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Background. The T-cell response to chlamydia genital tract infections in humans and mice is unusual because the majority of
antigen-specific CD8 T cells are not class I restricted (referred to here as “unrestricted” or “atypical”). We previously reported that a
subset of unrestricted murine chlamydia-specific CD8 T cells had a cytokine polarization pattern that included interferon (IFN)-y
and interleukin (IL)-13.

Methods. In this study, we investigated the transcriptome of CD8 . T cells, comparing them to Tcl clones using microarray
analysis. That study revealed that CD8 . polarization included IL-5 in addition to IFN-y and IL-13. Adoptive transfer studies were
performed with Tcl clones and a CD8 |, T-cell clone to determine whether either influenced bacterial clearance or immunopathology
during Chlamydia muridarum genital tract infections.

Results. To our surprise, an adoptively transferred CD8, | T-cell clone was remarkably proficient at preventing chlamydia
immunopathology, whereas the multifunctional Tcl clone did not enhance clearance or significantly alter immunopathology.
Mapping studies with major histocompatibility complex (MHC) class I- and class II-deficient splenocytes showed our previously

published chlamydia-specific CD8 T-cell clones are MHC class II restricted.

Conclusions.

The MHC class II-restricted CD8 T cells may play an important role in protection from intracellular pathogens

that limit class I antigen presentation or diminish CD4 T-cell numbers or impair their function.
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Chlamydia trachomatis (Ct) urogenital serovars D-K are im-
portant because they cause immunopathology. In a subset of
women, Ct infection causes fibrosis leading to infertility and ec-
topic pregnancies. More than 1.5 million infections are reported
annually in the United States despite screening, test-and-treat
programs, and effective therapy [1]. Epidemiologic data argue
that test-and-treat programs arrest herd immunity leading to
increased incidence of infection [2]. Women that self-clear Ct
infections are less likely to be reinfected [3], which is proof of
concept that vaccine-generated immunity could reduce the
burden of Ct disease.

Rational vaccine development requires an immunologic goal.
Mouse models predict that the most reliable mediator of pro-
tection will be class II-restricted multifunctional Thl [4, 5].
In humans, protection from infertility [6] and susceptibility
to reinfection [7] map to human leukocyte antigen (HLA)
class II, which implies critical CD4 responses. In the murine
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Cm model, CD8 represents 5%-10% of the T-cell response in
tissue [8], causing infertility [9] dependent on tumor necrosis
factor (TNF)a [10]. However, in a trachoma model, monkeys
protected by vaccination were susceptible to reinfection after
CDS8 depletion, implying CD8-mediated protection in the eye
[11]. Two prominent groups investigating human Ct urogenital
infections found that the majority of Chlamydia-specific CD8
clones “were not” restricted by HLA class I or CD1 [12, 13]. The
role of “unrestricted” CD8 T cells is unknown.

We previously reported the CD8 response to Cm genital tract
infection includes Tcl polarized to interferon (IFN)-y/inter-
leukin (IL)-10/TNFa and CDS8 polarized to IFN-y/IL-10/TNFa
with IL-13 [14]. Interleukin-13 knockout mice clear Ci genital
infections faster with less pathology than wild-type mice [15],
and IL-13 modestly enhances Cm replication in epithelial cells
[14]. The CD8 , phenotype was originally described in humans
with systemic sclerosis (SSc) [16, 17], an autoimmune disease
with progressive skin and mucosal scarring. In the presence of
TNFa, IL-13 triggers stromal fibroblasts to secrete transforming
growth factor (TGF) [18], the master scar formation cytokine;
therefore, we hypothesized that Chlamydia-specific CD8 | T
cells were immunopathologic and multifunctional Tcl cells
lacking IL-13 were protective. In this study, we determined the
molecular fingerprints for Tcl versus CD8 . T cells using ex-
pression microarray analysis, and we tested the CD8 . patho-
genesis hypothesis by adoptive transfer.
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MATERIALS AND METHODS

Mice

Four- to five-week-old female C57BL/6 mice from Harlan
Laboratories (Indianapolis, IN) and Jackson Laboratories (Bar
Harbor, ME) were housed in Indiana and Yale University spe-
cific pathogen-free facilities. The Institutional Animal Care and
Utilization Committees at Indiana and Yale Universities ap-
proved all experimental protocols.

