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ABSTRACT

Background: Tumor-infiltrating lymphocytes (TILs)
play a key role in the immunogenic reaction against tu-
mors. Although TILs are present in the tumor and recog-
nize the antigenic characteristics of malignant cells, they
are incapable of preventing cancer growth. However, pre-
clinical data in vitro showed that activated TILs have the
ability to kill autologous tumor cells. As a result, a number
of clinical reinfusion trials using interleukin-2 (IL-2) - ac-
tivated TILs have been conducted in the past few years.

Purpose: The therapeutic efficiency of TILs is not
clearly understood, as only few studies have been per-
formed on a limited number of patients and therefore this
work aims at studying the mode of action of TILs propa-
gated Ex vivo through investigating protease enzyme sys-
tem using SDS-PAGE of gelatin zymography technique.

Material and methods: In this work, TILs as well as
peripheral blood lymphocytes (PBL) were separated from
patients suffering from breast cancer. Primary culture of
TILs, PL as well as tumor cells were performed. A co-
cultivation of TILs and tumor cells in the presence of IL-2
was done. Gelatin zymographic analysis using polyacryla-
mide gel electrophoresis of the protease enzyme system
was performed.

Results: The work done revealed that: aggregation of
TILs around tumor cells was clearly observed when a
mixed culture of both TILs and tumor cells was co-
cultivated in vitro. At a molecular level, there were two
separate clear and sharp bands at approximately 72 and 92
kDa seen in gelatin zymography. The bands were much
more clear with an extra band with dimeric structure
above 92 kDa in cell lysate of the mixed culture of both
TILs with tumor cells as well as their conditioned media.

Conclusion: The study findings may shed some light
on a good possibility of synthesis and secretion of specific
protease enzyme system for the lytic activity of TILs
against tumor cells. Further work is strongly recommend-
ed for identification of the extra band produced due to the
TILs and tumor cells interaction in addition to the possible
specific novel therapy of TILs in cancer management.
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INTRODUCTION

Tumor infiltrating lymphocytes (TILs) are
lymphoid cells that infiltrate solid tumors, and
that can be grown by culturing single cell sus-
pension from tumors in the presence of interleu-
kin-2 (IL-2) [11].

TILs play a role in the immunogenic reac-
tion against tumors [14]. Although TILs are
present in the tumor and recognize the antigenic
characteristics of malignant cells, they are inca-
pable of preventing cancer growth. However,
pre-clinical data showed that TILs can kill au-
tologous tumor cells ex-vivo [13,14]. The admin-
istration of gene modified TILs into patients
with advanced cancer showed that these lym-
phoid cells can survive at the site of the tumor
and in the circulation for several months [10].
The therapeutic effectiveness of reinfused TILs
is not clearly understood as well as its mode of
action.

Matrix metalloproteinases (MMPs) are a
group of enzymes thought to be responsible for
both normal connective tissue remodeling and
accelerated breakdown associated with tumor
development [5]. It has been shown that MMP-
9 mediates cleavage of IL-2 R and down regu-
lates the proliferative capability of cancer-
encountered T-cells [12].

The present work represents a trial to separ-
ate TILs from tumor specimens obtained from
patients with breast cancer so as to study the
mechanism of action of TILs. In order to
achieve this goal the work is performed for the
detection of protease enzyme systems via gela-
tin zymographic analysis by SDS-PAGE tech-
nique.
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PATIENTS AND METHODS

Tumor tissues obtained from five patients
suffering from breast cancer were taken during
tumor excision in surgical department at the
National Cancer Institute of Egypt (NCI), Cairo
University.

Clinical data:

Patients were diagnosed according to proto-
cols adopted at Surgical and Medical Oncology
Dept., NCI, Cairo University. The patients were
subjected to the following clinical and laborato-
ry investigations such as liver function tests,
kidney function tests, chest x-ray, abdominal
pelvic ultrasound (US), CT scanning and iso-
tope bone scanning.

The clinicopathological features of the cases
were

» CT chest was free.

» Bone scan was free.

» Abdominal US was free.

 All had invasive ductal carcinoma.

* All had grade II, LN —ve with only one case
LN positive.

Reagents and chemicals:

RPMI Tissue culture media, Foetal bovine
serum (FBS) and antibiotics were purchased
from Sigma and Ficoll separating solution Ser-
omed® from Biochrom KG, Leonoremstr, Ber-
lin.

Preparation of tumor infiltrating lympho-
cytes (TILs):

TILs were separated according to a protocol
provided by Cochet et al., 1998 [4] including
the following procedure:

1- Freshly excised tumor tissue was washed
twice with RPMI 1640 medium

2- The tumor tissue was minced into 3-5 mm
pieces with a sharp scalpel.

3- The preparation was mixed with RPMI
medium containing deoxyribonuclease (3600
units), collagenase (50 pg) and hyaluronidase
(125 units) from 1-2 hrs at 37°C in rotating
shakers.

4- The resulting cell suspension was filtered
through a mesh with capacity 1 meq/gm to sep-
arate tumor cells from TILs.

