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Summary. T lymphocytes were isolated from tumor biop-
sies in 13 patients with breast carcinomas. Immunohisto-
logy with monoclonal antibodies confirmed the presence
of mononuclear cell infiltrates composed primarily of T
lymphocytes in all tumors studied. While the proportion of
T lymphocytes expressing the T4 or the T8 surface marker
varied from tumor to tumor as determined by morphomet-
ric analysis, T8 + cells were more numerous than T4+
cells in 8/12 breast tumors studied. Relatively few T cells
(<10% in 11/12 tumors) were in an activated state as
judged by the surface expression of HLA-DR antigens or
the receptor for interleukin-2 (IL-2). In 1 case 20% of the
infiltrating mononuclear cells were expressing the I1L-2 re-
ceptor. The tumor infiltrating lymphocytes (TIL) re-
covered from 10 tumors were cloned in a microculture sys-
tem that permits proliferation of nearly 100% of normal
peripheral blood T lymphocytes (PBL-T). In contrast to
normal and autologous PBL-T, frequencies of proliferat-
ing T lymphocyte precursors (PTL-P) were depressed
(<0.01) in 7/10 TIL preparations indicating a decreased
responsiveness of TIL to phytohemagglutinin at the single-
cell level. The frequency of PTL-P was noticeably higher
in 2 cases (0.03 and 0.09) and close to normal in 1 case
0.39).

( A) total of 170 clones were expanded in vitro and ana-
lyzed for different functional capabilities. Most of these
clones expressed the T4+ /T8-phenotype (73%) and stri-
kingly 53% of these T4+ /T8 — clones were cytolytic in a
lectin-dependent assay, a functional subset which is un-
common among normal PBL-T. Some clones (10%) lysed
allogeneic breast tumor cells (MCF7). Only 15% of the
clones displayed natural killer activity. Among the cytolyt-
ic clones, 17 of 31 tested were also IL-2 producers irrespec-
tive of the T4 or T8 phenotype. Our results show that hu-
man mammary carcinomas contain many infiltrating T
cells with cytolytic potential. Interestingly, among the pro-
liferating cytolytic T cell clones (56% of the microcultures),
many expressed the T4+ /T8 — phenotype. These findings
may indicate that the in situ cytolytic reaction (against un-
known antigens) is associated preferentially with class II
antigens.
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Introduction

Patients with breast cancer have been reported to have im-
pairments in cell-mediated immunity [16, 17, 21, 22, 33]. In
general, however, quantitative and functional abnormali-
tites of peripheral blood lymphocytes (PBL) that have
been reported bear no relationship to the extent of disease
present, prognosis, or response to therapy. Many mam-
mary carcinomas are infiltrated by mononuclear cells, and
the presence of these infiltrates has been interpreted as a
favorable prognostic sign {9, 11]. In other studies, however,
the prognostic significance of tumor infiltrates could not
be confirmed [6]. Immunohistology with monoclonal an-
tibodies (MoAbs) specific for the surface antigens on leu-
kocytes indicated that the mononuclear cell infiltrates
present in human breast tumors are composed primarily of
T lymphocytes [2, 13, 31]. Others have reported a distinct
preponderance of monocytes/macrophages among the
leukocytes infiltrating the tumor stroma [10].

Little is known about functional properties of breast
tumor-infiltrating lymphocytes (TIL), and their precise an-
titumor role is not at all understood. Difficulties associated
with analysis of cytolytic effector functions in the TIL
populations may relate to insufficient cell numbers, to low
frequencies of effector cells in populations analyzed, or to
the presence of putative inhibitory factors released by tu-
mor and/or other cells.

In this report, we isolated mononuclear cells resident
in human breast tumors by enzyme dispersion (as de-
scribed previously by Vose et al. [36]) and studied TIL in a
limiting-dilution assay. This assay allows the determina-
tion of the frequency of proliferating T lymphocyte pre-
cursors (PTL-P) and the clonal expansion of nearly every
normal resting peripheral T lymphocyte [27]. Moreover T
cell clones obtained from TIL were subjected to clonal an-
alysis in order to delineate some of the functional proper-
ties of the infiltrating T cells. The results were correlated
with immunohistochemical data obtained from the same
biopsies that were processed for the isolation of TIL.

We showed that T lymphocytes recovered from breast
tumors often had lower cloning frequencies than autolo-
gous or mnormal PBL-T in the phytohemagglutinin
(PHA)-dependent microculture system we used. There was
a high incidence of cytolytic T cell clones among the grow-
ing microcultures. More importantly, clonal analysis indi-
cated that a large proportion of these cytolytic clones ex-
pressed the T4+ /T8 — phenotype and many produced in-
terleukin-2 (IL-2).



170

Material and methods

Breast tumors. Surgical biopsies were obtained from 14 pa-
tients undergoing surgery for a lump in the breast. Of the
carcinomas, 12 were infiltrative of the ductal type, 1 was
medullary and 1 lobular. Tissues from 13 women (aged
from 47 to 86 years) and 1 man (65 years old) were studied.
For separation of TIL a piece of each breast tumor (mean
weight = 2.3 g; range = 0.6-9.5g) was collected into
sterile culture medium and processed within 2—4 h after
surgery. For immunohistology, pieces of tissue (35 to
63 mm? were embedded in OCT compound and snap
frozen in isopentane precooled in liquid nitrogen. The tis-
sue was stored at —80 °C until the time of sectioning.