Cells and Bacteria

McCoy fibroblasts were cultured as previously described [19].
Mycoplasma-free Chlamydia muridarum (Nigg) were grown in
McCoy cells as previously described [20]. Soluble Chlamydia
antigen prepared as described [14].

Chlamydia-Specific CD8 T Cells

CD8 clones were maintained in “RPMI complete media” sup-
plemented with cytokines as previously described [14]. For the
adoptive transfer experiments, recombinant murine TGFp1 at
10 ng/mL was included in media for 1+ months before transfer
when indicated. Murine cytokines were purchased from R&D
Systems (Minneapolis, MN), except for TGFB1 (eBioscience,
San Diego, CA). Lactate dehydrogenase-release cytotoxicity
assay was performed with CytoTox 96 (Pierce, Rockford) as
previously described [21].

Adoptive Transfer and Genital Tract Infections

One week prior, mice were treated with 2.5 mg of
medroxyprogesterone. Six days later, 1 X 10° T-cell clones were
adoptively transferred via retro-orbital injection, and controls
received injections of phosphate-buffered saline (PBS). T cells
were purified with Ficoll-Hypaque (1083; Sigma-Aldrich, St.
Louis, MO) on culture day 5 and maintained in media with
3 ng/mL IL-7 for 3 days before transfer. The day after adop-
tive transfer, mice were infected vaginally with 5 x 10* inclu-
sion forming units (IFUs) of Cm in 10 uL SPG buffer, swabbed
through day 49, and IFUs were determined on McCoy cells. On
day 56, genital tracts were scored for pathology as previously
described [22]. Each genital tract was divided into its 4 com-
ponents: 2 oviducts and 2 uterine horns. For each component,
macroscopically visible thinning of the organ wall with dilata-
tion (pathologic feature) was given a score of 1 if present and 0
if absent, for a score of 0-4 per mouse; the maximal pathology
score per mouse equals 4. Genital tracts were dissected and dig-
itally imaged with a scorable pathologic feature per component
and identified by an arrow if present to enable objective review.

Gene Expression Microarray Analysis

For “resting phenotype” microarrays, Chlamydia-specific CD8
clones were purified on culture day 7 and then maintained in
media with 3 ng/mL IL-7 for 48 hours without stimulation. An
alloreactive CD8 clone, CD8bm1-specific for H-2K"™ [23], was
included in the study. For the “activated” arrays, clones were

purified on day 7, then activated for 14 hours in 24-well plates
coated with .75 mL PBS containing .5 pg/mL anti-CD3 (145-
2¢11; BD Biosciences) overnight at 4°C, and washed before use.
For resting and activated arrays, total ribonucleicacid (RNA) was
isolated using an RNAse-free DNAse I step (RNeasy; QIAGEN),
which was repeated 4 times to minimize false discovery. With
assistance from the Indiana University Center for Medical
Genomics, gene expression patterns were analyzed using the
Affymetrix Mouse ST 1.0 Array (28 853 genes). Samples were
labeled using the standard protocol for the WT Target Labeling
and Control Reagents kit: GeneChip Whole Transcript (WT)
Sense Target Labeling Assay GeneChip. Individual samples
were hybridized to Mouse Gene 1.0 ST GeneChips for 17 hours,
washed, stained, and scanned using the Affymetrix GeneChip
Operating System (GCOS). The GCOS was used to generate
data (CEL files). Arrays were visually scanned for abnormalities
or defects. CEL files were imported into Partek Genomics Suite
(Partek, Inc., St. Louis, MO).

