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Background: Fcy-receptors play an important role in the immune responses.
Results: We show that upon activation by immune complexes peripheral CD4" T-lymphocytes express FcyRIIIa and produce

a subset that express high levels of IFN-v.

Conclusion: We describe for the first time a role for FcyRIlIa in CD4 " T-cell differentiation.
Significance: This CD4 " FcyRIIIa" IFN-y"#" subset will be critical in understanding the underlying autoimmune pathologies.

Whether or not CD4* T-cells express low affinity receptor
FcyRIIIa (CD16a) in disease pathology has not been examined
in great detail. In this study, we show that a subset of activated
CD4% T-cells in humans express FcyRIIla. The ligation of
FcyRIlla by immune complexes (ICs) in human CD4* T-cells
produced co-stimulatory signal like CD28 that triggered IFN-y
production. The induced expression of FcyRIlla on CD4%*
helper T-cells is an important finding since these receptors via
ITAM contribute to intracellular signaling. The induced expres-
sion of FcyRIlla on CD4" T helper cells and their ability to
co-stimulate T-cell activation are important and novel findings
that may reveal new pathways to regulate adaptive immune
responses during inflammation and in autoimmunity.

Fc receptors (FcRs)? play a central role in the pathogenesis of
autoimmunity (1-3). FcRs are critical for both afferent and
efferent phases of the immune response. These receptor pro-
teins are widely expressed as pairs of activating and inhibitory
receptors on monocytes, macrophages, neutrophils, eosino-
phils, natural killer (NK)-cells, dendritic cells, B cells, and mast
cells (4). By engaging ICs, they trigger cell specific function via
immunoreceptor tyrosine-based activation motif (ITAM)
and/or inhibitory motif (ITIM) (1, 5). FcRs determine the func-
tional outcome of immune cells by maintaining a balance of
both activation and inhibitory signals (6). FcRs play a critical
role in the phagocytosis, B cell activation, and cytokine release
(7, 8). Polymorphic forms of FcRs that show low affinity for IC
binding predispose for the development of systemic lupus ery-
thematosus (SLE). Elevated levels of ICs are present in multiple
disease conditions and contribute to the disease pathology by
engaging FcyRIIla on multiple cell types. These receptors are
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also targets for therapeutic interventions (9, 10). For example,
FcRs are implicated in the anti-inflammatory response
observed with intravenous immunoglobulin (IVIG) therapy
(11,12).

FcyRIIla expression was observed in a small number of
peripheral T-cells in healthy individuals in earlier studies (13,
14). Another study showed that IgM binding T-cells provided
helper function, while IgG binding cells provided suppressor
function (15). Two previous studies also emphasized an immu-
noregulatory role for FcR bearing T-cells during B cell-medi-
ated immune responses (16, 17). FcR common <y-chain (FcR-y)
is the ITAM bearing signaling unit of FceRI, FcyRI, and
FcyRlIlIa (7). This protein independently supported the com-
plete development of peripheral T-cells in mice lacking the
{-chain of the T-cell receptor (TCR) (18 —20). In T-cells, FcR-y
chain form heterodimer with {-chain in the TCR complex.
FcyRIIla can signal using ¢-{ chain, -y chain homodimers, or
{-y chain heterodimer. These studies suggest a role for FcR-y
chain in T-cell physiology. Contrary to these reports, several
reviews, including some recent, have emphasized the absence
of FcRs on CD4™ T lymphocytes (4, 9, 10).

Establishing the presence and the conditions under which
FcyRIIla appears in CD4™ T-cells is important for understand-
ing the role these receptors can play in T-cell-mediated patho-
logical events. In these studies, we used multiple approaches to
establish the presence of FcyRIII receptors on activated human
CD4™" T-cells. We characterized the presence of both FcyRIIla
and FcyRIIIb on activated CD4" T-cells. The presence of
FcyRIIIa was observed both at the RNA transcript level and as a
protein expressed on the cell membrane. IFN-vy is one of the
most important endogenous mediators of immunity and
inflammation. IFN- is also critical in limiting the inflamma-
tion associated tissue damage and modulate T helper cell dif-
ferentiation. We demonstrate a role for FcyRIlIla in the produc-
tion of IFN-y by CD4" T-cells. We further demonstrate the
enhanced binding of labeled ICs in two mice disease models.

EXPERIMENTAL PROCEDURES

Subjects—Heparinized blood was collected from normal sub-
jects and systemic lupus erythematosus (SLE) patients with
informed consent at the Saint Louis University Division of
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Rheumatology outpatient clinic. The SLE patients fulfilled 1982
revised criteria for diagnosis (21).

Cell Lines—Cell lines: Jurkat, an acute T-cell leukemia (TIB-
152); P116, an acute T cell leukemia a ZAP-70 mutant (CRL-
2676); Daudi, Burkit’s lymphoma (CCL-213), and THP-1 acute
monocytic leukemia (TIB-202) were obtained from ATCC.

Mice—The C57BL/6 mice were obtained from Jackson labs
and maintained in disease free conditions at the animal facility
of Saint Louis University. K/BxN mice (a mouse model for
inflammatory arthritis) and TxA23 mice (an autoimmune gas-
tritis model) were also housed in the same facility (22, 23).

Abs and Reagents—Antibodies against FcyRI/CD64 (antigen
affinity-purified polyclonal, AF1257), FcyRIIIb/CD16b (anti-
gen affinity-purified polyclonal, AF1597) and monoclonal anti-
FcyRIIIa/b (CD16a/b) (MAB2546, clone 245536) were from
R&D systems. A second anti-FcyRIII-PE (Clone 3G8) antibody
that recognizes FcyRIII (CD16) was from eBioscience. Both of
these monoclonal antibodies do not differentiate between
FcyRIlla and FcyRIIIb. The anti-CD4-PerCP Cy5.5 (clone
RPA-T4), anti-IFN-y-APC (clone 4S.B3), anti-T-bet-PE (clone
eBio4B10), anti-CD3 (clone OKT-3), and anti-CD28 (clone CD28.2)
were also procured from eBloscience. Other common reagents,
N-glycanase, custom primers, and cell culture reagents were
obtained from IDT, Invitrogen, and Sigma chemicals. The
reagents to purify the CD4" human naive T-cells were procured
from Miltenyi Biotec (Germany).

Preparation of CD4™" T-cells and Monocytes—Human PBMC
were isolated from 20 ml of heparinized blood using histopaque
post 4 h of blood collection (Sigma Chemicals). RBCs were
removed using lysis buffer (eBiosciences) and monocytes using
a gradient of Nyco-prep (Aldrich). Cells were then plated over-
night in Nunc culture dish with 10-cm diameter. The next day
these cells were washed with phosphate-buffered saline (PBS)/
EDTA and naive CD4" T-cells were isolated using kit from
Miltenyi Biotec (Germany). These cells were 93 to 96% pure
based on CD4"CD45RA™ flow staining. The plate bound cells
were washed three times with PBS and used to prepare lysates.
More than 85% of these cells were CD14". Mouse cells were
obtained from spleens or lymph nodes. Mouse CD4" T-cells
were flow sorted.

