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Abstract

Multiple genome-wide association studies have shown that the single-nucleotide polymorphism
(SNP) rs2281808 TT variant, present within the signal regulatory protein gamma (SIRPG) gene, is
associated with autoimmune diseases, such as type 1 diabetes. SIRPy is the only SIRP expressed
on T cells. The role of SIRPy in human T-cells or the effect of the TT variant are poorly
understood. In this short report, we demonstrate the rather unusual finding that this intronic SNP is
associated with a reduction of SIRPy expression on T cells, both in healthy subjects as well as
patients with type 1 diabetes. Using this information, we propose that a simple flow cytometric
detection of SIRPy could be a potential diagnostic testing approach for the presence of SNP in the
appropriate clinical context.
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1. Introduction

Signal Regulatory Protein y (SIRPy) is the only SIRP expressed by human T-cells and is
absent in rodents [1, 2]. While its function is poorly understood, SIRP+y is one of the ligands
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for CD47, expressed on antigen-presenting cells and a potential target for cancer
immunotherapy [3]. SIRPy may also be involved in trans-endothelial migration of human T-
cells [4].

rs2281808 is an intronic SNP present between exons 5 and 6 of the SIRPG gene and causes
a C/T variant. The TT variant is associated with a greater risk for autoimmunity, particularly
type 1 diabetes [5-7]. To gain a functional understanding of this SNP, we recently
demonstrated that the rs2281808 TT SNP was associated with heightened effector state in
CD8+ T-cells [8].

Interestingly, while conducting phenotypic and functional studies in the context of the CC,
CT and TT genotypes, we discovered the rather unusual finding that this intronic SNP
resulted in changed expression of the protein on the surface of both CD4+ and CD8+ T-cells.
In this short report, we evaluated whether the evaluation of protein expression by this simple
flow cytometric approach could be “diagnostic” of the CC, CT or TT genotypes.

Materials and Methods

Human Subjects

Ethics statement: All studies were approved by the University of lowa IRB according to
Declaration of Helsinki principles.

Patients and control subjects: After obtaining informed consent, 19 type 1 diabetes
(T1D) patients were recruited at the pediatric endocrinology clinics, University of lowa. De-
identified leukoreduction buffy coat samples from 145 healthy donors (HD) were obtained
from the University of lowa DeGowin Blood Center, Department of Pathology. Age range of
HD was 25-76 y (52+15) and T1D subjects was 18-29 y (20+£3).

Cell preparation and genotyping: PBMC were isolated from all the samples using
Ficoll Hypaque (GE Healthcare Biosciences, Pittsburg, PA) density gradient. The cells were
stored in liquid nitrogen until further use. An aliquot of PBMC were used to extract genomic
DNA using Qiagen mini DNA prep kit. For rs2281808 genotyping, allelic discrimination
PCR was done using TagMan assay and probes.

Flow cytometry staining for SIRPy: PBMC were stained with anti-human CD3-
Alexa700, CD4-APC, CD8-BV786 and SIRPy-PE. All the antibodies were obtained from
either BD Biosciences (San Jose, CA), or Biolegend (San Diego, CA). Following staining,
cells were washed and data was acquired on 4-Laser LSRII using FACSDiva software
(Becton Dickinson). Data were analyzed using Flow Jo (TreeStar, Ashland, OR).

Statistical analysis: Data between the groups was analyzed with 2-way ANOVA with
Tukey’s posthoc test and p<0.05 was considered significant. Chi-Square test was used to
compare the HD vs. T1D genotyping data and p<0.05 was considered significant.
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3. Results

Low SIRP+y expression is diagnostic of TT genotype in healthy subjects

PBMC samples from 145 healthy donors were subjected to rs2281808 genotyping and flow
cytometry staining to study the surface expression of SIRP+y expression on CD4 and CD8 T-
cells. As reported earlier and now confirmed in greater number of samples, this jintronic SNP
resulted in changed expression of the protein on the surface of both CD4+ and CD8+ T-cells
(Fig 1A-D). Thus, individuals with the CC genotype showed the highest expression of
SIRPvy, the CT genotype corresponded to medium-level expression, whereas the TT
genotype showed the lowest expression.