Cytokine Enzyme-Linked Immunosorbent Assays and Signaling Reagents
A total 2.5 X 10" purified clone T cells cultured overnight in
media with 3 ng/mL IL-7 were activated in 96-well plates
with anti-CD3 (145-2c11, .5 ug/mL in PBS overnight at 4°C
[washed once]), in media containing 1 ng/mL IL-7 (R&D
Systems) for 20 hours. Interferon-y, IL-13, and IL-5 in super-
natants were determined by enzyme-linked immunosorbent
assay using antibody pairs with recombinant standards: IFN-y
(XMG1.2; Pierce-Thermo Fisher); IL-13 (eBio13A/eBiol1316H;
eBioscience); IL-5 (TRFK5/TRFK4; eBioscience). Detection
was accomplished with Streptavidin-Horseradish Peroxidase
(BD Biosciences) and 3,3)5,5-Tetramethylbenzidine (TMB)
substrate (Sigma-Aldrich).

Cyclosporine A ([CsA] Sigma-Aldrich) was used at 500 nM
(2 ng/mL). Prostaglandin D synthase (hematopoietic-type) in-
hibitor I in dimethyl sulfoxide ([DMSO] Cayman Chemicals,
Ann Arbor, MI) was used at 2.5 uM, ~80 times the half-maximal
inhibitory concentration (IC, ). CrTh2 inhibitors I [(4-chloro-
2-((2-methyl-5-(propylsulfonyl)phenyl)ethynyl)phenoxy)
acetic acid] and II [(R)-(5-chloro-1"-(5-chloro-2-fluorobenzyl)-
2,235 -trioxospiro(indole-3,3—-pyrrolidin)-1(2H)-yl)acetic
acid] (from EMD Millipore, Temecula, CA) were dissolved in
DMSO and used at 5 uM, ~50 times the IC, .

Statistical Analysis

Summary figures are presented as “pooled” means and standard
error of the mean, and single experiments are presented as
pooled means and standard deviation. Figure legends indicate
the number of independent experiments and mice pooled to
generate the figure. Analyses were performed with Fisher’s exact
test (immunopathology), Dunnett’s test (bacterial shedding),
and Students ¢ test (other data). P < .05 was considered signifi-
cant. Aggregate shedding data from the 3 adoptive transfer ex-
periments were analyzed with the Wilcoxon rank-sum test.
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For the Affymetrix arrays, RMA signals were generated for
core probe sets, and we used the RMA method for background
correction, quantile normalization, and summarization with
Median Polish. Summarized signals for each probe set were
log -transformed. Log-transformed signals wereused for prin-
cipal components analysis, hierarchical clustering, and signal
histograms to determine any outlier arrays. Untransformed
RMA signals were used for fold-change calculations. We took
a one-way analysis of variance using log, -transformed signals
for all 4 experimental samples, and contrasts were made by
comparing combined signals for 8sAg-1 and 8sAg-3 with the
combined signals of 8uvmo-2, 8uvmo-3, and the alloreactive
CD8bml. Fold-changes were calculated using untransformed
RMA signals. Genes up- or down-regulated 3-fold with P <
.001 were considered in the final analysis. The microarray data
presented here are available in the Gene Expression Omnibus
database (www.ncbi.nlm.nih.gov/geo) under accession number
(GSE140213).