Cell Propagation and Expansion—Purified 1 X 10°/ml,
CD4"CD45RA™ cells were maintained for 72 h in IL-2 (20
units) and thereafter activated in 96-well Nunc plates coated
O/N at 4 °C with anti-CD3 (clone OKT3) at 0.5 pg/ml and
anti-CD28 (clone CD28.2) at 1 ug/ml. Alternately, cells were
treated with anti-CD3 (0.5 ug/ml) and ICs purified from pooled
plasma (10 ug/ml) and C5b-9 (2.5 ug/ml) (24). All activations
were carried out for 2 h in plain medium and terminated with
complete medium. Cells were then cultured in complete RPMI
medium with 10% FBS supplemented with 20 U of IL-2 for 8 days
before IC binding analysis. For mouse studies, cells were obtained
from spleen and lymph nodes and analyzed the same day.

Preparation of Aggregated Human vy-Globulin, ICs, and
Labels—Aggregated human vy-globulin (AHG) was prepared as
previously described (25). Purified y-globulin at 10 mg/ml in
PBS was aggregated by heating at 63 °C for 30 min. The solution
was centrifuged at 10,000 X g for 30 min, and the collected
supernatant was re-centrifuged at 105,000 X g for 90 min.
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Thereafter, pellet was re-solubilized in PBS and centrifuged
again at 10,000 X g. The supernatant fraction was collected,
aliquoted, and frozen at —70 °C. The ICs were purified from
patient plasma using an affinity matrix as described previously
(26, 27). These purified ICs were previously compared with
AHG and in vitro formed ova-anti-ovalbumin ICs in T cell acti-
vation assays (24). The protein content was measured using a
micro BCA kit (Pierce Chemicals). The purified ICs or AHG
were labeled with Alexa Fluor® 488 carboxylic acid, 2,3,5,6-
tetrafluorophenyl ester as per the manufacturer’s recommen-
dation (Molecular Probes). The 14.04 um dye/mg protein con-
jugates were obtained and used for flow and cell staining.

AHG and IC Binding Analysis of Peripheral of CD4™" T-cells—
For binding analysis, cells from individual human subject or
cells pooled from three animals at a density of 1 X 10° cells were
used. For flow analysis, cells were stained with Alexa Fluor
labeled protein using 2 ug of total protein for staining 10° cells
at room temperature for 30 min. After staining, cells were fixed
using fixation buffer (eBioscience) for 30 min, and data were
acquired in LSRII flow cytometer (BD Biosciences). We used
0.5 to 5 pug of AHG-Alexa Fluor 488 for titration of AHG bind-
ing. For competitive inhibition of AHG binding, the cells were
pretreated with various amounts of anti-FcyRIIla/b monoclo-
nal antibody (R& D Systems, clone 245536, Product MAB2546)
ranging from 0.5 to 20 pg for 1 h at room temperature and
thereafter labeled using 2.5 ug of labeled AHG, 30 min at room
temperature. Isotype mouse Ig2a was used as control for inhi-
bition studies. Same conditions were used for inhibition with
anti-FcyRL, an affinity purified polyclonal (R&D Systems, Prod-
uct AF1257); anti-FcyRIIIb, an affinity-purified polyclonal
(R&D Systems, Product AF1597) and goat F(ab), as control. For
surface staining of FcyRIII, we also used anti-CD16-PE conju-
gate (clone 3G8) as per manufacturer recommendation (Invit-
rogen, Product MHCD1604). For other surface markers the
antibody conjugates with appropriate dyes were used per the
manufacturer’s recommendation. Data analysis was carried out
using Flow]Jo software.

Cell Staining using FcyRIlla/b and FcyRIIIb Antibodies—A
total of 0.5 X 10° cells were washed with cold PBS, afterward
fixed in 3% formaldehyde for 15 min at room temperature.
Fixed cells were then permeabilized using 95% methanol for 30
min on ice and 10 min at —20 °C. After washing, blocking was
performed with 1% BSA and 2.5% species-specific serum
diluted in PBS at room temperature for 1 h. These cells were
then incubated with primary antibody at a dilution of 1:100 for
1 h at room temperature. For co-staining, a monoclonal anti-
body recognizing the FcyRIIla/b (Clone 245536) and a poly-
clonal FcyRIIIb (R&D Systems, Product AF1597) were used.
Subsequently cells were incubated with anti-mouse Alexa®
Fluor 405 and anti-goat Alexa® Fluor 594 secondary antibodies
at a dilution of 1:200 at room temperature for 1 h. Co-localiza-
tion was carried out using Olympus FV-1000 software. Cells
were examined at 400 and 630X magnification in fluorescent
(Leica, DM400B) or confocal microscope (Olympus, FV-1000).
Percentages of positive cells were calculated in two fields in
three independent experiments.

Immunoblotting—Four million non-activated or activated
CD4™ T-cells and THP-1 cells were washed with PBS and lysed
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in 0.5 ml of RIPA buffer (Tris-HCl: 50 mm, pH7.5; Nonidet
P-40: 1%; Na-deoxycholate: 0.25%; NaCl: 150 mm; EDTA: 1 myv;
PMSEF: 1 mmM, and protease inhibitors pepstatatin, leupeptin,
aprotinin: 1 ug/ml each). Thereafter, proteins were precipi-
tated with 0.1 ug of monoclonal antibodies overnight at 4 °C.
The antibody-bound proteins were captured with 50 ul of Pro-
tein G beads. Beads were washed three times with RIPA buffer
and SDS-PAGE loading buffer was added to the beads. Proteins
were electrophoresed on 4—12% SDS-PAGE and Western blot-
ting was performed using polyclonal anti-FcyRIII antibody
(Product sc-19357, Santa Cruz Biotechnology and AF1257
R&D Systems). After reduction with 50 mm DTT, alkylation
was carried out with 125 mm iodoactamide for 1 h at room
temperature. For N-glycanase digestion, beads with IPs
obtained using clone 3GS8, anti-FcyRIIl antibody were sus-
pended in 25 ul of 0.2 M Tris-HCI buffer, pH 8.0, containing
05% SDS, 50 mm 2-mercaptoethanol and heated for 3 min at
100 °C. Thereafter, 25 ul of 0.2 M Tris-HCI buffer containing 2
mM EDTA and 0.03% PMSF was added. The mixture then
received 5 ul of 7.5% Nonidet P-40. The mixture was incubated
overnight at 37 °C with 1 unit of N-glycanase (Sigma) and ana-
lyzed in Western blotting. For analysis of FcyRIII in protein
lysates, 5 ug of protein in non-denaturing condition was elec-
trophoresed and analyzed in Western blotting experiment.

