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Breast cancer remains a leading cause of cancer-related death
within the female population. Inmunotherapy is expected to pro-
vide additional therapeutic benefits but has met so far limited suc-
cess. This may be due in part to the poor understanding of
immune responses to breast cancer. Although CD4* and CD8* T
lymphocytes infiltrate these tumors, the phenotype and functions
of these cells remain ill defined. This study was designed to investi-
gate further about these questions, taking advantage of multipara-
meter flow cytometry on lymphocytes derived from peripheral
blood, solid tumors, metastatic lymph nodes and pleural effusions
samples of patients with breast cancer. Results showed that, in
addition to conventional CD4" and CD8" af T cells, individual
tumors and most pleural effusions contained significant fractions
of unconventional double positive (DP) CD4*CD8* af T cells.
These DP T cells displayed the phenotype and cytotoxic potential
of effector/memory activated CD8" T cells but differed essentially
from these cells by a high production of IL-5 and IL-13. The
increased frequency of DP T cells in advanced breast cancer and
their high lytic potential and original cytokine profile suggest that
this T-cell subset may play a specific role in the regulation of
immune responses to human breast cancer.
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Breast cancer is the first leading cause of cancer death within
the female population, despite the fact that earlier diagnosis, con-
ventional treatment improvement and targeted treatment develop-
ment significantly increased its cure rate. Immunotherapy, includ-
ing antibody-based treatments, cancer vaccines and adoptive
transfer of selected or genetically modified tumor specific T cells
may offer an additional therapeutic benefit to some patients.' To
date, human breast cancer immunotherapy has not yet been devel-
oped successfully due in part to a limited understanding of the
functional impact of the immune system in this cancer. Most stud-
ies on breast cancer concurred to establish a predominance of T
cells and a paucity of B cells and NK cells among tumor associ-
ated lymphocytes (TAL).>” However, further characterization of
these T cells in term of phenotype, specificity and function
remains to be addressed and a possible correlation between TAL
amounts or quality and breast cancer prognosis.’

During the last decade, several nonconventional T-cell subsets
were discovered on the basis of their function and/or phenotype.
Among these, yd TCR expressing T cells and invariant NKT have
been partly characterized in human and mouse tumors, and in
some studies, a regulatory function could be ascribed to these sub-
populations.> ' Other human T-cell subsets have also been
described in several pathological conditions on the basis of the
coexpression of CD4 and CD8 [double positive (DP) T cells]'? or
of the lack of both markers [double negative (DN) T cells]."?
Although antitumor activity mediated by DN T cells has been
demonstrated,'*"> no study has reported the presence of DP T
cells in human cancer samples.

In the present study, we characterized the immune infiltrate in a
series of tumor tissues and in malignant effusions of patients with
breast cancers, compared the phenotype and functions of the dif-
ferent T-cell subsets and addressed their frequencies according to
the stage of cancer.
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Material and methods
Antibodies

The phenotype of cells was analyzed using monoclonal anti-
bodies (mAbs) in conjunction with two- or three-color immuno-
fluorescence. The mAbs used in this study include fluorescein
isothiocyanate (FITC)-, phycoerythrin (PE)-, allophycocyanin
(APC), peridin—chlorophyll-protein (PerCP) complex-conjugated
reagents against CD3 , CD56, CD45RO, CD45RA, CD28, CD27,
CD69, CCR7, CCR5, CD62L, CD25, CD152, cytotoxic T-lym-
phocyte antigen 4 (CTLA4), programmed death-1 (PD1), IFNvy,
IL-2, IL-4, IL-5, IL-13, GM-CSF, TNFa, perforin, granzyme B,
CD107a from BD Biosciences (Grenoble, France), CD4, CD8a,
CD8B, TCRaf, TCRYd, CD%4, CD161 (NKR-P1A), CD85j (ILT-
2), KIR2DL1, KIR2DL3, KIR3DL1/3DS1 from Beckman Coulter
(Roissy, France), NKG2A, NKG2C, NKG2D, GITR from R&D
(Lille, France).

Patients and specimens

Peripheral blood were collected from healthy donors (n = 11) and
from breast cancer patients (n = 27). Solid tumors (n = 15), invaded
lymph nodes (n = 5) and malignant pleural effusions (n = 16) were
collected from patients with breast cancer, all with formal consent.

Isolation of polyclonal cell populations (TIL, ILNL,
PLEL and PBMC)

Solid tumor fragments of primary tumor or tumor invaded
lymph node were mechanically disaggregated. The pleural effu-
sion was centrifuged to collect cells. TAL of various origins: tu-
mor infiltrating lymphocytes (TIL), tumor invaded lymph node
lymphocytes (ILNL) and pleural effusion lymphocytes (PLEL)
were isolated by culturing disaggregated tumor fragments or cells
of liquid tumor into 24-well tissue culture plates with RPMI 1640
(Sigma-Aldrich) containing 8% human serum (local production),
100 U/mL penicillin, 100 pg/mL streptomycin (Sigma-Aldrich),
2 mM L-glutamine (Sigma-Aldrich) and 150 U/mL rIL-2 (Euro-
cetus, Rueil-Malmaison, France) for 10 to 14 days. These popula-
tions were then expanded by a single round of stimulation with
phytohemagglutinin (PHA)-L (Sigma-Aldrich) in the presence of
irradiated feeder cells (allogeneic lymphocytes and B-Epstein
Barr virus B cells), as described.'® The expanded lymphocytes
were transferred into 6-well tissue culture plates with fresh me-
dium to maintain a cell density of 0.5 to 1.5 X 10° cell/mL.