While the mean fluorescence intensity (MFI) was statistically different amongst the three
groups, both on CD4 and CD8 T-cells (Figs 1C-D), this readout was not amenable to a clean
cutoff due to overlap at the lower ends, particularly on CD8+ T-cells (Figs 1C-D). However,
we observed that the bimodal expression of this molecule on CD8+ T-cells allowed us to
quantify the percentage of cells that were positive/high vs. negative/low for this marker (Fig
1B). Specifically, looking at % SIRP-y-positive CD8+ T-cells, we observed that CC
individuals showed a mean of 74% with a 2SD interval of 45-102 and a 3SD interval of
31-117 (Fig. 1E). The CT genotype showed a mean of 61% SIRPy+CD8+ T-cells with a
2SD interval of 38-84 and a 3SD interval of 26-96. Again, while this difference between CC
and CT was statistically significant, it showed overlap between the two groups, with no clear
cutoff.

Interestingly, the TT genotype, which is associated with autoimmunity, was prominent in
having a significantly lower proportion of % SIRPy+CD8+ T-cells, with a mean of 14%, a
2SD interval of 7-22 and 3SD interval of 4-25. This allowed for a clean cutoff of 26%,
based on the lower end of 3SD interval of the CT group, where 100% of the non-TT cohorts
were above the cutoff and vice versa, as shown by the horizontal black line in Fig 1E.

Low SIRPvy expression is diagnostic of TT genotype in T1D

The rs2281808 SNP is known to be over-represented in autoimmune diseases, particularly in
type 1 diabetes (T1D). Therefore, we recruited a cohort of patients with T1D (n=19) to test
the whether this “diagnostic cutoff’ would also work in the context of autoimmune disease,
where there could potentially be a larger spread of SIRP+y expression.

As anticipated, we found a significantly higher proportion of T1D patients expressing the TT
genotype (4/19, 21%), compared to healthy subjects (6/145, 4%, p<0.05) (Fig 2A). Once
again, similar to healthy subjects, CD4 and CD8 T-cells from T1D patients also showed
statistically different levels of SIRPy expression between CC, CT and TT individuals (Fig
2B-E). While expression in CC and CT subjects was statistically different in terms of MFI
expression as well as % SIRP-y+CD8+ T-cells, the data were not amenable to a diagnostic
cutoff between these two groups due to significant overlap. However, once again, we were
able to use the cutoff for % SIRPy+CD8+ T-cells determined from 3SD intervals of healthy
subjects (26%, Fig 1E) to “diagnose” the TT genotype with 100% sensitivity and specificity,
as shown in Fig 2F.
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4. Discussion

In this Brief Communication, we present this interesting example of a simple phenotypic
assay of protein expression tightly correlating with an intronic SNP. While we are aware of
examples of certain point mutations in coding sequences being detected by changed proteins
(e.g., sickle hemoglobin) and also SNPs resulting in different isoforms, to our knowledge,
this is the first example of a SNP (especially an intronic SNP) resulting in a dramatic change
in protein expression, to the extent of potentially being used as a robust “diagnostic/
prognostic test,” in the appropriate clinical context.

Despite significant age differences between the HD and T1D groups, SIRP+y expression on
T-cells from T1D subjects with the TT genotype was significantly lower than those with CC
genotype, demonstrating that neither the younger age range nor the autoimmune disease
status of these subjects alter this association. In corroboration of this finding, we also did not
observe a correlation between age and SIRP+y expression within HD. In the same vein, we
have also observed the same tight correlation between the TT genotype and low SIRPy
expression in the setting on multiple sclerosis, a different immune-mediated disease in a
patient population with age range similar to our HD cohort (data not shown).

At this point, we are not sure how this intronic SNP causes reduction in protein expression.
It might create an alternative splice variant of SIRPG resulting in unstable RNA or loss of
protein. It has been suggested that in the thymus, this SNP is located within the predicted
enhancer [9], raising the possibility that its presence could potentially alter the transcription
of SIRPG. This can be a focus of future investigation.