RT-PCR for FCGR3 and DNA Sequencing—Total RNA was
isolated from the cells using the total RNA isolation kit (Agilent
Technologies). The cDNA was synthesized with high capacity
c¢DNA synthesis kit (Applied Biosystems). Primers were
designed based on the gene ID NM_001127596.1 (FCGR3A).
The forward TCAAATGTTTGTCTTCACAG and reverse
ATTCACCTGAGGTGTCACAG primer covering 504 to 831
nucleotide of FCGR3A, a 330-nucleotide length product cover-
ing exons 4 and 5 were used in the first PCR. The PCR product
was purified from the agarose gel slice using Purelink gel extrac-
tion kit (Invitrogen). The 330-nucleotide PCR product was
used as a template to re-amplify this product with M13-FCGR3
hybrid primers forward primer TGTAAAACGACGGCC-
AGTCAAATGTTTGTCTTCACAG and reverse primer
AGGAAACAGCTATGACCATATTCACGTGAGGTGTCA-
CAG. The PCR product obtained was used to sequence both
strands using M13 forward primer TGTAAAACGACGGC-
CAGT and reverse AGGAAACAGCTATGACCAT in auto-
mated sequencers using big dye. The sequence was aligned
using BLAST at NCBI site.

qRT-PCR—For qRT-PCR studies, the gene expression assays
were procured from IDT for FCGR3A (Hs.PT.49a.15478614.g),
Tbx21 (Hs.PT.5820216516), and ifing (Hs.PT.58.3781960). GAPDH
(Hs.PT.39a.22214836) was used as an endogenous control. The
FCGR3A gene is designed based on FCGR3A gene variant and was
purchased from Integrated DNA technologies (IDT). All other
assays were also obtained from IDT. The qRT-PCR was performed
using StepOne PCR machine with Fast RT-PCR mix (Applied Bio-
systems). Cells were maintained in complete medium with IL-2
(20 IU) for 3 days before activation. Activated cells were harvested
at various time points for transcript analysis.

Cell Stimulation and IFN-vy Staining—For IEN-vy production,
post activation as described earlier, cells were maintained in the
presence of IL-2 (20 IU), and IL-12 (50 ng) (Peprotech) for each
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ml of complete medium. On day 8, cells were harvested and
stained for CD4, IFN-v, and T-bet. For intracellular cytokine
staining, cells were stimulated with 1 ug/ml PMA and 2.5
pg/mlionomycin for 4 h. Brefeldin 5 ug/ml (GolgiPlus BD) was
added after 1 h of PMA/ionomycin stimulation. Cells were col-
lected for staining post 3 h of addition of Brefeldin. After cell
surface staining with anti-CD4, the intracellular staining for
IFN-vy and T-bet was performed after fixation and permeabili-
zation (fixation/permeabilization buffer, eBioscience), accord-
ing to the manufacturer’s suggested protocol.

RESULTS

Activated Peripheral Naive CD4" T-cells Bind to Labeled
AHG and ICs—ICs are natural ligand for low affinity FcRs. To
confirm the presence of FcyRIlla on CD4" T-cells, we first
analyzed the binding of Alexa-Fluor®-488 labeled aggregated
human y-globulin (AHG), a model IC, and labeled ICs purified
from SLE plasma, to the activated peripheral naive CD4~"
T-cells. A donor analyzed in flow analysis for the binding of
labeled ICs showed a 3-fold increase in IC binding to CD4™"
T-cells, that were treated with anti-CD3+anti-CD28 (17.5%),
or anti-CD3+ICs+C5b-9 (18.2%). The anti-CD3-treated cells
used as control showed 5.3% IC binding population (Fig. 14).
THP-1 cells that express FcyRIII also bound to labeled ICs (Fig.
1B, red). We further analyzed additional donors for both AHG
and IC binding on day 8 post-activation. Both anti-CD3+anti-
CD28 as well as anti-CD3+I1Cs+C5b-9 treatments showed sta-
tistically significant increase of AHG binding to the cells, at a p
value of 0.046 and 0.03 (# = 8) and also for IC binding at a p
value of 0.001 and0.0008 (n = 9), compared with anti-CD3-
treated cells (Fig. 1, C and D). These results suggest that the
activated CD4™" T-cells expressed receptors that bound to AHG
and ICs.

To further characterize the proteins to which the ICs and
AHG bound, we stained activated CD4 " T-cells with anti-FcRs
specific antibodies. Since there is no specific antibody available
that recognizes only FcyRIIIa, we utilized a monoclonal anti-
body (clone 245536, R&D Systems) that recognizes both
FcyRIIla and FcyRIIIb receptors and co-stained these cells with
a second affinity-purified polyclonal antibody that recognize
the FcyRIIIb (R&D Systems). Since, monoclonal antibody will
occupy a single epitope on receptor, it will allow the binding of
a polyclonal antibody to the alternate epitopes on receptor. A
confocal image of a cell that was triple stained using ICs and
antibodies against both receptors showed co-localized staining
for ICs with both receptors on the cell membrane (Fig. 1, E, F,
and supplemental Fig. S1). Further examination of activated
cells from two fields in three independent experiments demon-
strated staining of both FcyRIlla and FcyRIIIb. A total of
36.67 *+ 3.18% cells showed staining for FcyRIlIa, while 16.33 =
3.78% cells stained for FcyRIIIb (Fig. 1G). Isotype control
(IgG,k) and goat F(ab')2 fragment did not demonstrate stain-
ing. Cells expressing FcyRIIla always showed staining for
FcyRIIIb (Fig. 1G).

We also examined the binding of a commonly used anti-
FcyRIII antibody (clone 3G8), directly to CD4™ T-cells in the
PBMCs of fourteen SLE patients and in vitro activated purified
peripheral naive CD4" T-cells in three donors. In fourteen SLE
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FIGURE 1. Activated CD4" T-cells bind to AHG and ICs. Flow cytometry analysis for Alexa-488-labeled AHG and ICs binding to activated naive CD4 " T-cells.
A, cells activated in a donor with anti-CD3 +anti-CD28 (17.5%) or anti-CD3+1Cs+C5b-9 (18.2%) showed enhanced binding for ICs compared with cells treated
with anti-CD3 (5.37%). B, THP-1 cells bound labeled ICs (red), unstained control (blue). C, binding of AHG to cells treated with anti-CD3+anti-CD28 showed
statistically significant increase at a p value of 0.046, and treated with anti-CD3+ICs+C5b-9 at a p value of 0.03 compared with anti-CD3-treated cells,n = 8.D,
binding of labeled IC to anti-CD3+anti-CD28 treated cells showed a statistically significant increase at a p value of 0.001 and in anti-CD3+1Cs+C5b-9-treated
cells ata p value of 0.0008 versus anti-CD3 treatment (n = 9). E and F, confocal image of a cell without and with DIC background, stained for IC-Alexa Fluor® 488
(green), anti-FcyRllla’b monoclonal-Alexa Fluor® 405 (blue), and anti-FcyRIllb polyclonal-Alexa Fluor® 594 (red), (630 X magnification). G, activated CD4™ T-cells
stained using anti-FcyRllla/b monoclonal-Alexa Fluor 405 (blue) and co-stained with anti-FcyRlllb polyclonal-Alexa Fluor® 594 (red). White arrows point to blue
and red stain. Cells demonstrated staining for both receptors (magnification 400 ).