Peripheral blood mononuclear cell (PBMC) were isolated from
blood by a Ficoll density gradient (Eurobio, Les Ulis, France).

Abbreviations: NKR, natural killer receptor; DP T cells, double positive
T cells; DN T cells, double negative T cells; TAL, tumor associated lym-
phocytes; TIL, tumor infiltrating lymphocytes; ILNL, invaded lymph node
lymphocytes; PLEL, pleural effusion lymphocytes.
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TABLE I - CYTOMETRY ANALYSIS OF T CELLS AND NON T CELL FRACTIONS AMONGST BREAST CANCER PATIENTS PBMC AND TAL AND HEALTHY
DONOR PBMC. DISTRIBUTION OF CD3" T CELLS SUBSETS BASED ON CD4, CD8, o TCR AND 3 TCR EXPRESSION WERE EVALUATED. RESULTS ARE
EXPRESSED AS MEDIAN FRACTION OF CELLS EXPRESSING THE MARKER * SD. SIGNIFICANT DIFFERENCES WERE EVALUATED BY COMPARISON WITH
SIMILAR CELL FRACTIONS AMONG BREAST CANCER PATIENT PBMC USING THE DUNNETT’S TEST

CD3 Positive Cells

Cell Origin af/yd TCR Expression CD4/CD8 Expression CD3 Negative Cells
aff TCR 3 TCR CD4™ CD8™ CD4" CD8™ CD4 CD8~
PBMC
Healthy Donors (n = 11) 70 =6 .52 46 =10 19.5=*=9 0.9 = 0.6 42+6 20+ 6
Breast Cancer Patients (n = 27) 75 %7 3+1.8 52=*65 21 =7 09 0.5 41*+23 21 =7
Breast Cancer
TIL (n = 15) 95 £ 12%* 4+12 60*x29 3529 1.8*+1.7 2.0 =x2.1 0.4 £ 1*#%*
ILNL (n = 5) 99 = %% 09 =1 48 + 35 46 £32 25=*32 28 £22 0 £ O**
PLEL (n = 16) 87 = 23* 8§ =20 39 %31 43 = 28 6 = 3.5%%* 7.6 =17 5.5 = 12%%*

*p < 0.05, *¥p < 0.01.

Immunofluorescence analysis

Cells (2 X 10°) were stained with isotype controls or with three
or four antibodies for 20 min at 4°C. Cells were then washed and
10° cells were acquired in the viable cells gate on a FACScalibur
flow cytometer using Cellquest software (Becton Dickinson, Gre-
noble, France).

Analysis of intracellular cytokines and lytic markers by
flow cytometry

Lymphocytes (2 X 10%) were stimulated by OKT3, 5 pg/mL
(Clinisciences), in 200 pL of RPMI 1640, 10% fetal calf serum
(FCS) in the presence of Brefeldin A, 10 pg/mL (Sigma, St. Louis,
MO) for cytokine analysis in round-bottom 96-well plates. The
cultures were incubated for 6 hr at 37°C in 5% CO, humidified
atmosphere. Cells were then stained at 4°C for 20 min, with anti-
CD4 and anti-CD8 Abs for extracellular staining. For intracyto-
plasmic staining, cells were washed two times in 0.1% phosphate-
buffered saline bovine serum albumin (PBS BSA), fixed 10 min at
room temperature in a solution of PBS 4% paraformaldehyde
(Sigma), washed again and stored at 4°C until labeling. Specific
mAbs (cytokines, granzyme or perforine) were added to fixed cells
and incubated for 30 min at room temperature.'” Reagent dilutions
and washes were made with PBS containing 0.1% BSA and 0.1%
iapomn (Sigma). After staining, cells were resuspended in PBS
and 10° events were analyzed on a FACScalibur cytometer using
Cell Quest Pro software. For analysis of lytic markers, TAL were
not stimulated.

TAL stimulation and analysis of surface CD107a by
flow cytometry

Lymphocytes (2 X 10%) were stimulated by OKT3 (5 pg/mL) in
200 pL of RPMI 1640, 10% FCS in round-bottom 96-well plates.
Anti-CD107a mAb was added during stimulation in each well.
The cultures were incubated for 4 hr at 37°C in 5% CO, humidi-
fied atmosphere. Cells were then stained at 4°C for 20 min with
anti-CD4 and anti-CD8 mAbs, washed two times in 0.1% PBS
BSA and analyzed on a FACScalibur cytometer using Cell Quest
Pro software.

Statistical analysis

Statistical analysis was done with InStat 2.01. Data were ana-
lyzed using Student—Newman—Keuls Multiple comparisons test or
using Dunnett’s test. p < 0.05 was considered significant.