RESULTS

Transcriptome of CD8y13 T Cells

We previously characterized Chlamydia-specific CD8 clones from
mice that cleared C muridarum genital tract infections. Two CD8
clones, 8sAg-1 and 8sAg-3, polarized to IFN-y/TNFa/IL-10/IL-13,
and were not restricted by major histocompatibility complex (MHC)
class Ta [14]. The novel cytokine polarization pattern and MHC-
restriction prompted us to investigate the underlying gene expression
patterns by comparing 2 multifunctional Chlamydia-specific Tcl
clones (8uvmo-2 and 8uvmo-3) and a Kb"”-speciﬁc alloreactive CD8
clone (CD8bm1) representing a conventional Tcl clone. Two array
analyses were performed. The first was done on T cells 9 days after pas-
sage to identify resting CD8 ; biomarkers. The second was done 14
hours after activation with anti-CD3 to identify activated biomarkers
and signaling/activation pathways. For resting and activated arrays,
total RNA was isolated on 4 occasions to minimize false-positive re-
sults. Genes uniquely expressed by CD8, , were defined by the fol-
lowing: (1) same polarity for CD8 |, (8sAg-1 + 8sAg-3 combined)
versus each comparator (8uvmo-2 + 8uvmo-3, 8uvmo-2 + 8uvmo-
3+CD8bm1, and CD8bm1 alone), (2) P < .01 for comparisons, (3)
>3-fold difference in messenger RNA (mRNA) levels, and (4) mRNA
signal for 8sAg-1 and 8sAg-3 individually exceeded all 3 Tc1 clones
(eliminates genes skewed by very high or low mRNA signal by 1
CD8IL-13 clone). Table 1 shows the genes with enhanced mRNA
levels in CD8, .. Table 2 shows the genes with diminished levels. The
entire table of 3-fold differences between CD8, , and Tcl cells is pro-
vided in Supplemental Table 1 (resting) and Supplemental Table 2
(activated). Lineage markers are in Supplemental Table 3.

Transforming Growth Factor-f3, Calcineurin, and Hpgdsin CD8y,, T Cells

The array identified hematospecific prostaglandin D synthetase
(Hpgds) mRNA as uniquely transcribed by resting CD8, .. Hpgds
is interesting because its enzymatic product prostaglandin D

binds Crth2 resulting in T-cell receptor (TCR)-independent
IL-13 production in Th2 cells [24]; all of the CD8 clones had
positive Crth2 mRNA signals (data not shown). To test whether
Hpgds played a role in cytokine production, CD8 . 8sAg-1 and
8sAg-3 were activated with anti-CD3 in the absence and pres-
ence of calcineurin, Hpgds, and CrTh2 inhibitors; then, IL-13
and IFN-y were measured in culture supernatants (Figure 1A
and B). Interferon-y was dramatically inhibited, whereas IL-13
was partially calcineurin independent (CsA resistant). The
CsA-resistant portion of IL-13 production was not inhibited
by an Hspgds inhibitor nor 2 CrTh2 small molecule inhibi-
tors. CD8  TCR signaling includes a calcineurin-independent
pathway that accounts for 25%-30% of IL-13 production that
was not explained by CrTh2. In a previous study, we found that
maintenance of IL-13 production by CD4 . T cells required
TGEFpB1 [21]. To test for a CD8 , TGFf1 requirement, 8sAg-3
was passaged under usual conditions with and without TGFp1
for 6 weeks and then tested for the ability to produce IL-13
and IL-5 (Figure 1C). The 6-week experiment showed that
8sAg-3 IL-13 production was enhanced by exogenous TGFp1
without affecting IL-5. Although readily detectable after CD3-
activation, unlike IL-13, IL-5 was not produced by 8sAg-3 acti-
vated by infected epithelial cells (data not shown).

