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Abstract. Background: Immunopotentiating agents are the
best options in cancer therapeutics because they can
specifically destroy tumor cells via immunocytes, which are
mostly apoptotic in nature. Previously, immunotherapy with
T11TS | SLFA-3 in a ethyl-nitrosourea (ENU)-induced animal
model (Druckrey rats) of neural neoplasm showed a significant
tumor mass destruction by augmenting the cellular immune
status. Materials and Methods: The modulations of the
peripheral as well as neural immune systems after T11TS
administration were monitored by assessing the CD4+ and
CDS8+ lymphocytes, along with the cytotoxic activity of splenic
and brain infiltrating lymphocytes (BIL). The rate of apoptosis
of the tumor cells, microglial cells (Mg) and BIL were
measured by flow cytometry-based propidium iodide analysis
and TUNEL assay. Results: Cell cycle phase distribution
analysis by propidium iodide —-FACS and TUNEL assay
revealed that T11TS administration gradually increased the
number of apoptotic brain tumor cells and, at the same time,
decreased the number of dividing cells. Up-regulation of the
CD4+ and CD8+ lymphocytes were observed after TI1ITS
administration in ENU - induced immunosuppressed animals.
A gradual increment of cytotoxicity of splenic and BIL was
also demonstrated after successive administration of T11TS.
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Conclusion: These data strongly support the specific apoptosis-
inducing role of T1ITS in experimental brain tumor cells.
Apoptosis of BIL and Mg, that occurred to a much lower level,
can be explained in terms of changes in the neural immune
system before and after T11TS application.

Brain tumors are the most difficult to treat, presumably due
to the presence of the blood-brain barrier (BBB) (1). The
Central Nervous System (CNS) is normally subject to
immunological surveillence via non-antigen-dependent, non-
inflammatory T lymphocyte patrolling (2, 3). The
interaction between patrolling T lymphocytes and resident
brain cells is of particular interest in relation to the up-
regulation of molecules involved in antigen presentation,
such as MHC-II (4). However, glioma-generated factors
(IL-10, TGF-beta, PG-E2) minimize the immune
functioning of different residual and infiltrating cells of the
brain, followed by peripheral immune suppression (5).
Under normal conditions, apoptotic cell death is an
established mechanism for the elimination of changes
associated with inflammation in the CNS (6, 7). Microglia
(Mg) is the strong candidate for the clearance of cells
undergoing apoptosis (8, 9).

The neoplastic changes associated with ethyl-nitrosourea
(ENU) induction have been established by our group (10-13)
in histological, cell kinetic and immunological levels, rendering
drastic reduction of survival of the brain tumor-bearing
animals. Previously, we showed that the sheep form of
leucocyte function antigen-3 (SLFA-3) or T11 target structure
(T11TS) is a potent immune stimulator in the brain tumor-
induced, immune-suppressed animal model (11). In the
present study, the hypothesis that T11TS administration in
general is associated with peripheral as well as intracerebral
immunopotentiation, resulting in the destruction of the tumor
mass, is addressed. The greater infiltration of the CD4+ and
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CD8+ lymphocytes clearly indicate that T11TS can revert back
the ENU-induced immunosuppressive state caused by brain
tumorigenesis. The cytotoxic activity of BIL before and after
T11TS administration in ENU-induced animals completely
correlated with tumor cell apoptosis. Furthermore, assessment
of nectrotic cell death of all the cell types of different animal
groups clearly confirms the mode of cell death. Finally, the
interaction between the tumor cells, Mg and BIL before and
after T11TS administration in ENU-induced animals were
monitored in terms of cell protection and death.

Materials and Methods

Reagents and chemicals. RPMI 1640 medium, fetal bovine serum,
streptomycin and penicillin were purchased from Gibco BRL
(Gaithersburg, MD, USA). Ethyl-nitrosourea, RNase A, DEAE
cellulose, collagenase I & IV, hyaluronidase, DNase and soyabean
trypsin inhibitor all were purchased from Sigma (St. Louis, MO,
USA). Percoll was obtained from Pharmacia Biotech. Propidium
iodide was from Becton Dickinson (San Jose, CA, USA) The
remaining chemicals were purchased from local firms (India) and
were of highest purity grade.

Animals and animal grouping. Healthy newborn Druckrey rats, 2-3
days old, of both sexes along with the mother, were maintained in
our Laboratory for the purpose of investigations. The animals (24
in each group) were weaned at 30 days of age and housed
separately in isolated cages. All animals were fed autoclaved Hind
Lever pellet and water ad libitum and kept at ambient temperature
(22°C) in a 12-hour light / darkness cycle. The animals were
grouped in batches of 24 for each experimental group, as follows:
(1) Normal control (N), (2) 3- to 5-day-old neonatal animals
injected with ENU intraperitoneally (i.p.), (3) 7-month-old ENU-
treated animals injected (i.p.) with 1st dose of T11TS (ET1), (4)
7-month-old ENU-treated animals injected (i.p.) with 1st and 2nd
dose of T11TS (ET2), (5) 7-month-old ENU-treated animals
injected (i.p.) with 1st, 2nd and 3rd dose of T11TS (ET3) at an
interval of 6 days for each dose. The rats were examined daily and
weighed weekly throughout the experimental period. Maintenance
and the animal experimental procedure strictly followed Principles
of Laboratory Animal Care (NIH publication No. 85-23, revised in
1985) as well as local ethical regulations.