Immunohistology. Serial sections 6 um thick were cut using
a cryostat, air-dried for 2 h at room temperature, fixed for
10 min in cold acetone, and kept at —20 °C until immuno-
histological processing. On the day of processing, the sec-
tions were fixed in acetone for 10 min and rehydrated in
Tris-buffered saline (TBS). All the procedures were carried
out at room temperature. The normal serum and the anti-
sera were diluted in TBS containing 1% gelatin.

The sections were first incubated for 10 min with nor-
mal rabbit serum diluted 1/30 and successively for 30 min
with each of the following reagents: mouse MoAb diluted
1/30, rabbit anti-mouse Ig diluted 1/60, and peroxidase
anti peroxidase (PAP) from mouse diluted 1/80. Finally,
all the sections were washed in TBS and stained for 10 min
in the diamino/H,0, substrate (75 mg 3-3" diaminobenzi-
dine in 100 ml TBS containing 32 ul H,0,). Nuclei were
weakly stained with hematoxylin. The optimal dilutions of
all antisera were determined on sections of lymph nodes
and tonsils. In control slides, the first antiserum was re-
placed by a supernatant of mouse myeloma culture diluted
1/30.

Monoclonal antibodies. The following MoAbs were pur-
chased from Becton-Dickinson, Inc., Sunnyvale, Calif.
USA: Leu-3a, Leu-11, Leu-7, Leu-1 and MoAb to IL-2 re-
ceptor (IL-2 R). MoAb OKTS8, OKIa and OKMI1 were
from Ortho Diagnostic Systems, Raritan, NJ, USA. MoAB
MAS 1532 (anti-HLA class I) was from Seralab Lid,
Crawley Down, Sussex, England. Finally, pan B MoAb
was from Dakopatts, Copenhagen, Denmark. Monoclonal
mouse PAP and rabbit antiserum for mouse immunoglob-
ulins were obtained from Sternberger-Meyer Immuno-
chemicals, Inc., Jarretsville, USA.

Microscopic analysis. Serial frozen sections, each stained
with a different MoAb, were reviewed. Stained cells in the
stroma and in the tumor mass were observed. All the cells
present in the sections were counted. The sections varied
in size between 35 and 63 mm? The counts were adjusted
to 50 mm? when necessary. The mononuclear cell infiltrate
was graded as = (1 to 200 cells/50 mm?); + (200 to 700
cells/50 mm?) + + (700 to 4000 cells/50 mm?) and + + +
(> 4000 cells/50 mm?).

TIL preparations. The TIL-enriched preparations were ob-
tained from suspensions of mechanically and enzymatical-
ly disaggregated tumors as described previously [32, 41].
The TIL were then separated from tumor and tissue celis
on discontinuous gradients of Ficoll-Hypaque as de-
scribed by Vose [36]. All TIL-enriched fractions were ex-

tensively washed and incubated in growth medium at
37 °C and in 5% atmosphere of CO, for 2—12 h prior to
functional assays. The viability of TIL was determined us-
ing trypan blue. Lymphocyte numbers in the TIL fractions
were determined from May-Griinwald Giemsa (MGG)
smears, and T11+ lymphocytes were quantitated by im-
munofluorescence.

Peripheral blood and tonsil lymphocytes. Blood samples
(20 ml) were obtained from 10 patients with breast cancer
1 or 2 day after surgery. Heparinized blood was diluted
with equal volumes of medium and centrifuged over a
cushion of Ficoll-Hypaque according to a standard proto-
col [3]. Mononuclear cells were harvested, washed, and ei-
ther used in functional assays or cryopreserved. Normal
peripheral blood was obtained from random blood donors
at the blood bank. In control experiments, normal PBL
were treated with collagenase-DNase mixture for 2h or
overnight under the same conditions used for disaggrega-
tion of tumors. Tonsils were obtained from surgery and
processed immediately. They were sliced with scalpels,
squeezed through metal sieves, and digested with enzymes
exactly like TIL. Enzyme-treated, washed, normal PBL
and tonsil lymphocytes were used as controls in the func-
tional assays.

All cell washes were performed in sterile RPMI 1640
medium (Seromed, Basel) containing 10% fetal calf serum
(FCS) and supplemented with 200 mM glutamine and an-
tibiotics (penicillin, streptomycin, and gentamicin).