Results
Predominance of af T cells among CD3™ human breast cancer
infiltrating cells

Intratumoral cell infiltrate was analyzed by immunofluorescent

staining and multicolor flow cytometry in solid tumors (n = 15),
tumor invaded lymph nodes (n = 5) and pleural effusion (n = 16)

samples from breast cancer patients. To get a number of TAL suf-
ficient for extensive phenotypic analysis, a single expansion of
these cells was done using PHA and feeder cells. For comparison
purposes, a similar phenotypic analysis was performed on fresh
PBMC derived from healthy donors (n = 11) and from breast can-
cer patients (n = 27). The frequencies of af3 and yd T cells were
similar in PBMC derived from the blood healthy donors and
patients (approximately 72 and 2%, respectively). As expected,
most TAL populations obtained after in vitro expansion consisted
of a majority of CD3 positive T cells with a fraction often exceed-
ing 95% (Table I). Among CD3™ T cells, the a3 T cells were pre-
dominant whereas the ¥y T cells accounted for only small frac-
tion. The relatively high (8%) median frequency of yd T cells
observed in pleural effusion lymphocytes (PLEL) was overvalued
because of 1 out of the 16 PLEL samples analyzed containing an
exceptionally high fraction (82%) of these cells (data not shown).
Therefore, with this exception, no significant difference in the fre-
quency of aff and yd T cells has been observed between TAL
from different tumor sites.

Increased frequency of double positive CD4+CDS8™ T cells in
human breast pleural effusions

To further characterize these TAL and to look for the presence
or altered proportions of particular T cell subsets, we analyzed the
frequencies of single positive (SP) CD4", SP CD8", DP
CD4*CD8" and DN CD4 CD8™ T cells by three-color staining
(Fig. 1la and Table I). As shown on Table I, frequencies of SP
CD4" and CD8™ T cells were similar in ILNL and PLEL whereas
the CD4™" subset seemed higher in TIL. The CD4" to CD8™" ratio
in TIL, ILNL and PLEL was respectively 1.5, 1 and 0.9. None of
these ratios was significantly different from those in control
PBMC.

Significant fractions of DN and DP CD3™ T cells were also
observed (Table I and Fig. 1a). In most cases, the fractions of
CD3" DN T cells corresponded to the y3 T cells (data not shown).
However, in few samples the frequency of CD3" DN T cells was
higher than that of yd T cells, suggesting the existence of a3 DN
T cells. Overall, y8 T cells and DN af3 T cells are not over repre-
sented in breast cancer tumor samples, whatever the origin,
compared with PBMC. We also excluded that these DN T cells
could be invariant NKT cells'® by the absence of labeling with a
specific Va24 antibody on the whole populations (data not
shown).

Median fractions of DP T cells represented 1.8% of TIL, 2.5%
of ILN and 6% of PLEL (Table I). These fractions seemed signifi-
cantly different from those found in healthy donor or patient
PBMC (mean % + 2SD = 2%), in 7 out of 15 TIL, 1 out of 5
ILNL and 15 out of 16 PLEL. Representative results showed that
these DP T cells were predominantly TCRap CD4°*CDg"&" T
cells (Fig. 1a) and expressed a CD8af3 coreceptor (data not
shown). Statistical analysis showed that only pleural effusions
overall contain significantly higher fractions of unconventional
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AS14 7 7
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AS16 10 8
Mean +/- SD 7.2 +/- 2.1 8.3 +/-2.2

FiGure 1 — Presence of DP T cells in PLEL derived from human breast cancer. (a) Surface expression of CD4 and CD8 on CD3" PLEL.
Lymphocytes were analyzed after in vitro expansion by staining with mAb to CD3-APC, CD4-FITC, and CDS8-PE and analyzed by flow cytome-
try. Panels show representative dot plots of CD4/CD8 expression on gated CD3 ™ cells from three patients. (b, ¢) Impact of PHA-induced expan-
sion on the relative frequency of DP T cells among CD3 " PLEL. PLEL derived from pleural effusions of 12 breast cancer patients were
analyzed freshly or after a short culture with PHA. The percentages of the four CD3 " T cell subsets based on CD4 and CD8 expression are
represented on the pie chart (b). The percentages of DP T cells in the 12 samples tested are indicated in the table (c). [Color figure can be viewed

in the online issue, which is available at www.interscience.wiley.com.]

DP T cells (range from 1.9 to 16%) compared with blood (range
from 0 to 2.5%).

Prior to attempting a more extensive undertaking, we wanted to
ascertain whether increased DP fractions were really present in the
original material to exclude that it might represent a culture arti-
fact. Thus, we looked for the presence of DP T cells directly ex
vivo in the PLEL of 12 patients. As shown in Figures 1b and lc,
freshly isolated PLEL contained percentages of DP similar to those
observed after expansion (7.2 vs. 8.3%, respectively). The unique
alteration observed before and after expansion was a decrease in
the ratio of SP CD4™ to SP CD8* T cells going from 2.4 to 1, dem-
onstrating a preferential in vitro expansion of CD8 T cells.