5- RPMI 1640 medium was used for wash-
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ing. The cells were resuspended at 3 - 5 x 103
cells per ml in RPMI 1640 medium supple-
mented with human recombinant IL-2 (200
units/ml).

6- The cells were transferred to 75 cm? tis-
sue culture flasks and incubated at 37°C in a
5% CO3 incubator. The medium was replaced
twice a week.

7- Separation of peripheral mononuclear
cells (PBMC) was done using Ficoll Hypaque
according to Cochet et al., (1998), [4]. The same
experiment performed with TILs was repeated
with PBL. PBMC were adjusted to 105 cells/ml
in RPMI 1640 and divided into two aliquots,
one part was incubated with IL-2 as TILs rich
fraction, the other was used as control without
IL-2.

8- Tumor cells were kept in culture without
IL-2 and co-cultivated with activated TILs. A
control was set up by co-culturing tumor cells
with non-activated TILs (IL-2- free).

9- SDS-PAGE for gelatin zymography was
performed according to Birkedal-Hansen et al.,
(1982), 21. The gels, (10%), containing 100 mg
gelatin (Sigma Co. Type B from Bovine) were
pre-electrophoresed for 30 minutes to minimize
the loss of activity during electrophoresis by re-
moving unreacted monomers and persulphate.
Equal volumes of loading buffer and samples
were mixed in microfuge tubes. 20pl of the last
mixture were applied to each well. The standard
enzyme was applied in one well in each run.
The electrophoresis was done at 10mA till the
samples run through the stacking gel then the
current was raised to 20mA for 2 hours. The
gels were washed in washing buffer: 5S0mM
Tris HCI, (5SmM CaClp, 1yM ZnCly and 2.5%
Triton X-100, pH 7.5). The gels were stained in
Coomassie brilliant blue and destained in de-
stain I solution (50% methanol, 10% acetic
acid and 40% distilled water), destain II solu-
tion (5% methanol, 7% acetic acid and 88% dis-
tilled water).

RESULTS

Fig. (1), shows low cell density of tumor
cells, since they were derived from primary cul-
ture of the tumor specimen from breast cancer
patient. Fig. (2) shows gelatin zymographic pat-
tern of protease by SDS- PAGE. The zymo-
gram reveals the presence of matrix metallopro-
teinase MMP-2 and MMP- 9 according to their
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molecular weights (72 kDa and 92 kDa respec-
tively). The figure shows two clear bands of the
protease enzyme system in case of cell lysate of
all different cell types with differences in their
activities. However, lane no. 4 reveals three
sharp bands and the third one showed a dimeric
structure. These were shown in the lysate of the
mixed cell culture population of tumor cells
with TILs in the presence of IL-2.

Fig. (3) shows the same previous bands of
the protease enzyme system in conditioned me-
dium obtained from different cell types, again,
lane no. 4 shows an extra band with dimeric
structure that represents protease activities in
conditioned media from the mixed cell culture
of tumor cells with TILs in the presence of IL-

Fig. (1): Tumor cells obtained from the primary culture of
tumor specimen from the breast cancer patient.

Fig. (2): Gelatin zymographic pattern of SDS-PAGE for
protease activities from different types of cell ly-
sates.

Lane 1: Peripheral lymphoid cell (PLC).

Lane 2: TILs1 obtained from filtered cells+PLC with IL-2.

Lane 3: TILs2 obtained from packed cells with IL-2.

Lane 4: Tumor cells in co-cultivation with TILs in the

presence of IL-2.

Lane 5: Tumor cells alone.

Lane 6: Standard collagenase.

Lane 7:Protein marker (21-116 kDa).
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Fig. (3): Gelatin zymographic pattern of SDS-PAGE for
protease activities from different types of condi-
tioned media.

Lane 1: Conditioned medium from PLC.

Lane 2: Conditioned medium from TILs1.

Lane 3: Conditioned medium from TILs2.

Lane 4: Conditioned medium from tumor cells + TILs.

Lane 5: Conditioned medium from tumor cells alone.

Lane 6: Standard collagenase.

Lane 7: Protein marker (21-116 kDa).