Mapping of the Restriction Elements of Chlamydia-Specific CD8
T-Cell Clones

We previously showed that CD8 . clones 8sAg-1 and 8sAg-3
were not restricted by class Ia because they equally recognized
antigen-pulsed splenocytes from C57BL/6 and K°D knockout
(class Ta deficient) mice. In the same study, mapping of Tcl
clones 8uvmo-2 and 8uvmo-3 was indeterminate due to by-
stander activation (IFN-y-enhancing cytokines released by ir-
radiated antigen-presenting cells [APC] exposed to UV-Cm).
To get around those issues, we used low-dose UV-Cm-pulsed
C57BL/6, B,-microglobulin knockout (deficient in class Ia,
Ib, CD1, MR1), and Ciita knockout (no class II) splenocytes
as APC. A well characterized Chlamydia-specific CD4 clone,
4uvmo-3, that recognizes infected epithelial cells in CD4-
dependent fashion (MHC class II restricted) [19] was included
as a control (Figure 2). CD8 T cells conventionally need class Ia,
Ib, MR1, or CD1 molecules to present antigen, which are absent
in B,-microglobulin knockout splenocytes. The 4 CD8 clones
and CD4 clone recognized UV-Cm-pulsed splenocytes from
C57BL/6 mice and MHC class I-deficient {,-microglobulin
knockout mice as expected for the CD4 clone, and this is anom-
alous but consistent with our published data for the CD8 clones.
It is curious that 8uvmo-2 and 8sAg-1 activation was enhanced
with class I-deficient splenocytes, suggesting they have killer
inhibitory receptor (Ly-49 family) arrays favoring activation
over inhibition in the absence of class I. Critically, all clones,
CD4 and CDB8, showed significantly diminished activation by
class II-deficient UV-Cm-pulsed splenocytes consistent with
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Figure 1. Interferon (IFN)-y and interleukin (IL)-13in CD8\/13 T cells. Atotal of 2.5x 10* T cells, 8sAg-1 and 8sAg-3, were activated by immobilized anti-CD3 antibody without
and with inhibitors for 24 hours; superatants were analyzed by enzyme-linked immunosorbent assay (ELISA). (A) Interferon-y in the absence and presence of cyclosporine
A (CsA). (B) Interleukin-13 in the absence and presence of CsA and in the presence of CsA combined with hematospecific prostaglandin D synthetase (Hpgds) and CrTh2 in-
hibitors (eg, +Hpgds inh). Aggregate data from 2 independent experiments. For B, the comparisons are Media vs CsA, then CsA vs CsA plus the 3 inhibitors (Hspgds, CrTh2-1,
CrTh2-2). 8sAg-1 and 8sAg-2 without CD3 activation made no detectable IFN-y or IL-13 vs CD3-Media (P< .01, not graphed). (C) Effect of transforming growth factor (TGF)31
onIL-13 and IL-5. CDSY13 clone 8sAg-3 was maintained in (1) usual culture and (2) usual culture plus TGFB1 for 6 weeks then tested for production of IL-13 and IL-5. A total of
2.5x10*T cells was added to wells without and with anti-CD3; supernatants were collected at 24 hours and analyzed by ELISA. A single experiment was done with triplicate

wells. Student’s ttest analysis: *, P< .05 and **, P<.005. NS, not significant.

MHC class IT restriction, although 8uvmo-3 was marginally sig-
nificant, and we consider that result indeterminate.

Adoptive Transfer of CD8 T-Cell Clones

To test the hypothesis that multifunctional Tcl were protective
and CD8 . was immunopathologic, we chose the following
representative clones: multifunctional, Tcl = 8uvmo-2;

“pathologic”, CD8 .= 8sAg-3. Both CD8 clones are activated
by C muridarum-infected epithelial cells and terminate rep-
lication in them [14]. For initial adoptive transfer experi-
ments, TGFP1 was included in 8uvmo-2 and 8sAg-3 cultures
for 1+ months before transfer. One day before genital tract
challenge, 1 million 8uvmo-2 or 8sAg-3 T cells were adop-
tively transferred into C57BL/6 mice, whereas control mice
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Figure 2. Major histocompatibility complex restriction mapping with
class I-deficient (32 micro ko) and class Il-deficient (Ciita ko) splenocyte antigen-
presenting cells (APC). A total of 2.5 x 10° indicated APC preincubated with 2.8
inclusion forming units UV-Cm per cell for 1 hour, then cocultured with 2.5 x 10*
T-cell clones for 48 hours; supernatants were collected and analyzed for interferon
(IFN)-y by enzyme-linked immunosorbent assay. Data normalized to IFN-y level with
wild-type C57BL/6 APC were set as 100% for each experiment. Data were aggre-
gated from 2 independent experiments. Student’s ttest analysis: **, P<.005; ****,
P < .00005. ko, knockout; NS, not significant comparison of C57BL/6 to class | ko
(B2 micro ko).