Immunofluorescence. Fluorescein-labeled MoAB Ti1
(Coulter Electronics, Inc., Haleah, Fla.) and IL-2 R (Bec-
ton Dickinson, Inc., Sunnyvale, Calif) were used to deter-
mine numbers of T11+ cells and cells expressing the I1.-2
R, respectively, in the TIL and PBL preparations. For
double staining of T lymphocytes combinations of phyco-
erythrin-labeled MoAb IL-2 R or HLA-DR and fluores-
cein-labeled MoAb T11 were used. About 50,000 cells in
50 pl of medium were placed in 5 x 35 mm plastic tubes
(Milan Inst. SA, Geneva) and incubated with 5pul of
MoAb or MoAb mixture for 10 min at room temperature.
The cells were washed 3 times in phosphate-buffered sa-
line (PBS) solution containing 0.2% bovine serum albumin
and 0.2% sodium azide, fixed briefly in 2% paraformalde-
hyde solution and cytocentrifuged. Air-dried cytospins
were mounted in PBS glycerol and examined under a Zeiss
fluorescence microscope. From 100 to 200 cells were
counted, and the proportion of fluorescent or doubly-
stained cells determined.

Microcultures of TIL and PBL. A limiting-dilution micro-
culture method was used [27]. Briefly, cells were seeded in
limiting numbers (based on % T11+ cells) in round-bot-
tomed microwells (Costar, Flacon Plastics, Basel) contain-
ing irradiated (5,000 R) allogeneic spleen cells (5 x 10%) as
feeders in a final volume of 0.2 ml RPMI 1640 supple-
mented with 20% FCS (Amimed, Basel). Allogeneic human
spleen cells were obtained from spleens of accident vic-
tims. They were cryopreserved in 10% dimethyl sulfoxide
and 20% FCS and defrosted as needed. At the onset of cul-
ture, PHA (1% v/v) was added to the wells. After 48 h of
culture, IL-2-containing supernatant (50% v/v) was added.
Microcultures were grown in a humidified atmosphere of
5% CO, in air. They were supplemented weekly with



5 x 10* irradiated feeder cells suspended in 100 ul of medi-
um with IL-2-containing supernatant. Control wells con-
tained irradiated feeder cells which were initially stimulat-
ed with PHA and cultured with TL-2-containing superna-
tants. After 14-25 days of culture each well was scored
microscopically for growth.

Determination of the frequency of proliferating T cells.
Minimal estimates of the PTL-P were obtained by the min-
imum y? method from the Poisson distribution relationship
between the responding cell number and the logarithm of
the percentage of nonresponding (negative) microcultures
[34].

Production of IL-2-containing supernatant. Supernatants
containing T cell growth factor were prepared from hu-
man spleen cells. These supernatants were partially puri-
fied by precipitations with ammonium sulfate as described
by Moretta et al. [25]. Their growth promoting activity was
determined using an IL-2-dependent mouse cell line
(CTLL, obtained from Dr. H. R. MacDonald, Epalinges)
and colorimetric hexosaminidase assay [20].

Assays of cytolytic activity. Cytolytic activities of individual
microcultures obtained from TIL or PBL plated under li-
miting-dilution conditions were tested against different
types of °!Cr-labeled target cells: (a) P815 murine mastocy-
toma tumor cells in the presence and absence of 1% (v/v)
PHA i.e., lectin-dependent cell cytotoxicity (LDCC) which
allows the detection of cytolytic activity irrespective of the
antigenic specificity of the effector cells; (b) K562 human
erythroleukemia cells which allows the detection of natural
killer (NK)-like activity; (¢) MCF7 human tumor breast
line was obtained from Dr. H. Diggelmann, ISREC, Epa-
linges. Cytolytic activity was assayed as described by Mo-
retta et al. [27]. Briefly, cells in each well were resuspended
with a micropipette and then divided into two 100 ul ali-
quots. One aliquot was used to measure cytotoxicity; the
other was retained in the original well and supplied
with IL-2 to allow further growth. The split microcultures
were examined microscopically and again divided. Only
well-growing microcultures were used for assays of cyto-
lytic activity, and they were repeatedly divided as de-
scribed above until all assays were completed. Target cells
labeled with 3!Cr were placed in wells of V-bottomed mic-
rotiter trays (5x 10°/well). The lymphocyte suspension
was added to each well, and the final volume per well was
200 pl. In the LDCC assay, PHA was added to the *'Cr-
labeled P815 cells immediately before placing them in mic-
rowells (to avoid the formation of cell clumps). The MCF7
cell suspension was prepared using trypsin-EDTA (Gib-
co). Following trypsinization, the cells were washed 3
times, incubated in medium for 1 h and then labeled with
SICr to be used as targets in cytotoxicity assays. Micro-
plates with target cell-lymphocyte mixtures were centri-
fuged at 100 g for 5 min and then incubated for 4 h at
37 °C. The plates were centrifuged again (200 g for 5 min),
and 100 ul of supernatant was removed for measurement
of °!Cr release. Specific lysis was calculated according to
the formula:

Percent specific lysis =
Experimental release — spontaneous release

2 x 100
Maximum release — spontancous release
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Spontaneous release was determined in control microcul-
tures containing 3'Cr-labeled target cells and culture medi-
um, but no responder cells, and incubated exactly like
experimental microcultures. Maximum release was deter-
mined by lysing 3'Cr-labeled cells with 0.1 N HCIL. Cul-
tures in which 3'Cr release exceeded the mean spontaneous
release by more than 3 SD were considered positive for
cytolytic activity.