subjects examined by flow staining of PBMC using anti-
CD16-PE (clone 3G8) demonstrated the presence of FcyRIII
ranging from 0.21 to 10.8% with a mean = S.E. of 3.33 * 0.748
of CD4™" T-cells (Fig. 2, A-D). In vitro activated cells using same
antibody in anti-CD3+ICs+C5b-9 (17.4%) treated population
also demonstrated 3-fold increase in anti-CD16 binding cells
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compared with cells that were treated with anti-CD3 (6.62%)
alone (Fig. 2, E and G). Cells treated with anti-CD3+anti-CD28
showed small increase (Fig. 2F). THP-1 cells stained positive
with anti-CD16 (Fig. 2H, red). These results are in concordance
with IC binding population observed and further confirm the
presence of these receptors in a subset of activated CD4™"
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FIGURE 2. A subset of CD4™ cells in PBMC binds to anti-CD16 (clone 3G8). Flow analysis showed varied amount of cells bound to anti-CD16.CD16 expression
shown in three donors (A) (2.27%); (B) (5.23%), and (C) (10.8%). A total of 14 subjects were analyzed in four separate experiments (D), combined analysis show
3.33 £ 0.748% (mean * S.E.) cells bound to anti-CD16. Purified CD4"CD45RA™ T-cells stained with anti-CD16-PE on day 8 postactivation. Anti-CD3+1Cs+C5b-
9-treated cells showed ~3-fold increase in anti-CD16 binding (G) compared with anti-CD3 (E). A small increase in anti-CD3+anti-CD28 was also observed.
THP-1 cells stained with anti-CD16 (red) and unstained control (blue) (H) CD4* gated PBMC () CD4 ™ T-cells from PBMC show double staining for ICs-Alexa Fluor

488 and anti-CD16-PE (J) (shown 1/3 analyzed).

T-cells. Direct staining with monoclonal anti-FcyRIII antibody
(3G8) and labeled ICs of CD4™ gated cells within the PBMCs
from SLE patients showed double positive staining for antibody
and ICs binding (Fig. 2, / and J). To further confirm the speci-
ficity of ICs binding to FcyRIII, we tested the ICs binding to
activated Jurkat (Fig. 34), P116 (Fig. 3B), both CD4" T-cells,
THP-1 (Fig. 3C) and Daudi (Fig. 3D) that express FcRvyII, which
also bind to ICs. All these cells demonstrated a population of
cells that showed binding to labeled ICs. CD4™" cell lines and
THP-1 cells demonstrated bimodal IC binding. Although, we
are not certain of the underlying mechanism, we speculate that
differential binding of the ICs to FcyRIIla and FcyRIIIb can
demonstrate such behavior. The FcyRIIIb binds to ICs with an
affinity of <107 compared with that of FcyRIIla, which bind
with affinity of ~2 X 107 M~ '. We further examined whether
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the IC binding population also bind to anti-FcyRIII antibody
(3G8). In all three cell line examined, THP-1, P116, and Jurkat
cells, we observed double staining for labeled IC binding with
anti-FcyRIII (3G8) antibodies (Fig. 3, I, J, K). These results fur-
ther establish the specificity of ICs binding to FcRs.
Anti-FcyRIlla/b Receptor Specific Antibodies Inhibit AHG
Binding—Next, we examined whether these antibodies used for
cell staining can block the binding of labeled AHG to the acti-
vated CD4" T-cells. To set up antibody-specific blocking
experiments, we first titrated binding of AHG from concentra-
tion of 0.5 to 5 pg/million of activated CD4" T-cells. AHG
binding analysis in a flow staining experiment showed a con-
centration-dependent increase in AHG binding. The percent-
age of cells that bound to AHG increased from 1.61 to 66.4%
and also showed associated increase in mean fluorescent inten-
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FIGURE 3. Binding of IC-Alexa-Fluor 488. Activated CD4" T-cells Jurkat (A), P116 (B), and monocytic cells THP-1 (C) as well as Daudi B cells (D) demonstrate
binding to labeled ICs. Unstained Jurkat (E), P116 (F), THP-1 (G), and Daudi (H). Dual binding of ICs and anti-CD16 (3G8). THP-1 (/), activated P116 (J), and
activated Jurkat (K) and unstained cells (L). Cells stained with anti-CD16 also show ICs staining. Data representative of two independent experiments.