received PBS. Bacterial shedding was monitored through day
49, and immunopathology was scored on day 56. A staggered
(1 month later) repeat experiment was done, and data were
aggregated for analysis. The Tcl clone 8uvmo-2 trended to-
ward enhancing bacterial shedding without significantly
influencing immunopathology; similarly, another Tcl clone,
8uvmo-3, showed no protection from shedding or pathology
(Supplemental Figure 1). In contrast, the CD8 | 8sAg-3 clone
significantly reduced oviduct immunopathology with a trend
toward lower shedding (Figure 3).

After analyzing first and second experiments, we were
surprised to find high bacterial shedding in 8uvmo-2 mice.
We considered the possibility that extended culture of Tcl
8uvmo-2 in TGFP1 may have undermined its ability to clear
infection. We repeated the experiment using 8uvmo-2 and
8sAg-3 that were never exposed to TGFB1. 8uvmo-2 again
did not enhance bacterial clearance or significantly alter
immunopathology. In contrast, 8sAg-3 remained solidly
protective against development of oviduct pathology with a
trend toward lower bacterial shedding (Figure 4). In C57BL/6
mice, an adoptively transferred clone was added to an endog-
enous immune response that effectively cleared C muridarum.
Others have shown, using doxycycline to interrupt infection-
dependent adaptive immunity maturation, that T cell-me-
diated protective immunity is functionally established by
postinfection on day 7 and B-cell immunity (antibody titers)

is established by day 10 [25]. The window for an adoptively
transferred monoepitope-specific T-cell clone to single-hand-
edly reduce bacterial shedding (a tall order) is in days 1 to 10
postinfection. Analysis of aggregate data from day 5 and 7 of
our 3 adoptive-transfer experiments revealed that the CD8 |
clone 8sAg-3 reduced bacterial shedding on day 5 (mean IFU/
swab 46 000 vs control 124 000 with P =.007) and day 7 (mean
IFU 8900 vs control 24 000 with P = .006).

Cytolytic Potential of 8sAg-3 and 8uvmo-2

Perforin-mediated cytolysis by Chlamydia-specific CD4 T cells
is detrimental to termination of Cm replicating in epithelial cells
[26]. In the setting of protective and nonprotective phenotypes
for 8sAg-3 and 8uvmo-2, respectively, we hypothesized that
8sAg-3 may be a noncytolytic CD8 T cell. Cytolytic assays with
infected epithelial cells are problematic due to their fragility. We
compared intrinsic cytolytic capacity using a redirected-lysis
assay, coating FcR-bearing P815 cells with anti-CD3 antibody
and measuring release of intracellular enzyme lactose dehy-
drogenase in a 4-hour assay (Figure 5). 8uvmo-2 had greater
intrinsic killing capacity than 8sAg-3. It is plausible that the re-
duced cytolytic capability of 8sAg-3 contributes to its protective
phenotype.

DISCUSSION

The murine response to Cm genital tract infection includes
Chlamydia-specific unrestricted CD8 T cells polarized to
IFN-y/IL-13 [14]. In this study, we document a CD8  tran-
scriptome and found that adoptive transfer of a CDs8 , clone
protected oviducts from immunopathology. Arguments
against nonspecific effects, in parallel a multifunctional Tcl
clone, did not enhance bacterial clearance or significantly alter
immunopathology. Those results profoundly upended our SSc-
based hypothesis that CD8, , were pathologic and multifunc-
tional Tcl cells were protective. Although it is not definitive,
CD8, |, seems to be protective in the context of Ct genital tract
infections.

The CD8 ,, transcriptome includes interesting biomarkers.
The cell surface protein mRNA that is most highly and
uniquely transcribed by CD8 , T cells is 1810011H11Rik, an
uncharacterized 95 amino acid (aa) protein with a predicted
signal sequence, transmembrane domain, and cytoplasmic do-
main, suggesting a signaling scaffold. 1810011H11RiK’s highly
conserved human homolog C100rf128 has been validated at the
protein level [27].