Assay for IL-2 Production. Induction of IL-2 production in
microcultures derived from TIL was obtained by PHA sti-
mulation as described by Moretta et al. [24]. Briefly, ali-
quots of lymphocytes (100 ul) derived from each microcul-
ture were placed in wells of a U-bottomed microplate.
Each well was washed 3 times with 100 ul of culture medi-
um, the supernatants were decanted after the last centrifu-
gation step, and cells resuspended in 200 pl of culture me-
dium containing 1% (v/v) PHA. Cultures were incubated
for 24 h at 37 °C, then 100 ul of supernatant from each
microculture was removed and added to CTLL indicator
cells (obtained from Dr. H. R. MacDonald) at a concentra-
tion of 4 x 10% per well and IL-2 activity was assessed by a
colorimetric hexosaminidase assay [20]. As negative con-
trols, supernatants of irradiated spleen feeder cells (cul-
tured as control microcultures simultaneously with lym-
phocyte microcultures, washed 3 times, and incubated
with 1% PHA for 24 h were used. Cultures were regarded
as positive for IL-2 production when exceeding by more
than 3SD the mean optical density at 405 nm of negative
control supernatants.

Phenotyping of microcultures. Cells obtained from 100 pl
aliquots of microcultures were washed in medium and in-
cubated with 10 pl of fluorescein-labeled monoclonal anti-
Leu-2 o (anti-cytotoxic/suppressor) antibody and 10 ul of
phycoerythrin-labeled monoclonal anti-Leu 3a (anti-help-
er/inducer) antibody (Becton-Dickinson) for 15 min at
room temperature. The cells were washed 3 times in PBS
and slides were prepared for immunofluorescence as de-
scribed above. Each microculture was examined for the
presence of Leu-2 a4, Leu 3a+ and doubly-stained cells
using a Zeiss microscope.

Results
Immunohistology

Immunoperoxidase staining with MoAbs was performed
on cryostat-cut sections in 12 of 14 tumors. Mononuclear
cells were localized mainly in the tumor stroma (Fig. 1)
and were often numerous at the border between normal
and malignant tissue. As Table I shows, T lymphocytes
were the most prominent component of the infiltrates; B
cells (Bl+) and monocytes (OKMI1+) were infrequent
(5%~ 10% of the infiltrate) and NK cells (Leu-7 + and Leu-
were absent. As judged by the expression of the (IL-
2R), few (<10%) TIL-T were in the activated state (Fig. 1).
Analysis of DR positive T cells was difficult because of the
strong reactivity of stromal cells with anti-DR MoAb. It
appeared, however, that there were more lymphocytes po-
sitive for DR antigens than for the 1L-2 R.

The T4/T8 ratios varied from tumor to tumor
(Table 1), although in 8/12 breast tumors studied, T8+
lymphocytes were more numerous than T4 4 lymphocytes.
Although only 12 tumors were examined, there seemed to
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Fig. 1. Infiltrating ductal carcinoma (case 11, D. R.) immunoperoxidase staining with mouse MoADb Leu 3a (A), mouse MoAb OKTS (B),
mouse MoAb OKla (c) and mouse MoAb IL2R (D). The mononuclear cells positive for each antiserum appear black. The helper T cells
(Leu 3a+) are predominant. There are no cells positive for IL-2 R (activated T cells)

be a correlation between the expression of the class I HLA
antigens on tumor cells and intensity of lymphocytic infil-
trates: tumors positive for class I HLA antigens were the
most intensely infiltrated by T lymphocytes.

Preparations enriched in TIL

Using a combination of mechanical and enzymatic diges-
tion, TIL were recovered from 13/14 breast carcinomas
studied. Only tumors containing lymphocytic infiltrates, as
determined by examinations of frozen sections at the time
of surgery, were selected for this study. The recovery of
TIL was variable ranging from 6 x 10° to 7.0x 10° T11+
lymphocytes/g of wet tumor tissue. Viability of TIL re-

covered from breast tumors was consistently >90% as de-
termined with trypan blue dye. The TIL-enriched fractions
were examined for cell morphology on cytocentrifuge
smears stained with MGG and found to contain:
66.4%=+22 lymphocytes; 2%=+2.2 monocytes/macro-
phages; 1.2%+ 1.1 granulocytes; rare basophils; 30%+23
tumor, and other nonhematopoietic tissue cells (means of
13 TIL preparations +SD).

Like the in situ analysis, T lymphocytes were the major
lymphocyte population (30%-95% T114 cells), while
Bl+ cells and plasma cells were a minor component
(1%—5%). By morphology, T lymphocytes recovered from
breast tumors were small cells which did not express the
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Table 1. Histopathological diagnoses and immunohistology of human breast carcinomas studied