As in vitro manipulations did not alter the frequency of DP T-
cell subpopulations, we then investigated whether the presence of
these nonconventional cells varied with tumor stage. Using the
AJCC classification for breast cancer based on TNM criteria, 3/34
patients were classified as stage I, 9/34 as stage II, 6/34 as stage
IIT and 16/34 as stage IV. We analyzed the frequency of DP cells
among TAL from tumors (n = 14; 3 stage I, 7 stage 1l and 4 stage
III), from invaded lymph nodes (n = 5; 3 stage II and 2 stage III)
and from pleural effusions (n = 16; all stage IV) from these 36
breast cancer patients (Fig. 2). Percentages of DP cells in pleural
effusions from stage IV patients were statistically higher com-
pared with invaded lymph nodes (p < 0.05) and even more when
compared with tumors (p < 0.01). Furthermore, we showed a

trend towards a higher percentage of DP T cells among TIL
extracted from stage IIB patients in comparison with stage IIA
patients (data not shown). Similar differences were observed
between stages IIIB and IIIA patients.

In conclusion, breast tumor associated lymphocytes often contain
significant fractions of nonconventional a3 DP T cells and the
enrichment of this subset seems to correlate with tumor progression.

Phenotypic analysis of DP T cells derived from TAL

To address the potential role of DP PLEL, we performed an
extensive phenotypic and functional analysis of these cells in com-
parison with SP PLEL. Six CD3" PLEL populations were ana-
lyzed for the expression of various T and NK cell markers, in
association with the expression of CD4 and CDS8 coreceptors.
Fractions of DP and SP CD8" or CD4" T cells expressing these
markers were summarized in Figure 3. Overall, the DP T-cell phe-
notype did not clearly differ from that of SP CD4 and CD8 T cells.
DP T cells coexpressed high levels of CD45RO and low levels of
CD45RA (Fig. 3 and data not shown). Forty and sixty % of DP T
cells further expressed the activation markers CD25 and CD69,
respectively. The majority of DP T cells expressed CD28, about
one-third of them expressed CD27 and 20% expressed CD62L.
Otherwise, similarly with SP T cells, most DP PLEL lacked gluco-
corticoid-induced tumor necrosis factor receptor family-related
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gene (GITR), the lymph node-homing markers CCRS and CCR7
and the negative regulatory receptors PD1 and CTLA-4.

Expression of NK receptors belonging to the immunoglobulin
superfamily [KIR2DL1, KIR2DL3, KIR3DL1/3DS1, ILT-2 (Im-
munoglobulin-like Receptor 2)] and to the C-type lectin contain-
ing family (CD94, NKG2 members and NKR-P1A) was also
examined in the three subpopulations. DP and SP CDS8 popula-
tions showed a similar pattern of NKR expression, with low frac-
tions of cells expressing ILT-2 (<10%), CD9%4 (<5%), NKG2-A
(<5%) and NKR-P1A (15-20%) and high fractions of cells
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FiGure 2 — DP cells frequency in breast cancer patients. TIL (n =
14), ILNL (n = 5) and PLEL (n = 16) from cancer patients at differ-
ent stages were analyzed after in vitro expansion by three-color flow
cytometry using antibodies specific for CD3, CD4 and CD8. Percent-
age of DP cells on gated CD3 cells in each sample was examined and
mean values (horizontal lines) are presented. *p < 0.05; **p < 0.01
by Student-Newman—Keuls Multiple Comparisons test were men-
tioned.
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(approximately 50%) expressing NKG2-D. As expected, with the
exception of NKR-P1A (mean value 25%), NK receptors were not
expressed by the SP CD4 population. Therefore, overall DP PLEL
exhibits a phenotype extremely similar to that of SP CD8 PLEL.

Functional analysis of DP T cells derived from TAL

We then analyzed by flow cytometry the lytic capacity and the
cytokine secretion profile of DP T cells derived from solid tumors
(n = 4) and from pleural effusions (n = 5) compared with SP
CD4" and CD8™" T cells. Because results did not differ as a func-
tion of the TAL origin, data were pooled in Table II.

The cytolytic potential was estimated by measuring intracellular
stores of granzyme and Eerforin and CD107a exocytosis upon
stimulation by anti-CD3."” In these conditions, fractions of DP T
cells as high as those of SP CD8* T cells expressed granzyme and
perforine and surface CD107a. In comparison, SP CD4 " T cells
were nearly negative.

The cytokines profiles of the TAL subsets were determined by
intracellular cytokines labeling (Table II). Mean fractions of TAL
subsets secreting TNF-a, IFN-y and GM-CSF were similar (58,
43 and 36%). In contrast, the percentages of IL-2, IL-4, IL-5 and
IL-13 secreting cells were statistically higher among DP cells than
among SP cells. This was especially clear for IL-5 and IL-13 (p <
0.01) with respectively a mean of 25 and 63% of DP T cells
secreting these cytokines whereas these percentages did not
exceed 8 and 40% in the SP subpopulations. Therefore, DP T cells
have a lytic potential as high as SP CD8 TAL and exhibit a higher
capacity to produce most cytokines especially IL-5 and IL-13.

Discussion

This study reports for the first time increased frequencies of the
unconventional DP CD4"CD8" ap T cell subset among breast
cancer TAL.