DISCUSSION

Proteolytic degeneration of extracellular ma-
trix is necessary for cell migration which is es-
sential in physiological and pathological pro-
cesses [6,71. Two families of proteases, the
plasminogen activator/plasmin system of serine
proteases [2,3] and matrix metalloproteinases
(MMPs) have been described [4,6]. In a previ-
ous study, it has been shown that rat IL-2 acti-
vated natural killer cells (NK) produce MMP-2
and MMP-9 [8]. Another study showed that hu-
man NK cells express and produce MMP-2,
MMP-9 and MT1- MMP. These cells degrade
the extracellular matrix through the secretion of
MMPs [8]. In the present study, another type of
lymphoid cells namely TILs was separated
from patients with breast cancer. The work of-
fers a trial for TILs mode of action via the se-
cretion of MMPs. The work agreed with what
have been reported by Abertsson et al., [1] who
showed that MMPs represent a mechanism of
action of human NK cells. It seems likely that
both types of lymphoid cells (NK and TILs) act
through the same mode of action for their tumor
Iytic activities. Furthermore, the present work
revealed the morphological observation of the
different cell types mainly peripheral blood
lymphocytes cells (PBL), TILs and tumor cells.
The figure list gave rise to an important obser-
vation that TILs have the ability to invade the
tumor cells which was found to be destructed
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via the production of MMPs released by TILs.
The present work also elucidated the different
activities of TILs in term of the bands shown by
gelatin zymographic analysis according to their
situation i. e. high activity of TILs shown in
case of the co-cultivation with tumor cells par-
ticularly in the cell lysate of both cells. Further
work is strongly recommended to identify
which one is highly responsible for the activity
of the proteases shown by gelatin zymography.
However, it seems likely that cell-cell interac-
tion could produce another type of protease
above 92 kDa shown by the extra band with a
dimeric structure previously mentioned. This
type of protease could be responsible for the
specific autologous lytic activity of TILs
against tumor cells. This finding is similar to
what have been previously reported for human
NK cells which produce MMPs to allow for
triggering their cytolytic potential [9].

In conclusion, TILs could be propagated ex-
vivo to produce MMPs in their media and this
highlights the possibility of using MMPs re-
leased from TILs as a mechanism of action for
their functionality as specific autologous lytic
activity against tumor cells. Further work is
strongly recommended to investigate the possi-
bility of using TILs as a novel immunothera-
peutic modality for the treatment of drug-
resistant and radio-resistant types of cancer.

REFERENCES

ABERTSSON P., KIRN M.H., JONGES L., KITSON
R.P., KUPPEN P.J. K., JOHANSSON B.R., NANN-
MAK U. and GOLDFARB R.H.: Matrix metallopro-
teinases of human NK cells. In vivo 2000, 14: 269-
276.

2- BIRKEDAL-HANSEN H. and TAYLOR R.E.: Deter-
gent activation of latent collagenase and resolution of
its component molecules. Biochem Biophys Res Com-
mun 1982, 107: 1173-1179.

3- BLASI F.: Urokinase and urokinase receptor, a para-

crine/autocrine system regulating cell migration and
invasiveness. Bioassay, 1993, 15: 105-111.

Studies on the Mechanism of Action of Tumor Infiltrating

4-

6-

9-

10

11

12

13

14

COCHET Q., TEILLAUD J.L. and SAUTES C.: Im-
munological techniques made easy, John Wiley &
Sons Ltd 1998, pp 4-40.

IOACHIMM E.E., ATHANASSIADAN S.E., KAMI-
NA S., CARASSAOGLOU K. and AGNANTIS N.J.:
Matrix metalloproteinase expression in human breast
cancer: an immunohistochemical study including cor-
relation with cathapsin D, type IV collagen, laminin,
fibronectin, EGER, C-erb B-2 oncoprotein, P53, ster-
oid receptors status and proliferative indices. Antican-
cer Res., 1998, 18 (3A): 1665-1670.

KLEINEN D.E. and STETLER-STEVENSON W.A.:
Structural biochemistry and activation of matrix met-
alloproteinases. Curr. Spin, Cell Biol. 1993, 5: 891-
897.

MATRISIAN L.M.: The matrix degrading metallopro-
teinases. Bioassays 1992, 14: 455- 463.

MIGNATTI P. and RIFKIN D.B.: Biology and bio-
chemistry of proteinases in tumor invasion. Physiol
Rev, 1993, 73: 161-195.

KIM MH., KITSON R.P., ALBERTSSON P.,
NANNMARK U., BASSE P.H., KUPPER P.J., HOK-
LAND M.E. and GOLDFARB R.H.: Secreted and
membrane- associated matrix metalloproteases of IL-
2 activated NK cells and their inhibitors. The journal
of Immunology 2000, 164: 5883-5889.

ROSENBERG S.A.: The development of new immu-
notherapies for the treatment of cancer using interleu-
kin-2 (review). Ann Surg. 1988, 208: 121-135.

ROSENBERG S.A., AEBERSOLD P. and ORVET-
TAK: Gene transfer into humans immunotherapy of
patients with advanced melanoma using tumor infil-
trating lymphocytes modified by retroviral gene trans-
action. The New England J. Med. 1990, 323: 570-
578.

SHEU B.C., HSU SM., HO HN., LEIN H.C,
HUANG S.C. and LUN R.H.: A novel role of metal-
loproteinases in cancer-mediated immunosuppression.
Cancer Res. 2001, 61 (1) 237-242.

TROPALIAN S.L., MUUL L.M., SOLOMON D. and
ROSENBERG S.A.: Expansion of human infiltrat-
ing lymphocytes for use in immunotherapy trials. J.
Immunol Methods 1987, 102: 127-141.

WHITESIDE T.L. and PARMIONI G.: Tumor infil-
trating lymphocytes, their phenotype, function and
clinical use. Cancer Immunol Immunother 1994, 39:
15-21.