Histopathological diagnosis Immunohistology
T11+ T4+ T8+ M1+ Bl + Ratio T4/T8 IL-2R+
%
(cell counts in tumor stroma per 50 mm?22)
Patients without axillary metastatis:
1. M. V. Infiltrating ductal CA, 1040 600 360 52 40 1.67 4.0
2. B.P. Infiltrating ductal CA, 190 144 64 0 0 2.25 20.0
3. C.G. Infiltrating ductal CA, 1120 378 739 0 10 0.51 3.0
4. C.E. Infiltrating ductal CA, 2360 900 1440 125 25 0.63 1.0
Patients with axillary metastasis
1. K. JL. Infiltrating ductal CA, 145 49 90 0 36 0.55 0
2. P.M. Infiltrating ductal CA, 1710 630 1170 0 57 0.54 0
3. L.B. Medullary CA, 5100 2085 2800 0 240 0.74 9
4. G. A. Infiltrating ductal CA, 953 130 754 0 18 0.17 0
5. M. L. Infiltrating lobular CA, 160 45 109 0 16 0.41 2
6. B.J. Infiltrating ductal CA, 185 70 136 14 22 0.51 7
7. D.R. Infiltrating ductal CA, 2140 1488 620 20 126 24 2.0
8. G.L. Infiltrating ductal CA, 1290 986 319 7 15 3.1 2.0

a Positively stained cells were counted in serial sections as described in Materials and methods

Table 2. Relationship between the in situ infiltration as determined by immunohistology and the recovery of T lymphocytes from human

breast carcinomas

Tumor Immunohistology Recovered lymphocyte-enriched fraction?
No. T11 + cells/50 mm? Degree of infiltration® No. TIL/g tumor No. T11 + cells/g tumor

L. B. 5100 +++ 7.6 x 10° 7.0 x 106

C.E. 2360 ++ 1.0 x 10¢ 4.5x 103

D.R. 2140 + + 0.8 x 10¢ 3.0x10°

P. M. 1710 ++ 4.0x 105 2.8 x 105

G. L. 1290 ++ 2.7 % 10° 1.4 x 10¢

C.G. 1120 ++ 3.2x10° 1.3x 10¢

M. V. 1040 + + ND ND

G. A 953 ++ 4.6x10° 3.8x 105
mean +SD x 107 6.8x5.1

B. P 190 + 6.0x 10* 6.0 x 10?

B.J 185 + 1.7x 10¢ 1.1x10¢

M. L 160 + 2.5x10° 2.0x 10°

K.J 145 + 1.2x 10¢ 4.0x10°
mean = SD x 103 43147

™

Biopsies of breast tumors were disaggregated with enzymes and cell suspensions separated as described in Matrerials and methods. The

TIL were counted in a hemocytometer in the presence of trypan blue. The percentage of Ti11 + cells in each TIL-enriched fraction was

determined by direct immunofluorescence

b Degree of infiltration of the tumors by T lymphocytes was determined as described in Materials and methods

receptor for IL-2 or HLA-DR antigens as determined by
double immunofluorescence. Occasional large granular
lymphocytes were present in TIL. The T4/T8 ratios deter-
mined in three TIL preparations were 1.0, 0.8, and 3.0.

Correlation between cells counted in situ and recovered from
tumors

Numbers of T lymphocytes recovered from tumors were
compared to those counted in immunoperoxidase sections.
While there was no relationship between in situ counts and
the T cell recovery in individual cases, as a group, tumors
which were densely infiltrated in situ tended to yield more
T11+ lymphocytes per gram tumor weight than tumors
with scarce infiltrates (Table 2).

Limiting-dilution analysis (Table 3)

The TIL recovered from 10 breast tumors were initially
plated according to the number of TI1+ lymphocytes at
0.5, 1, 2, 5, 10, and 100 cells per well. Cell growth was de-
termined microscopically in the individual wells between
days 14 and 25 in culture. The frequency of PTL-P was
then calculated according to Taswell [34]. In 7 out of 10
patients the PTL-P was markedly decreased with less than
1/100 responding T cells. In 2 cases the frequency of
PTL-P was noticeably higher with 1/30 and 1/11 respond-
ing T cells and in 1 case the frequency was close to normal
(1/2-1/3 responding cells, patient C. E.).

These frequencies were in marked contrast to normal
PBL where the frequency of PTL-P ranged from 0.56-1.11
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Table 3. Frequency of PTL-P Among TIL recovered from tumors
and PBLof patients with breast cancer

Tumor Frequency (95% confidence limits)?
TIL PBL
1. B.P. <0.01°b ND
2. K. <0.01 ND
3. D.A. <0.01 ND
4. S.A.M. <0.01 0.05 (0.03~0.07)
5. P M. <0.01 0.36 (0.28-0.44)
6. G. A, <0.01 0.48 (0.38-0.58)
7. M. L. <0.01 0.05 (0.03-0.07)
8. B. L 0.03 (0.01-0.03) 0.11 (0.08-0.14)
9. G.L. 0.09 (0.06-0.013) 0.31(0.24~-0.37)
10. C.E. (A) 0.16 (0.14-0.18)¢ ND
(B) 0.39 (0.28-0.49)
Controls: Normal PBL . 0.56 (0.44-0.68)

. 1.10(0.80-1.41)
. 086 (0.61-1.11)

0.53 (0.38—0.66)
. 0.47(0.31-0.63)

. 0.63 (0.53-0.75)
. 0.76 (0.48-1.04)

. 0.79 (0.50-1.11)

Normal PBL + enzyme®

Tonsils

= = W

Tonsils + enzyme®

»

Frequencies of PTL-P were calculated as described in Materials
and methods

Those tumors where the cloning frequency was too low to calcu-
late are reported as <0.01 i.e.,, <1 cell in 100 with proliferative
capacity

ND = not done

(A) represents PTL-P of mechanically derived TIL

(B) represents PTL-P of enzymatically derived TIL

¢ PTL-P frequencies for normal PBL and tonsil lymphocytes in-
cubated with the same enzyme mixture and under the same con-
ditions used for isolation of TIL

o

o

a

(i.e., 1 in 2 to 1 in 1) in 10 experiments. Also when the pa-
tients” PBL were plated according to the number of T11+
cells the PTL-P although higher than that of TIL-T was
somewhat lower than that of normal PBL-T (Table 3).