In the majority of breast cancer samples, we documented, in
addition to the classical a3 T cells, the presence of unconven-
tional T-cell subsets, such as yd, DN and DP T cells. The presence
of infiltrating yd T cells has already been reported in various types
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Ficure 3 — Phenotypic characterization of CD4/CD8 T lymphocyte subsets. The mean percentage of cells with the indicated marker is shown

for each subpopulation of six TAL. Error bars indicate SD.
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TABLE II - COMPARISON OF FUNCTIONAL ACTIVITIES OF DP T CELLS
WITH THAT OF SP SUBPOPULATIONS BY FACS ANALYSIS

DP CD4 CD8
Cytokine Production’
TNF-a 66 + 22 58 24 65 + 20
IFN-y 52 + 34 36 + 34 49 + 39
IL-2 39 =17 20 = 14%* 23+ 13
IL-4 38+ 13 23 + 13%* 24 + 14
IL-5 25+ 16 6 = 6%* 8 = g+
IL-13 63 =11 37 x 14%* 40 + 13%*
GM-CSF 47 £ 18 3714 33+ 14
Lytic Potential®
Perforin 59 =33 8 x TF* 51 31
Granzyme 73 £23 47 £ 35 71 £24
CD107a 37 =25 5 & 3wk 26 = 18

"For cytokine production analysis, data are expressed as mean % of
intracellular cytokine secreting cells in response to anti-CD3 stimula-
tion (n = 9).—For expression of intracellular cytotoxic mediators,
TAL populations were fixed, permeabilized and stained for perforin
and granzyme. For detection of T cell degranulation, TAL populations
were analyzed for CD107a mobilization following polyclonal stimula-
tion. Data are expressed as mean % of marker positive cells (n = 4).
Significance increase of cytokines production or lytic potential by DP
T cells was evaluated by Dunnett’s test.

*p < 0.05; **p < 0.01.

of cancer® with a potent cytotoxic antitumor effector activity.?*>?
On the contrary, in a recent study, a suppressor role has been
attributed to a yd1 T-cell population among lymphocytes infiltrat-
ing breast tumors.'® The fraction of yd T cells that we found in
breast cancers and effusions was highly variable, with a given
effusion containing approximately 70% of these cells. Neverthe-
less, on average the fraction of these cells remained low and not
significantly different from that present in healthy donor or patient
PBMC. Multiparametric cytometry analysis further showed that
DN TAL essentially corresponded to yd T lymphocytes whereas
all DP T cells were a3 T cells.

Nonconventional DP CD4"CD8"af T cells were found
enriched in individual breast cancer TAL and systematically in
PLEL. We showed that the fraction of this subpopulation was very
low in PBMC derived from healthy donors or patients (whatever
the stage of the cancer). Consequently, our data support the accu-
mulation of DP T cells in metastatic pleural effusions of patients
with breast cancer but not in circulating blood. We also docu-
mented that the fractions of these cells were statistically higher in
pleural effusions (i.e. stage IV) compared with invaded lymph
nodes (p < 0.05) and solid tumors from stages I to III patients (p
< 0.01). In addition, based on TNM classification, stage B tumors
(>5 cm) contained more DP T cells than stage A tumors (<5 cm),
suggesting, together with the highest enrichment in stage IV
PLEL, that these cells progressively accumulated in tumor sam-
ples during cancer progression. Although DP T cells have never
been described in human cancers, several investigators have
reported their presence in small amount in circulating blood of
healthy individuals.>>** Their frequency is considerably increased
in some autoimmune®~* and infectious diseases.?**"

DP T cells seem in fact to represent diverse subpopulations. At
least three subsets of DP T cells can be distinguished on the basis
of their level of CD4 and CDS expression and by the expression of
CD8 aae homodimer or o3 heterodimer.'>*' The DP T cells that
we observed in breast tumor samples were predominantly
CD4"°%CD8"e" and CD8«. This profile differentiates them from
the CD4™E"CDS'™ DP T cells described in Hodgkin lymphoma,’!
Kawasaki disease®” and in intestinal inflammatory bowel disease®
and from intestinal DP T cells because these cells express the
CD8aoe homodimer.

Overall, DP T cells and SP CD8™ T cells infiltrating breast can-
cer samples had an identical phenotype. This phenotype indicates
that DP T cells are at a stage intermediate between central and
effector memory (CD45RA'°¥CD45RO"€"CD62L " CCR7~
CD27"/7CD287) according to Klebanoff er al.** Higher fractions

DESFRANCOIS ET AL.

of DP than of SP T cells, however, expressed CD25 and CD69.
This suggests that DP T cells either are activated more strongly or
downregulate activation more slowly than SP T cells.

Finally, NK receptors expression by DP T cells did not differ
them from SP T cells. NK receptors can be expressed by T lym-
phocytes and this expression may regulate their effector func-
tions.>>*® About half DP T cells express the NKG2D receptor,
already shown to be constitutively expressed and to function as
costimulatory by most cytotoxic cells both CD8" T cells and
NK.*7* About 20% of DP T cells expressed also the C-type lectin
receptor NKR-P1A (CD161), for which a differential regulation of
NK and T cell functions has been reported.’**° Interestingly,
CD4"CD161" T cells have been shown enriched in cancer
patients which we also observed in this study and, a regulatory
role could be ascribed to these cells.*' Finally, the two inhibitory
receptors ILT2 and CD94-NKG2A were expressed by similar low
fractions of DP T cells and SP CD8* T cells. A contribution of
these receptors in limiting tumor specific T-cell responses by TIL
has been documented in various tumors, especially for ILT2, in
breast tumors.**~**