sity (MFI) from 16.96 to 193.98 (Fig. 4A). A pre-treatment of
cells with 5 pug of monoclonal antibody anti-FcyRIIla/b for 1 h
at room temperature inhibited the binding of 2.5 ug of labeled
AHG used for each one million cells (Fig. 4B). Further increase
in the antibody quantity to 10 and 20 pg did not show any
further inhibition of the AHG binding (not shown). Under sim-
ilar conditions isotype control (IgG,A) at 10 ug did not inhibit
AHG binding (Fig. 4C). The FcyRIlla and FcyRIIIb receptor
proteins are identical except at the C terminus the FcyRIIIa has
additional 21 amino acids that constitute the cytoplasmic tail.
This similarity in amino acid sequence has hampered the devel-
opment of specific reagents for these receptors. Thus, we used
the only available antibody that is specific for FcyRIIIb to char-
acterize its presence. The anti-FcyRIIIb antibody used is an
affinity-purified goat polyclonal from R&D Systems (Product:
AF1597). This antibody also inhibited the AHG binding at a
concentration of 5.0 ug (Fig. 4D). These results suggest the
presence of FcyRIII on activated CD4 ™" T-cells. The FcyRIIla
and FcyRI signal via common FcR-vy chain, thus we further
explored if affinity-purified goat polyclonal anti-FcyRI (R&D
systems, Product: AF1257) will block the binding of AHG. The
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high affinity FcyRI preferentially binds to monomeric immu-
noglobulin. Affinity-purified polyclonal anti-FcyRI antibody at
concentration of 10 and 20 ug of protein showed small amount
of inhibition for the AHG binding (Fig. 4E). The goat F(ab’)2
fragment used as a control for goat polyclonal at a concentra-
tion of 10 g also did not inhibit AHG binding (Fig. 4G).
Unstained control cells did not show fluorescence as observed
for AHG binding cells, histograms unstained cells (Fig. 4H),
stained cells (Fig. 4), and scatter overlay (Fig. 4/).
Immunoblotting for FcyRIII Proteins—To further character-
ize the FcyRIII proteins, which bound to AHG and ICs, we
generated immunoprecipitates (IPs) using two anti-FcyRIII
monoclonal antibodies, clone 245536 and 3G8 from THP-1,
Jurkat, and P116 cells. These IPs when probed with polyclonal
anti-FcyRIIL, showed several protein bands between 20 to 37
kDa, at 53 kDa and at ~75 kDa (Fig. 5A4). The IPs obtained with
clone 245536 antibody in activated Jurkat, CD4" and P116, all
CD4 " T-cells showed more pronounced low molecular weight
proteins that were also observed in IPs obtained using 3G8 anti-
body at low intensity. One of these proteins reacted with anti-{
chain antibody (not shown). Phosphorylated FcR-y chains
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demonstrate molecular mass in this range and forms het-
erodimers with {-chain (28, 29). In direct staining, these pro-
teins did not react to anti-mouse-HRP conjugate. Previously, a
29 and 31 kDa protein along with a broad band at 50 -75 kDa
that is recognized by anti-CD16 (3G8) antibody has been
reported from monocytes (30). Similar size proteins were
observed in Jurkat and P116 cells IPs, using anti-CD16 poly-
clonal antibody (Fig. 5B). An inconsistent presence of 40 and
31 kDa proteins were reported in monocytes (30). In addi-
tion to 29 kDa protein, human monocytes also express CD16
as a 50— 80-kDa protein (31, 32). Human neutrophils show
FcyRIII as 29, 33 kDa and a broad band at 50 to 73 kDa (33).
In polymorphonuclear cells, 3G8 recognized broad bands at
64— 80 kDa, 50— 64 kDa and in natural killer cells at 53-59
kDa and 59-65 kDa (34). We observed proteins at these
molecular masses in IPs obtained with monoclonal anti-
CD16 (3G8, 245536) from CD4 ™" T-cells that reacted to anti-
CD16 polyclonal antibody (Fig. 5, A and B). Cell lysates ana-
SASBMB
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lyzed in non-denaturing gels using polyclonal anti-CD16
recognized a protein at ~ 58 —60 kDa in Jurkat, P116, and in
monocytes obtained from two SLE patients. In THP-1 cells
instead a lower mass protein and several faint higher mass
proteins were observed (Fig. 5C). Human foreskin fibroblast
(HFF) and human embryonic kidney cells (293T) cells did
not demonstrate the presence of this ~58 — 60 kDa protein.
IPs prepared using anti-CD16 (3G8) antibody after reducing
and alkylating with iodoacetamide, revealed several bands
from 20 to 37 kDa (33, 35). In addition, a prominent band
at ~ 53 kDa was observed (Fig. 5D) (36). In control 293T cells
less reactive two bands between 20 to 25 kDa were observed. After
digestion with N-glycanase, majority of the proteins in IPs
obtained with anti-CD16 (3G8) appeared as a prominent band at
~21 kDa and a protein at ~ 53 kDa, with a faint band at 40 kDa
(Fig. 5E). A 21-kDa-protein post N-glycanase treatment was
reported from polymorhonuclear cells (34). These results further
suggest the presence of FcyRIII proteins on CD4 ™" T-cells.
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FIGURE 5. Western blot analysis of immunoprecipitates. Immunoprecipi-
tates were generated using two monoclonal antibodies, clone 3G8 (left) and
clone 245536 (right). A, blots were developed using anti-CD16 polyclonal
showed broad-band between 20 to 40 kDa. Additional band at 75 kDa was
observed. In CD4 ™ cells, additional band at ~60 kDa was observed in immu-
noprecipitates with clone 245536. Low molecular weight proteins were
observed prominently in IPs with 245536 in CD4* T-cells. A 53-kDa band was
observed in all cells. Lanes left to right, Jurkat 2 (un-stimulated); P116 (un-
stimulated); THP-1 (un-stimulated); naive CD4™ T-cells (stimulated with anti-
CD3+1Cs+C5b9); Jurkat (stimulated with anti-CD3 +ICs+C5b-9); Magic Mark
XP molecular weight markers; Jurkat 1 (stimulated with anti-CD3+1Cs+C5b-
9); naive CD4" T-cells (stimulated with anti-CD3+ICs+C5b-9); THP-1 (un-
stimulated) and P116 (stimulated with anti-CD3+1Cs+C5b-9). B, in CD4+
T-cells and THP-1, a broad protein band at 60-80 kDa and 20-37 kDa along
with minor bands at 40 and 50 kDa are observed. C, in non-denaturing gels,
anti-CD16 polyclonal antibody recognized a protein at ~58 - 60 kDa in Jurkat,
P116 and two monocyte preparations. THP-1 cells showed multiple bands.
HFF and 293T cells did not react to 58-60 kDa protein but showed faint
bands. HFF showed a low MW reactive protein. D, reduction and alkylation of
IPs from Jurkat, P116, THP-1, and monocytes showed major multiple bands
between 20 to37 kDa and a band at 53 kDa. 293T cells only showed two low
intensity bands at 20-25 kDa. E, N-glycanase digestion of IPs from both
monocytes and CD4 ™ T-cells demonstrated a major protein band at 21 kDa. A
protein band at 53 kDa with a faint band at 40 kDa was also present.

Activated Human CD4" T-cells Express FCGR3A Tran-

scripts—Having shown that the activated CD4 " T-cells show
binding to AHG and ICs, also this AHG binding was success-
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fully blocked with anti-FcyRIII antibodies, we next analyzed the
presence of FCGR3A transcripts in cDNA prepared from anti-
CD3+ICs+C5b-9 treated naive CD4™" T-cells. We examined
the level of FCGR3A RNA transcript expression in human
CD4™" T-cells at rest or activated with plate-bound anti-
CD3+anti-CD28 or anti-CD3+ICs+C5b-9 (IDT assay
Hs.PT.49a.15478614¢g). Expression levels of the RNA tran-
scripts were normalized to anti-CD3 treated cells of each
donor. Increased expression of FCGR3A transcripts, ranging
from 4.4 -23-fold was observed in all the six donors analyzed
in response to anti-CD3+ICs+C5b-9 treatment (Fig. 6A4).
Induced expression of FCGR3A transcripts at lower level com-
pared with anti-CD3+ICs+C5b-9 stimulation was also
observed in three of six donors analyzed from anti-CD3+anti-
CD28 stimulation. The relative amount of expression varied
between the two types of stimulation (Fig. 64). We further ana-
lyzed the time course for expression of FCGR3A gene tran-
scripts. This data showed that the FCGR3A gene transcripts
appeared as early as day 4 post-stimulation in anti-CD3+anti-
CD28 treated cells and by day 30 FCGR3A transcripts returned
to baseline levels (Fig. 6B). Maximum expression of FCGR3A
transcripts  in  anti-CD3+ICs+C5b-9-treated cells was
observed on day 9. In anti-CD3+anti-CD28-treated cells
FCGR3A expression peaked earlier compared with anti-
CD3+ICs+C5b-9 treatment. Visual microscopic examination
also showed early colony formation and expansion of cells from
anti-CD3+anti-CD28 treatment. Additional analysis of nine
donors for FCGR3A expression without stimulation at zero
time did not show any significant difference in FCGR3A tran-
scripts (Fig. 6C). A less than 2-fold variation was observed
among these donors using a random donor for FCGR3A
expression as a control. The gene expression assay obtained
from IDT is designed to recognize a FCGR3A gene variant. Our
analysis showed that the primers used in this assay might rec-
ognize both FCGR3A as well as FCGR3B gene product. How-
ever staining with antibodies suggests a predominant expres-
sion of FcyRIIIa, which signal via FcR-vy chain (Fig. 1F).