An example of a frequency analysis is shown in Fig. 2
where the TIL-T and PBL-T from patient P. M. were com-
pared with normal PBL-T. It can be seen that the frequen-
cy of responding cells was drastically reduced in TIL-T
(0.007), compared to the autologous PBL-T (0.36) or to
normal PBL-T (1.1)

We considered the possibility that incubations in the
presence of enzymes that were necessary for recovery of
TIL from solid tumors may interfere with clonogenicity of
T lymphocytes in the TIL preparations. For that reason,
control PBL and tonsil lymphocytes treated with the same
enzyme mixture and incubated under the same conditions
as TIL preparations were plated simultaneously with
experimental cultures. Proliferating frequencies of control
PBL-T and tonsil T lymphocytes were unimpaired even af-
ter overnight incubations with the enzymes (Table 3). Also,
in one case of breast carcinoma (C. E.), proliferating fre-
quencies of TIL-T in enzymatically prepared and mechan-
ically disaggregated (no digestion with enzymes) prepara-
tions were compared. The enzymatically prepared TIL had
a better PTL-P frequency than lymphocytes obtained early
in the separation procedure from the mechanical suspen-
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Fig. 2. Limiting-dilution analysis of the frequency (F) of prolife-
rating cells in patient P.M.: TIL-T O O, autologous
PBL-T A A and normal PBL-T m m. Cells were
plated according to the number of T11+4 cells at varying cell
doses per well in the presence of irradiated feeder cells, 1% PHA
(v/v), and an exogenous source of IL-2. After 14-25 days of cul-
ture each well was scored microscopically for proliferation. Each
point is based on a minimum of 42 microcultures. The regression
line was fitted to the data by the minimum %* method (Taswell)

sions (Table 3). Thus the decreased PTL-P frequency of
TIL from human breast carcinomas in our microculture
system are a characteristic of these cells and are not due to
the experimental conditions used.

Clonal analysis of TIL (Fig. 3)

In view of the low PTL-P frequency of TIL, it was neces-
sary to plate them at higher T cell numbers per well to gen-
erate microcultures. Indeed, after increasing the number of
plated cells to 5, 10, 100, and 200 T11+ lymphocytes per
well, proliferating microcultures were obtained. Thus, a to-
tal of 170 proliferating microcultures were generated from
4 TIL preparations studied and were expanded for clonal
analysis, i.e., cytolytic activities against K562, P8§15 and an
a llogeneic breast tumor cell line MCF7 cells. They were
also analyzed for IL-2 production and surface phenotype
as shown in Fig. 3. Not all of these microcultures could be
tested in all the assays listed above, because of differences
in their growth: some microcultures did not survive long
enough for complete functional evaluation. A total of 116
out of 170 microcultures were phenotyped using double
immunofluorescence, only 10 of these contained a mixture
of T4+ and T8+ lymphocytes. More than 90% of the mi-
crocultures obtained expressed either the T4 (73%) or T8
phenotype (18%) irrespective of determined T4/T8 ratios
of TIL suspensions. Operationally, these microcultures
were considered as putative clones on the basis of the sur-
face phenotype analysis and because the plating efficiency
in three cases did not exceed 3%. In patient C. E., the plat-
ing efficiency was 39%, and thus the possibility that some
of the microcultures obtained were not monoclonal is
much greater. The four breast tumors whose TIL clones
were analyzed and phenotyped contained more T8+ than
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T4+ lymphocytes in situ (Table 1, the mean T4/T8 ratio
= 0.43+0.2). The T4/T8 ratio of recovered TIL was deter-
mined in only one preparation (no 4, ratio =3.0) which
was cloned and gave 51/53 or 96% of T4+ microcultures.
Thus under these culture conditions, proliferating micro-
cultures of TIL from four breast carcinomas were largely
of the T4 phenotype irrespective of the predominance of
T8+ lymphocytes seen in these tumors by immunohisto-
logy.