CD8 |, have unique TCRsignaling/activation pathways. T-cell
receptor activation of 8sAg-3 led to the production of IL-13 and
IL-5; 25%-30% of IL-13 was calcineurin independent based on
CsA resistance. The core transcriptome includes reduced Rsg2
and Gem [28, 29] with enhanced Amelx [30], genes associated
with proliferation, and the absence of mRNA for latexin (Ixn),
a negative regulator of T-cell proliferation [31]. At rest, CD8, |
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Figure 3. Adoptive transfer of T-cell clones maintained in transforming growth factor (TGF)B cultures. Medroxyprogesterone-treated C57BL/6 mice received phosphate-
buffered saline (control) or 1 million CD8 clone cells, 8uvmo-2 (Tc1) or 8sAg-3 (Cng)' 24 hours before vaginal challenge with 5 x 10% inclusion forming units (IFU) Chlamydia
muridarum. (A) Shedding as IFU/swab, percentage of mice shedding over time, and immunopathology score on day 56. Genital tracts from (B) control mice, (C) 8sAg-3 mice,
and (D) Buvmo-2 mice. White arrows indicate damage to uterine horn or hydrosalpinx. Data are from 2 independent experiments; number of mice = number of genital tracts.
Shedding was analyzed with Dunnett's test, and pathology was analyzed with Fisher's exact test; *, P<.05 and **, P<.005.

have enhanced Sla, a negative regulator of TCR signaling [32],
and Dclk3, a serine/threonine kinase of unknown function. Sla
has a 104aa cytoplasmic domain that may serve as a proximal
TCR SH3 and SH2 signaling scaffold to temper TCR activation.

The IL-13/IL-5/IFN-y cytokine polarization of the 2
chlamydia-specific CD8_, T-cell clones is not synonymous
with MHC class II restriction because HLA-E (class Ib)-
restricted IL-13/IL-5 T cells described in tuberculosis

patients have the same polarization pattern [33]. CD8 .
T cells were originally described in SSc. In SSc subjects,
but not healthy controls, CD8 T cells had elevated Gata3
mRNA and Gata3-dependent IL-13 production without
differences in T-bet [34]. In our CDSY13 resting and acti-
vated arrays, Gata3 mRNA was elevated in CD8 ; clones
(2.02-fold and 2.15-fold, P < .00001), without making the
arbitrary 3-fold cutoff for inclusion (see Table 1), whereas
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Figure 4. Adoptive transfer of T-cell clones maintained without transforming growth factor 3 in cultures. Medroxyprogesterone-treated C57BL/6 mice received phosphate-
buffered saline (control) or 1 million CD8 T-cell clones, 8uvmo-2 (Tc1) or 8sAg-3 (CD8Y13), 24 hours before vaginal challenge with 5 x 10%inclusion forming units (IFU) Chlamydia
muridarum. (A) Shedding by IFU/swab, percentage of mice shedding over time, and immunopathology scores on day 56. Genital tracts from (B) control mice, (C) 8sAg-3 mice,
and (D) 8uvmo-2 mice. White arrows indicate damage to uterine horn or hydrosalpinx. Data are from 1 experiment; number of mice = number of genital tracts. Shedding was
analyzed with Dunnett's test, and pathology was analyzed with Fisher's exact test; **, P<.005 and ***, P<.0005.