DNA Sequencing of PCR-amplified Product Confirm FCGR3
Gene—Once we established FCGR3A transcripts in the acti-
vated CD4" T-cells, we further confirmed their identity by
DNA sequencing. To accomplish this, we designed primers
based on gene ID NM-001127596.1 (GI: 189083841). In PCR
amplification, these primers generated an appropriate size
330-bp fragment from activated Jurkat, naive CD4* T-cells and
pooled lymphocytes (Fig. 7A, left panel). Thereafter, using
nested M13-FCGR3 primers we re-amplified this product (367
bp) and sequenced it with M13 primers from both sides (Fig.
7A, right panel). The nucleotide sequence obtained from dide-
oxy sequencing of this fragment upon blast analysis (NCBI)
confirmed it to be a FCGR3A gene product that aligned to
nucleotides 535 to 831 of gi 1890838441 ref NM_00127596.1
(Fig. 7B). The confirmed sequence covered exons 4 and 5 (Fig.
7C). This sequence also aligned to the 434 to 732 nucleotide of
gi 46430439 ref AJ581669.1 of FCGR3B gene. Thus, these
results further confirmed the presence of FCGR3 gene tran-
scripts in activated CD4 ™" T-cells. In addition, primers used to
establish the presence of FCGR3B, a 242-bp fragment in baso-
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FIGURE 6. qRT-PCR analysis of FCGR3A gene transcripts. FCGR3A gene is
expressed in activated CD4" T-cells. A, all six donors analyzed showed an
increase in the FCGR3A gene transcript from anti-CD3+1Cs+C5b-9 activation
and 3 of 6 from anti-CD3+antiCD-28 activation on day nine. Data are normal-
ized with anti-CD3 for each donor population. B, time course analysis for
FCFGR3A transcripts in CD4 " T-cells show maximum expression on day 9 with
anti-CD3+1Cs+C5b-9 and on day 4 with anti-CD3+anti-CD28 activation.
Data are representative of two independent experiments. C, nine donors ana-
lyzed for the relative quantities (RQ) of FCGR3A transcripts in CD4"CD45RA™
T-cells (at 0 time point). Donors 2, 6, 7, and 8 showed relatively small increase.
FCGR3A normalized with endogenous control GAPDH. FCGR3A in all donors
was normalized using the donor 1 transcripts.
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Immune Complexes Produce IFN-y in CD4* T Cells

phils also successfully amplified an appropriate size a 242-bp
DNA fragment (not shown) (37).

Production of IFN-vy in the Presence of IL-12 Cytokine—To
determine whether the induced expression of FcyRIlla on
CD4™" T-cells has a role in T-cell-mediated immune responses,
we evaluated IFN-vy production. IFN-vyis a pleiotropic cytokine,
which is also a marker of T},1 response. T};1 response is com-
monly observed in autoimmune pathology (38, 39). Thus, we
examined both production of IFN-y and T-bet expression, a
transcription factor that regulates IFN-y production during
T 1 response (39). Both FcyRIlla and FcyRIIIb are capable of
binding to ICs. FcyRIIla mediates antibody-dependent cellular
cytotoxicity (ADCC), and phagocytosis, contrary FcyRIIIb is
not capable of these functions and only acts as a trap for ICs.
FcyRIIla signals via activating FcR-vy chain that couples to acti-
vation and this signal drives IFN-vy production in macrophages
(40). In T-cells, FcR-y chain is present as a heterodimer with
{-chain in the T-cell receptor (TCR).

We analyzed 12 subjects in three independent experiments
for IFN-vy production and T-bet expression. In a donor shown,
the cells treated with anti-CD3+anti-CD28 showed 9.6% IFN-
v T-bet* cells, while anti-CD3+ICs+C5b-9 treated group
showed 24% of double positive cells (Fig. 8, A and B). A distinct
higher amount of IFN-vy production in cells treated with
anti-CD3+ICs+C5b-9 was observed compared with anti-
CD3+anti-CD28 treatment in this donor (Fig. 8, A and B). Sub-
stantial and significant increase in the expression for IFN-yand
T-bet was observed in 10 subjects in response to treatment with
anti-CD3+ICs+C5b-9 (Fig. 8, Cand D). Cells from two donors
did not respond to any stimulation. Combined analysis of ten
donors showed an increase in IFN-y" T-bet™ cells from 6.37 +
1.33 (anti-CD3) to 20.4 *= 3.48 (anti-CD3+ICs+C5b-9) and
9.48 *+ 2.74 (anti-CD3+anti-CD28). This increase was statisti-
cally significant at a p value of 0.0014 for anti-CD3+
ICs+C5b-9 treated cells compared with anti-CD3 treatment
(Fig. 8D). Donors 8, 9, and 10 showed higher percentage of
IFN-y*T-bet™ cells from anti-CD3+anti-CD28 treatment
(Fig. 7C). When compared with cells alone the increase in IFN-
v*T-bet” population was more pronounced and statistically
significant with both stimulations. An increase from 2.43 *
0.81 (cells) to 20.49 = 3.48 (anti-CD3+ICs+C5b-9) and 9.49 =
2.74 (anti-CD3+anti-CD28) was observed, which were statisti-
cally significant at a p value of 0.0001 and 0.0239, respectively.
We observed a population that produced high amount of IFN-y
and a population that produced moderate amount of IFN-y
(Fig. 8). These results thus suggest a role for FcyRIIla signaling
in the production of IFN-vy in peripheral CD4" T-cells. The
analysis of the gene transcripts that encode for IFN-y (ifng) and
T-bet (Thx21) showed increase in anti-CD3+ICs+C5b-9
treated cells (Fig. 9, A and B). In the five donors analyzed, ifug
transcripts showed an increase from 1.8 to 6.49-fold (Fig. 9A4).
An increase in Thx21 transcripts up to 2.8-fold was observed.
Cells treated with anti-CD3+anti-CD28 also showed increase
in both gene transcripts, except donor 3, which did not express
Tbx21 (Fig. 9B). FcyRlIlIa from IC ligation signals via ITAM by
recruiting common FcR-y chain. This suggests a role for
FcyRIIIa in IEN-vy production. These results further assert not
only the presence of signaling FcyRIlIla receptor on activated
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to cDNA coding for exons 4 and 5.