Functional activities and phenotypes of 25 microcul-
tures representative of the TIL preparations derived from
four patients are summarized in Fig. 3. Although patterns
of cytolytic activity varied between the groups of microcul-
tures derived from individual TIL preparations, a large
number (56%) were able to lyse the P815 target upon lectin
activation, indicating that cytolytic T cells were the most
frequent cells among growing microcultures. Activity
against K562 cells (NK-like function) was variable and
usually mediated by cells lytic in the LDCC e.g., in patient
2, 9 clones positive for LDCC also lysed K562 targets.
Overall NK activity was demonstrable in 20/56 or 36% of
clones in patients 2 and 3. On the other hand, in breast
carcinoma no. 1, none of the clones displaying LDCC
were positive for NK activity. Indeed of the 34 clones test-
ed none displayed lysis against K562. Also clones from pa-
tient 4 were devoid of NK-like activity i.e., of 74 clones
tested only 2 were positive. However the frequency of
clones with NK activity in the peripheral blood from pa-
tient 1 was found to be 0.05, which approximates to the
range found in normal PBL (0.07-0.16). Thus the inci-
dence of clones with NK activity among TIL was not al-
ways consistent with immunohistology which showed vir-
tually a complete lack of the Leu-7* and Leu-117* cells in
all 12 breast carcinomas examined. A few were selectively
cytotoxic for the allogeneic breast tumor cell line, MCF7.

Strikingly, many of the T4+ microcultures (53%)
were cytolytic in LDCC assays (Figs. 3 and 4), and the per-
centages of specific lysis often approached or even ex-

ceeded those of T8 + microcultures as shown in Fig. 4 for
breast carcinomas | and 2. The T4+ /T8 — cytolytic clones
were present in all 4 TIL preparations, and in most in-
stances represented the majority of clones displaying a cy-
tolytic potential i.e., 10/22, 3/10, 6/9, and 16/25 clones in
patients | to 4 respectively were T4* /T8~ and positive in
the LDCC assay. Very few of these clones displayed NK-
like activity. Clones of T lymphocytes derived from nor-
mal peripheral blood which express the T4 phenotype are
rarely cytolytic for P815 targets in the presence of PHA
(Fig. 5). Figure 5 also shows that in comparison to T4+
clones obtained from normal peripheral blood, the T4+
clones derived from breast carcinoma TIL exhibited high
specific lysis in LDCC assays.

The IL-2 production (helper function) was also mea-
sured in 60 clones (Fig. 3). It can be seen that 8/25, 8/12,
and 9/23 clones in patients 1, 2 and 3 respectively were
IL-2 producers. Interestingly, several LDCC positive
clones, irrespective of their T4+ /T8 — or T4— /T8 + sur-
face phenotype, were IL-2 producers as well. Thus cytolyt-
ic clones able to produce IL-2 were obtained from TIL of
three patients with breast carcinoma.

Discussion

The technology of cloning and clonal analysis has proved
to be a powerful tool in analysis of the functional potential
of circulating lymphocytes in normal as well as pathologi-
cal situations [1, 5, 19, 27, 29, 37]. We have used a PHA-de-
pendent microculture system, which allows the clonal ex-
pansion of every normal T lymphocyte [27], to investigate
the frequency of PTL-P and the incidence of cytolytic T
cell precursors in TIL-enriched preparations recovered
from human breast carcinomas. These functional data
were correlated with a precise in situ analysis of TIL by
immunohistology.

T11+ lymphocytes constituted from 30% to 95% of the
TIL population recovered and immunohistology per-
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formed on the breast tumor biopsies from which TIL were
extracted confirmed the predominance of T cells in in-
flammatory infiltrates in the tumor stroma. In addition,
immunohistology of tumor sections and immunofluores-
cence of TIL suspensions showed that only rare T lympho-
cytes were in the activated state as judged by the expres-
sion of IL-2 R. Cytology of TIL on MGG smears was con-
sistent with the histological findings and revealed the pres-
ence of small, non blastic lymphocytes.

Quantitative assessment of the proliferating capacity of
T cells infiltrating human tumors has not been done previ-

mors, inciuding breast carcinomas, are often poorly re-
sponsive to mitogens as populations [23] and similar be-
havior of TIL has been reported before [38]. Thus, under
limiting-dilution conditions, TIL of patients with breast
cancer were often poorly clonogenic in the PHA-depend- |
ent system. A higher cloning efficiency (15%-42%) ob-
tained in the same system by Ferrini et al. [8] with tumor-
associated lymphocytes from ascites of patients with ovar-
ian tumors can perhaps be explained by a different in situ

- origin of T lymphocytes. In breast tumors, TIL were de-

rived from deep inside the stroma, as evidenced by im-
munohistology (Fig. 1) of the tumors we studied. Interes-
tingly, the circulating lymphocytes of patients with breast
cancer, which show normal PHA responses in bulk cyl-
tures [23], had somewhat lower than normal frequencies of
PTL-P (Table 3). '

It is well documented that the microenvironment of the
tumor may be inhibitory for a number of lymphocyte func-
tions [12, 18, 35]. We have shown earlier that incubation of
normal PBL with tumor cells leads to the inhibition of
lymphocyte functions in populations as well as on a single-



cell level [23]. In fact, the functional behavior of TIL re-
covered from human tumors is similar to that of normal
PBL exposed in vitro to tumor cell lines [23].

