CD3"CD8 and (M, N) CD3"CD8" iNKT cells by disease and

* p<0.05 ** p<0.005; t-test, ND means no data.

Again, all patients were pooled and grouped into non-active and active states of

disease regardless of the disease type. There was a higher percentage of CD8 iNKT cells

expressing both the 047 and GPR15 in active patients (11.1%) compared to non-active

(1.6%, p=0.002) patients and HDs (2.2%, p=0.02) (Fig. 5G). However, there was no
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significant increase in the respective CD8" iNKT population (Fig. SH). In contrast, 25%
percent of the CD8" iNKT cells in active patients expressed both CLA and GPR135,
which was increased approximately 3.7-fold compared to non-active patients (6.8%
p=0.03) (Fig. 5J) but, no significant differences were revealed in the frequency of CD§"
iNKT cells which expressed CLA and GPR15 among all disease groups and HDs (Fig.
5D).

We next recorded the frequency of the iNKT population expressing both a4p7
and GPR15 on patients grouped according to their disease and severity. Although
additional patients are required to gain statistical confidence, our data showed that the
frequency of a4p7” GPR15" expressing CD8 iNKT cells may be higher in active UC
patients (13% n=1) compared to HDs (2.3%)(Fig. 5L). Our current data did not show a
significant alteration in the percentage of 4 7" GPRI15" expressing CD8" iNKT cells
(Fig. SM and 5N), or CLA" GPR15" expressing CD8 or CD8" iNKT cells (data not
shown).

Our data suggests a role for CD8 iNKT cells expressing a437 and GPR15 to
traffic to the gut and perhaps specifically the large intestine during active disease state.
The frequency of CD8" iNKT cells expressing CLA and GPR15 rose as well in active
patients with chronic intestinal disease and the significance of that should be further

studied.

Discussion

Circulating iNKT cells are increasingly recognized to be critical immunoregulators in
patients with diseases that cause chronic inflammation due to their shared NK and T

helper cell abilities to secrete pro and inflammatory cytokines (34). The identification of
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specific subsets of iNKT cells responding at various disease stages and the mechanisms
of migration toward affected tissues are understudied. In this study, we characterized the
frequency and TR phenotype of different subsets of a rare circulating T cell population
during chronic intestinal inflammation. We focused on pediatric patients with a recent
onset of IBD and celiac disease because these patients are less likely to be affected by
other comorbidities and long-term medication use. We hypothesized that the frequency
and TR expression of iNKT subsets would be altered in patients compared to healthy
donors.

We studied two iNKT cell subsets, CD8 and CD8" iNKT cells. Our results
showed that the frequency of both the CD8 and CD8" iNKT cell subsets was increased in
all pediatric patients with chronic inflammation with both non-active and active disease
states compared to HDs. This suggests that both iNKT subsets can reflect on a chronic
disease which is not necessarily in an active state.

However, only CD8 iNKT cells displayed an intestinal phenotype, as detected by
the expression of a4fB7, in all disease types, regardless of the disease severity.
Furthermore, only CD8" iNKT cells showed a large intestine phenotype, as detected by
the expression of both 047 and GPR15, and only in the active UC patient, suggesting
that this subset can be an indicator of current inflammation in the large intestine.’

These results imply that only the CD8 iNKT subset is reflective of intestinal
inflammation and that GPR15 in conjunction with a4f37 is a favorable phenotype to
detect current inflammation in the large intestine. In addition, characterizing markers of
the small intestine, such as CCR9, in conjunction with a47 on CD8" iNKT cells may

detect inflammation in the small intestine. This phenotype may be useful in detecting

5 Additional patients must be acquired to fully confirm this statement.
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small intestine associated inflammation as expected in CD and celiac disease. Also,
additional analyses would be required to verify if the CD8 iNKT cell population
increases during acute inflammation of the gut.

It is possible that the frequency of CD8" iNKT cells that rise during chronic
diseases but do not acquire an intestinal phenotype may be a general marker for chronic
disease but not necessarily indicative to intestinal chronic inflammation. However, the
rise in this subset that expressed both CLA and GPR15 suggests that this subset reflects
extraintestinal inflammation.

Earlier work showed a decrease in circulating iNKT cells in adult celiac disease
patients (55). However, insights gained by murine models about the crosstalk between
microbiota and PB iNKT cells (40) showed that mice with altered early exposure to
microbiota had an increase of circulating and mucosal iNKT cells compared to wild types
and were more susceptible to severe colitis. It is possible that Grose’s work was an
observation of acute immune response while more recent work and this study focused on
chronic inflammation of specified disease state. Another explanation for Grose’s
contrasting results may be that in his 23 adult samples, the iNKT cells were more
deficient solely because iNKT cells decrease with age and may also become more
deficient as a result (56). More samples must be collected to confirm the statistical
significance and the moderate changes in iNKT frequency of our study.

In conclusion, our study demonstrated a significant increase in the frequency of
two specific iNKT subsets, CD8" and CDS$’, in the peripheral blood of patients with IBD
and celiac disease at non-active and active disease states compared to HDs. Furthermore,

we determined that based on TR expression of 047 and GPR15, CD8 iNKT cells may
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have significant migration to the large intestine during intestinal disease that is not
observed in CD8" iNKT cells. We suspect that this CD8™ iNKT migration to the large
intestine is specific to UC patients; however, more samples are needed to confirm.
Lastly, our data suggested that GPR15 in conjunction with CLA has extraintestinal
migratory potential in humans that was not previously observed in mice due to the
expression of CLA and GPR15 double positive populations in both iNKT subsets.
Currently, our analysis may be used to define chronic intestinal inflammation in IBD and
celiac disease patients. Further detailed characterization of specific subsets of iNKT cells

may provide valuable tools to distinguish diseases and develop treatments.
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CHAPTER III: FUTURE EXPLORATIONS

Further characterization of these cell subsets and their TR phenotypes may provide a
more efficient form of distinguishing between UC, CD and celiac disease and may
potentially be used as a complementary approach to monitoring disease activity or
therapeutic efficacy in pediatric patients.

Continued study of these cell subsets would include gathering more patient
samples of each disease, especially celiac disease. Further, we would require observing
samples from patients that are experiencing acute inflammation rather than a chronic
disease state in order to verify the role of the iNKT cell subsets.

It would be imperative to look at TR markers for different regions of the intestine
affected by these conditions, such as CCR9 for small intestine and CCR10 for colon.
Moreover, to verify if iINKT subsets are mimicking the immune response of T helper
cells, research including markers for Th1l, Th2 and Th17 must be added to the flow
cytometry analysis. This could include the addition of specific transcription factors such
as RORYt, T-bet and GATA as well as relevant cytokines like IL-17, [IFN-Y" and IL-4,
respectively.

Current flow cytometry technology has provided researchers the ability to observe
many markers in one tube of blood, allowing for a more detailed characterization with a
smaller starting sample. This work would benefit tremendously from the use of machines
such as Cytof, which uses weighted isotopes and allows researchers up to 30 markers in
one tube (23). Full characterization of rare subsets such as iNKT cells will be more

comprehensive with continued application of these technologies.
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