T-bet (Tbx21) was not significantly different (-1.19-fold;
not significant; rested) or slightly lower (-1.25-fold; P <
.0001; activated). Other investigators showed that TGFP1
increased Gata3-dependent IL-13 production by SSc T cells
[35], consistent with our finding that 8sAg-3 IL-13 produc-
tion was enhanced by TGFf1. The microarray data provide
preliminary insight into CD8 . differentiation with en-
hanced mRNA levels of mitogen-activated protein kinase

8 (Mapk8), a signaling molecule critical for natural Treg
differentiation into pathologic IL-13-secreting CD4 T cells
[36], and for myotubularin-related protein 7 (Mmtr7), a
lipid phosphatase that prevents ThO differentiation into
Th2 and Th17 [37]. The combination of Gata3 with en-
hanced Mmtr7/Mapk8 mRNA suggests an IL-13 polariza-
tion configuration that differs from the Gata3/Eomes/Flh2
pattern seen in chlamydia-specific CD4 |, T cells [21].
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Figure 5. Cytolytic capacity of 8uvmo-2 (Tc1) and 8sAg-3 (CDSM) were deter-
mined in a redirected lysis assay. A total of 10 000 CD8 clone cells was cocultured
with 10 000 P815 cells in the presence of anti-CD3 antibody for 4 hours. Lactate
dehydrogenase release from damaged P815 cells compared with P815 controls
without CD3 antibody and used to determine percentage-specific lysis. Single ex-
periment with quadruplicate wells. Student’s ¢ test analysis; ****, P<.00005.

Adoptively transferred CD8 . 8sAg-3 protected mice from
immunopathology. It is interesting to note that the more cyto-
lytic Tcl 8uvmo-2 did not facilitate clearance and trended to-
ward delaying it. We have shown that, with Chlamydia-specific
CD4 T cells, perforin-mediated killing is detrimental to Cm
termination in epithelial cells [26], and others have shown that
perforin-deficient mice clear infections with normal kinetics
[38]. Cervical CD8 T cells in women with prior Chlamydia in-
fection have low perforin levels, which possibly reflect an atten-
uated phenotype that balances microbial protection with fetal
tolerance [39]; however, perforin-low CD8 may be a protec-
tive T-cell phenotype. Cytolysis seems to be unhelpful due to
enhanced inflammation, reduced termination of intracellular
chlamydia, and/or killing of APC, particularly B cells [40], pos-
sibly delaying assembly of memory lymphocyte clusters an-
choring chlamydia-specific Trm [41].

CONCLUSIONS

We previously reported that unrestricted CD8 clones recog-
nized antigen-pulsed wild-type and K’D® knockout splenocytes
equally. In this report, at least 3 of those Chlamydia-specific
CD8 clones, including 2 of 2 CD8 ,, clones, were found to be
class II restricted. That result reasonably explains “uncomfort-
able” published data including the following: (1) MHC class II
knockout mice are unable to clear Cm genital tract infections,
but CD4 knockout mice clear infections with only a 1-week
delay [42], “consistent with class II-restricted CD8 T cells filling
the void”; (2) vaccine-generated trachoma protection in ma-
caques genetically maps to class II [43] but was shown to be
dependent on CD8 T cells by depletion [11], “consistent with

class II-restricted CD8”; and (3) the unrestricted CD8 pheno-
type based on framework antibodies against HLA class I, II,
and CD1 [12, 13] could not block unrestricted CD8 “because
CD8ap does not bind MHC class II, and class II-restricted
CDS8s are either coreceptor independent or use an unknown
coreceptor”. The MHC class II-restricted CD8 T cells are not
new. They are present in mixed lymphocyte reactions [44], they
recognize soluble antigen presented by antigen-specific B cells
[40], they are seen in viral infections [45, 46], and they may
be a principal driver of chronic transplant rejection [47, 48].
Human and mouse data support class II-restricted CD8 T cells,
including a CD8  subset, and play a role in protection and
immunopathology. They may have evolved under selective pres-
sure from intracellular pathogens that block or limit class I an-
tigen presentation (eg, chlamydia [49]) or diminish CD4 T-cell
numbers or impair their function (eg, human immunodefi-
ciency virus). A better understanding of them may provide new
insights into pathogenesis and vaccine development.

Supplementary Data

Supplementary materials are available at The Journal of Infectious
Diseases online. Consisting of data provided by the authors to
benefit the reader, the posted materials are not copyedited and
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.
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