CD4™" T-cells, but also a function for FcyRIlla in T-cell
response.

Subsets of Mouse CD4™ T-cells from Two Different Autoim-
mune Models Bind to Labeled ICs—To examine whether the
activated CD4™ T-cells population is also present in disease
state, we examined the binding of labeled ICs in two mouse
models of autoimmunity. First, we examined CD4" T-cells
from the K/BxN arthritis mouse model. ICs and auto reactive
CD4™" T-cells causes joint disease in this mouse model, both of
which target the glucose-6-phosphoisomerase enzyme (22).
Flow analysis for IC binding showed that a subset of activated
CD4™" T-cells from K/BxN mice demonstrated increased bind-
ing for the labeled ICs. A 4-fold increase in IC binding (from 1.7
to 7.3%) was observed in CD4 ™" T-cells from K/BxN compared
with KRN control mice. Furthermore, a 3-fold increase (from
13 to 31%) in the binding of labeled AHG by CD4™ T-cells from
K/BxN mice compared with control KRN mice (not shown).
Next, we examined CD4 " T-cells from the TxA23 mouse model of
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Autoimmune Gastritis (23). As in the human disease, CD4"
T-cells and autoantibodies that target the H+/K* ATPase enzyme
expressed in the stomach cause disease in mouse. Increased IC
binding of 9.3% in CD4™" T cell population was also observed in
autoimmune gastritis model (TxA23) compared with 3.4% bind-
ing in BALB/c control group (Fig. 10) Increase in ICs binding was
statistically significant in both diseases. Together these data dem-
onstrate an increase in IC binding CD4™ T-cell population in two
separate mouse models of autoimmunity.

The binding of AHG and ICs, staining and inhibition of AHG
binding along with qRT-PCR for FcyRIIla RNA transcripts and
DNA sequencing of amplified transcripts, thus confirms the pres-
ence of this FcyRIII receptor in a subset of activated CD4 " T-cells.

DISCUSSION

FcRs interact with the monomeric immunoglobulin’s and
ICs to trigger cell specific functions (7). In this report, we show
that the activated peripheral CD4" T-cells express low affinity

SASBMB

VOLUME 290-NUMBER 8+-FEBRUARY 20, 2015



Immune Complexes Produce IFN-y in CD4* T Cells
A Cells anti-CD3 B

725 . 0.73 526 1.06
anti-CD3+anti-CD28 anti-CD3+ICs+C5b-9
444 9.63 376 240

T-bet

c -ce: D .
[ anti-CD3 — y -
B8 anti-CD3+anti-CD28 X p =0.0014
nti-CD3+ICs+C5b-9 s
©
(@]
= 201
9 +
Ft 2
©
2 (@]
3 2
b= 2 10
S s
(*'-) + 1
3 iy ,
= =
5 |
e ]
= o4
L o 5
- N o K.
o 690 .90
S & 2
& S o
o3¢ 3
Q >
(9
& ,L\;'
& &

FIGURE 8.1Cs and C5b-9 trigger IFN-y production. Flow analysis for IFN-y production and T-bet expression in CD4* gated cells. A, one of the ten responding
donor showed 24% IFN-y* T-bet™ cells from anti-CD3+1Cs+C5b-9 activation compared with 9.63% in response to anti-CD3+anti-CD28 activation. B, histo-
gram comparing IFN-y production from anti-CD3 +anti-CD28 treatment versus anti-CD3 +1Cs+C5b-9 compared with anti-CD3 treated population. C, percent-
age of cells expressing IFN-y and T-bet in 10 donors of total 12 analyzed. 7 donors showed high population of IFN-y*T-bet™ in response to anti-
CD3+ICs+C5b-9 and 3 donors (8, 9, and 10) from anti-CD3+anti-CD28 treatment (D) Combined analysis for IFN-y" T-bet™ showed statistically significant
increase in anti-CD3+I1Cs+C5b-9 treated cells at a p value of 0.0014 compared with anti-CD3 treated.
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FIGURE 9. Expression for Ifng/Tbx21 gene in activated CD4* T-cells. qRT-PCR analysis for ifng (A) and Tbx21 (B) gene transcripts in five donors with two
treatments. All of the five donors analyzed demonstrated an increase in ifng transcripts from 1.8 - 6.8-fold in the anti-CD3+1Cs+C5b-9 treated group and no
change to 6.37-fold in the anti-CD3+anti-CD28-treated group. For Tbx21 transcripts demonstrated an increase from no change to 2.8-fold, and no change to
1.4-fold increase was observed in anti-CD3+1Cs+C5b-9 and anti-CD3+anti-CD28, respectively. Donor 3 did not express Tbx21 from anti-CD3+anti-CD28
treatment.
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FIGURE 10. Surface binding of ICs to CD4™* T cells from two different mouse models of autoimmunity. A, increased ICs binding to CD4* T-cells from KRN
mice crossed to NOD mice (K/BxN), a well-established mouse model of autoimmune arthritis, but not to CD4 ™ T-cells from control KRN mice. Data is repre-
sentative of an analysis that included 6 mice per group. B, ICs binding to CD4* T-cells from TxA23 mice, a well-established mouse model of Autoimmune
Gastritis, but not to CD4 ™" T-cells from control (BALB/c) mice. Data are representative of an analysis that included 5 mice per group.

FcyRIlla receptor that upon ligation with ICs in the presence of
IL2/IL-12 generate a strong IFN-vy producing subset. FcRs are
widely expressed by immune cells and play a critical role in
many immune -mediated responses. Despite some early reports
for the presence of FcRs on CD4™ T-cells, their role in T-cell
mediated immune responses has been largely ignored (15, 17,
41,42). We observed a co-staining of ICs with the CD3 complex
on CD4™" T-cell membrane and observed T-cell activation from
ICs+C5b-9 treatment (24). In CD4 ™ T-cells, engagement of the
FcRs by ICs led to the phosphorylation of FcR-y chain, which
co-localized with phosphorylated Syk kinase (43). In the pres-
ent study, we show activation induced expression of FcyRIIla in
a subset of activated CD4 ™" T-cells that upon ligation from ICs
led to the development of a cell phenotype that produced high
amounts of IFN-vy and expressed T-bet. Another subset pro-
duced moderate amount of IFN-v (Fig. 8, A and B). We specu-
late that this population was produced by the secondary activa-
tion from the first wave of IEN-yand T-bet expression resulting
from IC ligation. During Ty;1 response, IFN-y and T-bet
expression is observed in two waves (44). Although the precise
mechanism that derive the IFN-vy production from ICs+C5b-9
stimulation is not clearly understood, we speculate the possible
involvement of DAP-12- Syk-CARD9 pathway. A role for Syk in
the production of IEN-vy from CD16 ligation in natural killer
has been reported (45). We observed decrease in ICs binding
population in a secondary stimulation experiment, which coin-
cided with the increase of IFN-vy population, suggesting FcyRIIL
utilization.? The possibility do exists that the other secondary
mediators may be involved. Nonetheless production of IFN-y
by ICs+C5b-9 is an important event.