Of interest, it has been shown that DP T cells play an important
regulatory role in inflammatory bowel disease®® and may contrib-
ute to the adaptative immune response during viral infections.*’
However, little is known regarding their function in cancer, except
for one study describing the capacity of DP T cells infiltrating a
cutaneous T-cell lymphoma to exert a tumor-specific HLA Class I
restricted lysis.*® In agreement with what was observed for intesti-
nal DP T cells, breast tumor associated DP T cells have an overall
higher capacity to produce cytokines than SP T cells.*”*® Upon
CD3 activation, high fractions of DP T cells produced, in a
decreasing order, TNF-«, IL-13, IFN-y, GM-CSF, IL-2, IL-4 and
IL-5. A statistical analysis revealed that the percentages were
clearly higher among SP T cells for IL-5 and IL-13 (p < 0.01)
and, in a lower range, for IL-2 and IL-4. IL-5 is best known as a
Th2 cytokine involved in eosinophil maturation and function and
in B cell growth and antibody production. A role of this cytokine
in the induction of cytotoxic T lymphocytes in vivo has also been
described.*” IL-13 is a Th2 cytokine with similar biological activ-
ity to IL-4. Recent studies showed a role of IL-13 in negative reg-
ulation of the immune response adgainst tumors and a direct effect
on the growth of tumor cells.**>” A fraction of human NKT has
also been shown to secrete high amounts of IL-5 and IL-13.'830-3!
Therefore, secretion of these two cytokines by DP TAL suggest
that these cells might play, at the effector level, roles similar to
those of NKT. Nonetheless, DP and NKT likely have different
ligands because DP do not express the NKT invariant TCR
Va24 and in addition lack CD56. Breast tumor associated DP
described here were also characterized by a very high cytotoxic
potential.

In conclusion, this is to our knowledge, the first report about the
presence of significant fractions of DP T cells in human tumors.
The potential role of these cells in advanced breast tumors remains
to be addressed. Present results showed that DP TAL display high
lytic potential and high cytokine production ability, especially IL-
5 and IL-13. Because the increase of DP TAL is observed in
advanced breast cancer, it can be speculated that these cells might
play a significant role in regulating immune responses to human
breast cancer.

Acknowledgements

We sincerely thank Dr. M. Campone (Regional Cancer Center,
Nantes, France), Dr. Thierry Lesimple (Regional Cancer Center,
Rennes, France) and Pr. Jean Leveque (CHU, Rennes, France) for
providing the tumor samples. Juliette Desfrancois was recipient of
fellowship awarded by the “Institut National du Cancer”, Laurent
Derré by the “Ligue Départementale de Loire Atlantique contre le
Cancer” and Murielle Corvaisier by the “Association de Recher-
che contre le Cancer”.



10.

11.

15.
16.

18.

19.
20.

21.

22.

23.

24.

25.

CD4CD8 DOUBLE POSITIVE T CELLS IN BREAST CANCERS

References

Zhou J, Zhong Y. Breast cancer immunotherapy. Cell Mol Immunol
2004;1:247-55.

Georgiannos SN, Renaut A, Goode AW, Sheaff M. The immunophe-
notype and activation status of the lymphocytic infiltrate in human
breast cancers, the role of the major histocompatibility complex in
cell-mediated immune mechanisms, and their association with prog-
nostic indicators. Surgery 2003;134:827-34.

Kuroda H, Tamaru J, Sakamoto G, Ohnisi K, Itoyama S. Immunophe-
notype of lymphocytic infiltration in medullary carcinoma of the
breast. Virchows Arch 2005;446:10—4.

Parmiani G. Tumor-infiltrating T cells—friend or foe of neoplastic
cells? N Engl J Med 2005;353:2640-1.

Macchetti AH, Marana HR, Silva JS, de Andrade JM, Ribeiro-Silva
A, Bighetti S. Tumor-infiltrating CD4+ T lymphocytes in early
breast cancer reflect lymph node involvement. Clinics 2006;61:
203-8.

Schwartzentruber DJ, Solomon D, Rosenberg SA, Topalian SL. Char-
acterization of lymphocytes infiltrating human breast cancer: specific
immune reactivity detected by measuring cytokine secretion.
J Immunother 1992;12:1-12.

Wong PY, Staren ED, Tereshkova N, Braun DP. Functional analysis
of tumor-infiltrating leukocytes in breast cancer patients. J Surg Res
1998;76:95-103.

Kabelitz D, Wesch D, He W. Perspectives of gammadelta T cells in
tumor immunology. Cancer Res 2007;67:5-8.

Osada T, Morse MA, Lyerly HK, Clay TM. Ex vivo expanded human
CD4+ regulatory NKT cells suppress expansion of tumor antigen-
specific CTLs. Int Immunol 2005;17:1143-55.

Peng G, Wang HY, Peng W, Kiniwa Y, Seo KH, Wang RF. Tumor-
infiltrating gammadelta T cells suppress T and dendritic cell function
via mechanisms controlled by a unique toll-like receptor signaling
pathway. Immunity 2007;27:334-48.

Smyth MJ, Crowe NY, Hayakawa Y, Takeda K, Yagita H, Godfrey
DI. NKT cells—conductors of tumor immunity? Curr Opin Immunol
2002;14:165-71.

Parel Y, Chizzolini C. CD4+ CD8+ double positive (DP) T cells in
health and disease. Autoimmun Rev 2004;3:215-20.