It is remarkable that inspite of inhibitory influences of
the tumor milieu and independently of the frequency of
PTL-P, a majority of the growing microcultures from the
TIL preparations displayed cytolytic activities (Fig. 3).
Whereas the functional profiles of the microcultures ob-
tained in such cases where the PTL-P was <0.01 can hard-
ly be considered as representative of the total original in-
filtrate, in two cases (patients C. E. and B. J. with 0.39 and
0.03 PTL-P frequencies, respectively) the high incidence of
cytolytic T lymphocyte (CTL) clones (i.e. >60% of the cul-
tures positive in the LDCC) had definite significance re-
garding the in situ situation. Thus, our clonal analysis
seems to indicate that CTL precursors (with unknown spe-
cificity) are well represented in TIL from breast carcino-
ma. These results are in agreement with the findings of
Ferrini et al. [8] who obtained clones with different cytolyt-
ic activities from tumor-associated lymphocytes in human
ovarian tumors. In Vose’s study [37] there was an indica-
tion that in TIL from several human solid tumors, there
was an increased frequency of cytotoxic precursors against
autologous tumor cells in comparison to PBL. It is likely
that selective accumulation of cytolytic cell precursors de-
monstrated in some animal tumors [4] may also occur in
human solid tumors.

Phenotyping of TIL recovered from murine sarcoma
virus-induced tumors in mice demonstrated the predomi-
nance of Lyt2+ cells [4]. In our hands, the clones obtained
from the breast tumor TIL were largely T4 positive (73%).
This is not consistent with immunohistology, which
showed a greater number of T8 + than T4+ lymphocytes
in situ in the relevant breast tumors. While this could mean
that a selective enrichment in T4+ cells occurred during
the TIL isolation procedure, the T4/T8 ratios determined
in TIL preparations from various turnors [41] indicated the
presence of both T4+ and T8+ lymphocytes in about
equal proportions in these preparations. The other possi-
bility, namely, a selective outgrowth of T4+ clones from
TIL in our microculture system should be considered. Al-
though such selectivity does not occur with normal PBL-T
[26], the low proliferating frequencies of TIL imply a selec-
tion in favor of those T lymphocytes among TIL that re-
main responsive to PHA. Interestingly, even if the cloning
efficiency of TIL was high (39% in one of our prepara-
tions), the same predominance of T4+ clones (51/53 test-
ed) was observed. Further studies are in progress using
highly purified T cells from TIL to clarify this issue.

Our finding that many T4+ /T8~ clones generated
from TIL of breast carcinoma expressed cytolytic activi-
ties, is particularly significant. In fact previous reports
have already documented the lack of a strict association
between phenotype and function in peripheral blood [26].
Also Vose and White [39] reported T4+ autocytolytic
clones generated during mixed lymphocyte tumor culture.
More recently Jacobson et al., [15] demonstrated that the
majority of measles virus-specific cytotoxic T lymphocytes
generated from normal PBL were OKT4+. Interestingly
our study also demonstrated an unusually high incidence
of T4+ cytolytic clones generated from TIL preparations.
As Fig. 4 demonstrates, these T4+ cells lysed P815 targets
as efficiently as T8 + clones. In view of the fact that only a
very small proportion (<5%) of T4+ clones from normal
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PBL have LDCC activity (see Fig. 5 and [26], it can be con-
cluded that at least some human breast tumors contain fre-
quent T4+ lymphocyte precursors with cytolytic potential.
In addition, in many cases, these proliferating T4+ /T8 —
cytolytic cells were also 1L-2 producers. Thus T4 4 /T8 —
clones had a dual cytolytic and helper-inducer functional
potential. Similar findings have been reported by Romag-
nani et al. in spleens of patients with Hodgkins disease
[30]. The reason why TIL from patients with breast carci-
nomas and perhaps with other malignancies have such a
high number of dual cytolytic/helper T cells (an infre-
quent blood T cell subset) is unclear at present. However it
may indicate that these patients mount a cytolytic immune
response against unknown antigens perhaps recognized in
the context of HLA class II antigens.

Eremin and colleagues [7] reported that lymphocytes
infiltrating human primary mammary carcinomas lacked
killer and NK cell activities. Depressed NK activity in TIL
populations has also been observed in lung tumors [28]; in
ovarian tumors [14], and in different human solid tumors
[35, 40]. Our clonal analysis of microcultures derived from
TIL of breast carcinomas confirms the depletion of NK
acticity in some breast tumors, but not in others. Even
when clones with NK activity were detected, their number
was modest in comparison to clones positive for LDCC.

Limited growth of cloned TIL and small sizes of resect-
ed breast tumors did not allow a systematic search for cyt-
olytic activity against fresh autologous tumor cells. A few
CTL clones (i-e., positive in the LDCC assay) were able to
lyse the allogeneic breast carcinoma line MCF7 without
mediating NK-like lysis on K562 targets, but the reverse
was equally true, i.e., a few clones displaying NK-like lysis
and not LDCC activity were also able to lyse the alloge-
neic tumor target. Also there were CTL clones with lytic
activities against both K562 and MCF7 cells, indicating
that the antitumor lytic activity of T cells recovered from
TIL is extremely heterogenous.

Our data indicate that T lymphocytes potentially ca-
pable of cytolytic functions are present in human breast
tumors and that they can be cloned and expanded in vitro
using TIL populations isolated from these tumors. Further
studies of such tumor-derived cytolytic clones are likely to
clarify the nature of the interactions between CTL and tu-
mor cells in human solid tumors.
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