We observed up to twenty-five percent of cell population
that expressed FcyRIIL A previous study has also demonstrated
IgG binding to as much as 20% of T cells (46). Since most of
commercial IgG preparations (typically the Cohn fraction V)
are contaminated with the aggregated globulin, we believe that
in this study aggregated IgG contributed to the observed bind-
ing (46). In the mononuclear leukocytes, activation of enriched
T lymphocytes also demonstrate an increase in the number of
CD3™ FcyRIlla™ cells on day 4 poststimulation with immobi-

3 A. Chauhan, unpublished observation.
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lized human IgG (42). Furthermore, PHA stimulation showed
4.-10-fold increase in FcyRIII " population within CD3*CD8™
population (42). A total of 3 to 5% CD4" T-cells expressed
CD16 and this population did not increase in response to
immobilized IgG (42). These previous studies demonstrate the
presence of low affinity FcRs on T lymphocytes. In mouse, yet
another study showed that the mouse Thy-1" thymocytes
express FcyR between 13 and 17 days of fetal development (47).
In this report, we define two more activation signals that induce
the expression of FcyRIII on peripheral human naive CD4™
T-cells. The percentage of FcR™-bearing cells and timing of
expression observed by us is also in agreement to these previous
studies (Figs. 1 and 2). With repeated in vitro activation as high
as a ~50% cells demonstrate IC binding. Our result along with
these previous studies are in contrast to several recent reports
that argue for the lack of expression of FcRs on CD4™ T lym-
phocytes (4, 5, 7, 9, 10, 48). We believe that the lack of good
antibodies against human FcRs and lack of proper reagents to
analyze the expression of FcyRIII on activated CD4* T-cells
contributed to the non-recognition of these receptors on CD4™"
T lymphocytes by several groups.

In addition to human studies that point to the presence of
low affinity FcRs on CD4 ™" lymphocytes, previous literature has
also established binding of aggregated mouse IgG to murine
thymocytes and T cells (49). We examined two disease mouse
models for an increase in the binding of ICs to CD4 ™ T-cells. In
both of these diseases, we observed increased CD4"IC™ popu-
lation compared with non-disease mouse (Fig. 10). Increased IC
binding was also observed directly in the CD4" population in
SLE patients (43). The IC binding and staining with receptor
specific antibodies demonstrated IC co-localization with the
receptors (Fig. 1E and supplemental Fig. S1). The staining pat-
tern observed suggest receptor capping (Fig. 1E). The binding
of aggregated mouse globulin appeared as fluorescent speckles
incorporated into the cell beneath the membrane (49). A simi-
lar staining pattern of ICs binding to the human CD4™" T cells
was observed (24).

ICs and C5b-9 are common immune reactants of humoral
and innate immune responses and are elevated during disease
pathologies such as autoimmunity, infections, and cancers.
Both ICs and C5b-9 are present within the immune deposit,
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which occurs in vascular sites in conditions such as lupus
nephritis and arthritic synovium (50, 51). Thus those naive
CD4™ T-cells that will come in contact with immune deposits
will trigger their differentiation into CD4 " FcyRIIIa* IFN-y""
population resulting in high IFN-vy in localized tissue. This
excessive production of IFN-ywill lead to the enhanced antigen
presentation from increased MHC expression (52). Thus in tis-
sue with immune deposits, activation and differentiation of
naive CD4™ T-cells could modulate local immune responses.
This will be important in autoimmune diseases where tissue
damage often occurs at vascular sites along with the formation
of immune deposits such as kidney. IFN-vy is an important
mediator of immunity and inflammation that signals via Jak-
STAT1 signaling pathway and amplifies T};1 response, while
suppressing other responses such as T;2 and T1;17 (53). Thus,
ICs-mediated production of IFN-vy could generate a T};1 bias in
the inflammatory tissue with immune deposits. T-bet-deficient
cells produce small amount of IFN-+y and fails to mount effec-
tive T1;1 response (54). We observed a strong IFN-vy production
in a subset of CD4™" T-cells, which suggest that ICs+C5b-9
mediated early IFN-y may be a protective mechanism employed
by host to prevent infection in inflammatory tissue.

The activation-induced expression of FcyRIlla raises two
important questions: 1. Which signaling pathway do these
receptors trigger in CD4 " T-cell? 2. In what adaptive responses
FcRs play a role? In B cells, FcR-y chain phosphorylation trig-
gers Syk-PLC-v2 signaling that results in cell activation (55).
Syk-mediated signaling trigger IFN-vy production in macro-
phages. Thus it is possible that ICs trigger IFN-vy production via
Syk signaling in activated CD4" T-cells (40). SLE is a disease
associated with the formation of DNA/RNA containing ICs and
hyperactive T cells that also demonstrate activation of Syk (56).
It is likely that ICs mediated IFN-vy production in CD4 ™ T-cells
also require Syk activation (Fig. 8). In B cells, FcyRs regulate
cellular responses by co-engaging with other membrane recep-
tors i.e. complement or B cell receptor in B cells (48, 57). This
further raises a question whether FcRs in CD4" T-cells will
exercise similar regulatory role during the disease response by
co-engaging TCR (24). In such a scenario, FcyRIIla mediated
activating signal may subvert immune down-regulation during
the contraction phase of immunity (24). A role for activating
Fc-y receptors in therapies targeting T cell antigen such as
CTLA-4 and GITR is suggested (58, 59). Activation induced
expression of FcyRIIla may influence the outcome of therapies
targeting T cell antigens.

In conclusion, we show that upon activation, a subset of the
CD4™" T-cell population express FcyRIII both as RNA tran-
script and protein. Engagement of these receptors by ICs trig-
gers production of high levels of IFN-y. We also demonstrate
limited expression of FcyRIIIb, however their role in T-cell
responses is not clear. The presence of FcRs on activated CD4 ™
T-cells will be an important regulator of immune homeostasis.
FcyRIIIa may be the critical link among ICs and hyper-acti-
vated T-cell phenotypes observed in SLE. Thus, further explor-
ing FcyRs role in T-cell physiology is critical for understanding
of immune homeostasis and autoimmune pathology. These
results may have wider implication in diseases such as cancers
and not limited to autoimmunity (58, 59). Our results re-em-
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phasize for further exploration of the role of FcRs in T-cell
physiology.
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