In addition, the bimodal expression of this protein on CD8 T-cells (but not CD4 T-cells),
particularly in CT individuals, also suggests distinct regulatory mechanisms. While the
mechanism of this bimodal expression is not understood, it does provide the ability to create
an expression cutoff that can be used to predict the TT genotype. As shown recently [8], in
CC individuals, the vast majority (>90%) of SIRPy!®% CD8 T-cells were present in memory/
terminally-differentiated fraction and not in the naive T-cell fraction, indicating an acquired
SIRP+!°W phenotype post-antigenic exposure. However, in CT as well as TT subjects, a
significant proportion of naive CD8 T-cells show low SIRP-y expression, indicating the
genotypic influence even as these cells emerge from the thymus. It will be important to
understand the intrinsic regulation of expression in naive T-cells versus one that happens
post-antigenic response.

Our finding could also spur investigation of correlation between such SNPs and protein
expression to see if there is a broader applicability of this principle, both in the biology of
genotype-phenotype conversion and for potential diagnostic testing.
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Highlights

. This is an interesting example of a simple phenotypic assay of protein
expression tightly correlating with an intronic SNP.

. A single-nucleotide polymorphism (SNP) in the S/RPG gene (rs2281808) is
known to be associated with autoimmune disease.

. this intronic SNP (rs2281808) can be detected by a simple phenotypic flow
cytometric assay detecting the expression of the corresponding protein on T-
cells.

. The expression pattern may allow such detection to be utilized as a clinical
diagnostic/prognostic test for this polymorphism in the appropriate clinical
context.

Clin Immunol. Author manuscript; available in PMC 2020 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Sinha et al. Page 7

A. CD4

100 - 100 00 4
| CC CT T
80 80 -} 80 ] | 80 4 /
60 60 80 80
40 4 40 40
20 204 20 20
0 o o 5 T L Baan Y e - | s o - - vy -
o 10? 10? 10* 10° ° 0 10? 10? 10 10° ’ 0 10? 10° 10 10° . 0 10? 10? 10°
B. CD8
100 o 100 100 -
82% CC 8% CT 9% TT
80 80 4 80 4 {
é 60 60 - B0
E 40 40 - 40+
o]
'Q 20 201 20 4
- \
"y T i s 9 SE i 3 0 . B 5 A o
: ot 103 e 10% o 10° 10 w0t 10t o 10? 10° 0 10 10°
SIRPy
=y 5 1500 & 150 -
— 1750+ fre * + 125
o M. —
%} 1500 4 g0 i 1000 4 (1] 5100 ™ _.t'_
E::z §_‘ YT N @ 75 * e il
) o0 * E
P o e 2 0l wpiee U
g K. = B
(8] (§)
. ol I —
CIC CIT TIT cC CcT TT cc CT TT

Figure 1. Low SIRPy expression is diagnostic of TT genotype in healthy subjects.
PBMC derived from de-identified healthy blood donors were stained for CD3, CD4, CD8

and SIRP+y. Panel A shows representative examples of SIRPy expression on gated CD4+ T-
cells from subjects with a CC, CT or TT genotype, as indicated. The grey histogram depicts
isotypic control staining and the rightmost panel shows overlapping histograms from CC,
CT and TT, maintaining the same colors, showing decreasing expression of SIRPy from CC
to TT. Panel B shows similar representative examples of SIRP-y expression on gated CD8+
T-cells. The bimodal expression pattern SIRP-y expression on CD8+ T-cells allowed
quantification of % SIRP-y+ cells within CD8+ T-cells, indicated by the numbers. Panels C-
E show cumulative SIRP+y expression data from 79 CC, 60 CT and 6 TT subjects. Panels C
and D represent mean fluorescence intensity (MFI) on CD4 and CD8 T-cells, whereas Panel
E shows %SIRPy+CD8+ T-cells. The horizontal black line in Panel E represents a cutoff at
26% expression, based on 3SD interval of the CT expression data, as described in the text.
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Figure 2. Low SIRPy expression is diagnostic of TT genotype in T1D.
Panel A shows the distribution of CC, CT and TT genotypes amongst 145 healthy donors

and 19 patients with type 1 diabetes (T1D). Panels B-F are displayed in a pattern similar to
Panels A-E of Fig 1, showing SIRPy expression on CD4 and CD8 T-cells from T1D
subjects. Fig 2F uses the same cutoff (black line) of 26% from Fig 1E, showing that all T1D
subjects with the TT genotype had %SIRPy+CD8+ T-cells lower than the cutoff.
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