Zhang ZX, Yang L, Young KJ, DuTemple B, Zhang L. Identification
of a previously unknown antigen-specific regulatory T cell and its
mechanism of suppression. Nat Med 2000;6:782-9.

Fischer K, Voelkl S, Heymann J, Przybylski GK, Mondal K, Laumer
M, Kunz-Schughart L, Schmidt CA, Andreesen R, Mackensen A. Iso-
lation and characterization of human antigen-specific TCR alpha
beta+ CD4(-)CDS8- double-negative regulatory T cells. Blood 2005;
105:2828-35.

Young KJ, Kay LS, Phillips MJ, Zhang L. Antitumor activity medi-
ated by double-negative T cells. Cancer Res 2003;63:8014-21.
Jotereau F, Pandolfino MC, Boudart D, Diez E, Dreno B, Douillard
JY, Muller JY, LeMevel B. High-fold expansion of human cytotoxic
T-lymphocytes specific for autologous melanoma cells for use in
immunotherapy. J Immunother 1991;10:405-11.

Jung T, Schauer U, Heusser C, Neumann C, Rieger C. Detection of in-
tracellular cytokines by flow cytometry. J Immunol Methods
1993;159:197-207.

Berzofsky JA, Terabe M. A novel immunoregulatory axis of NKT
cell subsets regulating tumor immunity. Cancer Immunol Immunother
2008;57:1679-83.

Betts MR, Koup RA. Detection of T-cell degranulation: CD107a and
b. Methods Cell Biol 2004;75:497-512.

Choudhary A, Kurt RA, Goret F, Moreau A, Diez E, Urba WJ, Joter-
eau F, Pourcel C. Mutated cytochrome b as a determinant of a new
monoclonal antibody (H8.98) on renal carcinoma cell lines recog-
nized by a Vgamma3Vdeltal(+) T-cell clone. Int J Cancer 1999;
82:562-8.

Corvaisier M, Moreau-Aubry A, Diez E, Bennouna J, Mosnier JF,
Scotet E, Bonneville M, Jotereau F. V gamma 9V delta 2 T cell
response to colon carcinoma cells. J Immunol 2005;175:5481-8.

Viey E, Laplace C, Escudier B. Peripheral gammadelta T-lympho-
cytes as an innovative tool in immunotherapy for metastatic renal cell
carcinoma. Expert Rev Anticancer Ther 2005;5:973-86.

Colombatti A, Doliana R, Schiappacassi M, Argentini C, Tonutti E,
Feruglio C, Sala P. Age-related persistent clonal expansions of
CD28(-) cells: phenotypic and molecular TCR analysis reveals both
CD4(+) and CD4(+)CD8(+) cells with identical CDR3 sequences.
Clin Immunol Immunopathol 1998;89:61-70.

Sala P, Tonutti E, Feruglio C, Florian F, Colombatti A. Persistent
expansions of CD4+ CD8+ peripheral blood T cells. Blood 1993;82:
1546-52.

Berrih S, London J, Bonavida B, Bach JF. Detection and characteriza-
tion of lymphocytes bearing receptors for peanut agglutinin by a spe-
cific rosetting technique. J Immunol Methods 1981;41:235-45.

26.

217.

28.

29.

31.

32.
33.

34.

39.

40.

41.

42.

43.

44,

45.

46.

379

De Maria A, Malnati M, Moretta A, Pende D, Bottino C, Casorati G,
Cottafava F, Melioli G, Mingari MC, Migone N, et al. CD3+4-8-
WT31-(T cell receptor gamma-+) cells and other unusual phenotypes
are frequently detected among spontaneously interleukin 2-responsive
T lymphocytes present in the joint fluid in juvenile rheumatoid arthri-
tis. A clonal analysis. Eur J Immunol 1987;17:1815-9.

Mizutani H, Katagiri S, Uejima K, Ohnishi M, Tamaki T, Kanayama
Y, Tsubakio T, Kurata Y, Yonezawa T, Tarui S. T-cell abnormalities
in patients with idiopathic thrombocytopenic purpura: the presence of
OKT4+8+ cells. Scand J Haematol 1985;35:233-9.

Munschauer FE, Stewart C, Jacobs L, Kaba S, Ghorishi Z, Greenberg
SJ, Cookfair D. Circulating CD3+ CD4+ CD8+ T lymphocytes in
multiple sclerosis. J Clin Immunol 1993;13:113-8.

Ortolani C, Forti E, Radin E, Cibin R, Cossarizza A. Cytofluorimetric
identification of two populations of double positive (CD4+,CD8+) T
lymphocytes in human peripheral blood. Biochem Biophys Res Com-
mun 1993;191:601-9.

. Weiss L, Roux A, Garcia S, Demouchy C, Haeffner-Cavaillon N,

Kazatchkine MD, Gougeon ML. Persistent expansion, in a human im-
munodeficiency virus-infected person, of V beta-restricted CD4+
CD8+ T lymphocytes that express cytotoxicity-associated molecules
and are committed to produce interferon-gamma and tumor necrosis
factor-alpha. J Infect Dis 1998;178:1158-62.

Rahemtullah A, Reichard KK, Preffer FI, Harris NL, Hasserjian RP.
A double-positive CD4+CD8+ T-cell population is commonly found
in nodular lymphocyte predominant Hodgkin lymphoma. Am J Clin
Pathol 2006;126:805-14.

Hirao J, Sugita K. Circulating CD4+CD8+ T lymphocytes in patients
with Kawasaki disease. Clin Exp Immunol 1998;111:397-401.

Das G, Augustine MM, Das J, Bottomly K, Ray P, Ray A. An impor-
tant regulatory role for CD4+CDS alpha alpha T cells in the intestinal
epithelial layer in the prevention of inflammatory bowel disease. Proc
Natl Acad Sci USA 2003;100:5324-9.

Klebanoff CA, Gattinoni L, Restifo NP. CD8+ T-cell memory in tu-
mor immunology and immunotherapy. Immunol Rev 2006;211:214—
24.

. Mingari MC, Pietra G, Moretta L. Human cytolytic T lymphocytes

expressing HLA class-I-specific inhibitory receptors. Curr Opin
Immunol 2005;17:312-9.

. Vivier E, Anfossi N. Inhibitory NK-cell receptors on T cells: witness

of the past, actors of the future. Nat Rev Immunol 2004;4:190-8.

. Bauer S, Groh V, Wu J, Steinle A, Phillips JH, Lanier LL, Spies T.

Activation of NK cells and T cells by NKG2D, a receptor for stress-
inducible MICA. Science 1999;285:727-9.

. Snyder MR, Weyand CM, Goronzy JJ. The double life of NK recep-

tors: stimulation or co-stimulation? Trends Immunol 2004;25:25—
32.

Aldemir H, Prod’homme V, Dumaurier MJ, Retiere C, Poupon G,
Cazareth J, Bihl F, Braud VM. Cutting edge: lectin-like transcript 1 is
a ligand for the CD161 receptor. J Immunol 2005;175:7791-5.

Rosen DB, Bettadapura J, Alsharifi M, Mathew PA, Warren HS,
Lanier LL. Cutting edge: lectin-like transcript-1 is a ligand for the
inhibitory human NKR-P1A receptor. J Immunol 2005;175:7796—
9.

Tliopoulou EG, Karamouzis MV, Missitzis I, Ardavanis A, Sotiriadou
NN, Baxevanis CN, Rigatos G, Papamichail M, Perez SA. Increased
frequency of CD4+ cells expressing CD161 in cancer patients. Clin
Cancer Res 2006;12:6901-9.

Lefebvre S, Antoine M, Uzan S, McMaster M, Dausset J, Carosella
ED, Paul P. Specific activation of the non-classical class I histocom-
patibility HLA-G antigen and expression of the ILT?2 inhibitory recep-
tor in human breast cancer. J Pathol 2002;196:266-74.

Malmberg KJ, Levitsky V, Norell H, de Matos CT, Carlsten M,
Schedvins K, Rabbani H, Moretta A, Soderstrom K, Levitskaya J,
Kiessling R. IFN-gamma protects short-term ovarian carcinoma cell
lines from CTL lysis via a CD94/NKG2A-dependent mechanism.
J Clin Invest 2002;110:1515-23.

Speiser DE, Valmori D, Rimoldi D, Pittet MJ, Lienard D, Cerun-
dolo V, MacDonald HR, Cerottini JC, Romero P. CD28-negative
cytolytic effector T cells frequently express NK receptors and are
present at variable proportions in circulating lymphocytes from
healthy donors and melanoma patients. Eur J Immunol 1999;29:
1990-9.

Nascimbeni M, Shin EC, Chiriboga L, Kleiner DE, Rehermann B. Pe-
ripheral CD4(+)CDS8(+) T cells are differentiated effector memory
cells with antiviral functions. Blood 2004;104:478-86.

Bagot M, Echchakir H, Mami-Chouaib F, Delfau-Larue MH,
Charue D, Bernheim A, Chouaib S, Boumsell L, Bensussan A. Iso-
lation of tumor-specific cytotoxic CD4+ and CD4+CD8dim+ T-
cell clones infiltrating a cutaneous T-cell lymphoma. Blood 1998;
91:4331-41.



380
47.

48.

49.

DESFRANCOIS ET AL.

Apostolopoulos V, McKenzie IF, Lees C, Matthaei KI, Young IG. A
role for IL-5 in the induction of cytotoxic T lymphocytes in vivo. Eur
J Immunol 2000;30:1733-9.

Pahar B, Lackner AA, Veazey RS. Intestinal double-positive
CD4+CD8+ T cells are highly activated memory cells with an
increased capacity to produce cytokines. Eur J Immunol 2006;36:
583-92.

Terabe M, Matsui S, Noben-Trauth N, Chen H, Watson C, Donaldson
DD, Carbone DP, Paul WE, Berzofsky JA. NKT cell-mediated repres-

50.

51.

sion of tumor immunosurveillance by IL-13 and the IL-4R-STAT6
pathway. Nat Immunol 2000;1:515-20.

Terabe M, Park JM, Berzofsky JA. Role of IL-13 in regulation of
anti-tumor immunity and tumor growth. Cancer Immunol Immunother
2004;53:79-85.

Sakuishi K, Oki S, Araki M, Porcelli SA, Miyake S, Yamamura T.
Invariant NKT cells biased for IL-5 production act as crucial regula-
tors of inflammation. J Immunol 2007;179:3452-62.