Induction of brain tumor with ENU. N’-N’-ethyl-nitrosourea (ENU)
was freshly prepared by dissolving the compound ( 10 mg/mL) in
sterile saline and adjusting the pH to 4.5 with crystalline ascorbic
acid. ENU was injected (i.p.) in newborn rats (3-5 days old) with a
dose of 80 mg/kg body weight (10-16).

Preparation of T11TS from sheep red blood cell (SRBC). The method
followed was taken from Kitao ef al. (17) and slightly modified
Briefly, 1 mL volume of packed sheep red blood cells were
trypsinised followed by non-specific protein precipitation using
25% TCA, neutralized with NaOH, and dialyzed against distilled
water. The glycoprotein was separated from neutral peptides by ion
exchange chromatography on a DEAE-Cellulose column (1.5x8 cm)
previously equilibrated with 0.05 M-formate buffer, pH 6.8. The
acidic glycopeptide was then eluted with a five-chamber gradient
system containing 1 mL of either water, 0.05 M formic acid, 0.2 M
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formic acid, 0.4 M formic acid or 0.4 M formic acid in 0.3 M
sodium chloride corresponding to groups 1-5. Finally, the elute
fraction-III was selected as the fraction containing the maximum
amount of T11TS by the rosette inhibition assay (11). SDS-PAGE
electrophoresis analysis of all the elute fractions obtained from ion-
exchange chromatography were performed for partial
characterisation (12).

Reverse phase-high performance liquid chromatography. A prepacked
Cyg column was purchased from Waters (WAT 011793) with an
internal diameter of 150x3.9 mm. Two mobile phases were used to
form differential gradients. Mobile phases A and B were 0.1% TFA
(trifluroacetic acid) in water and 0.1% TFA in acetonitrile,
respectively. The flow rate was adjusted to 18 mL/h. The column
was equilibrated in 100% mobile phase A for about 50 minutes
before sample administration. All chemicals used were of HPLC
grade and were degassed (by sonication) and filtered (Millipore)
before application. After 50 minutes of equilibration in 100%
mobile phase A, 15 ul of elute fraction III obtained from ion-
exchange chromatography was applied through the injector of the
waters HPLC system. Fractions were collected continuously at a
volume of 1 mL by a fraction collector (Waters). The fractions
were analysed by ELISA using anti CD-58 monoclonal antibody to
identify the fraction containing T11TS / SLFA-3. The activity peak
(4 mL) appeared at an average concentration of 150 mM formate
(18) (Figure 1). Reverse phase-HPLC were repeatedly performed
(18) to obtain large amounts of T11TS / SLFA-3-containing
fractions. These elute fractions were pooled and were concentrated
using an Amicon Centricon 30 microconcentrator. These
concentrated fractions were thereafter referred to as the ‘T71TS
fraction’ for administration to animals.

Administration of T11TS fraction. The injected dose volume of the
elute fraction III was calibrated from the time-dose responsiveness
of rosette inhibition assay (11). To estimate the protein content of
the T11TS fraction obtained from RP-HPLC followed by
concentration, Lowry’s method (19) was performed and the
amount determined was found to be 50 pg/mL. Consequently, the
amount of T11TS administered was calculated to be 0.41 mg/kg
body weight and as the average weight of the 7 to §-month-old rats
was approximately 125 grams, the required amount of T11TS was
found in 1 mL. of the HPLC-purified and concentrated
preparation. The 1st dose of 1 mL of T11TS fraction (i.p.) was
followed by a 2nd booster dose on the 6th day and a 3rd booster
dose on the 12th day, making a dose schedule of 1 mL, 2 mL and
3 mL to the group 3, 4 and 5 animals respectively.

Cell isolation. a) Tumor cell isolation: Four to five consecutive 5-um
sections were cut from the tumor susceptible area of the rat brain
and the central section was stained by haematoxylin and eosin.
Completely neoplastic areas, as appropriate to the
histopathological diagnosis and not contaminated by the normal
tissue, were marked out in the stained slide by the experienced
pathologist; the same area was microdissected from the other slide
and the scrapings were stored (20). The microdissected tumor mass
was then dissociated by enzyme digestion (Collagenase (0.03%)
and DNase (0.01%) in Hank’s BBS. Finally, the cell suspension was
centrifuged at 80 x g for 10 minutes and thereafter redispersed in
cell culture medium containing 10% FBS. A drop of cell
suspension was microscopically examined to rule out the possibility
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that, either because of the nature of the selected tissue or as a
consequence of the isolation procedure, the sample was
contaminated with normal brain cells or cellular debris (21).

b) BIL isolation: The brain infiltrating lymphocytes were isolated
from all the experimental animal groups with slight modifications,
as described earlier (22). The whole brain was made into a single
cell suspension by teasing and then passing it through a 80-gauge
wire mesh before incubation with a mixture of enzymes
[collagenase Type-I (0.05 mg/mL), collagenase Type IV (0.05
mg/mL), hyaluronidase (0.025 mg/mL), DNase I (0.01 mg/mL) and
soyabean trypsin inhibitor (0.2 TIU/mL)] dissolved in HBSS (22)
for 15 minutes at 37°C, twice. The digested cells were then applied
over a differential Percoll density gradient of 60/50/40/30. A thin
band was observed in between the interface of the 40/30 gradient of
Percoll. This band was collected carefully and washed twice with
PBS at 800 x g for 5 minutes. These isolated cells from all the
experimental animal groups were charecterised by anti-CD3
monoclonal antibody to ascertain the purity of the lymphocytes in
the isolated cell populations.

¢) Microglial cell isolation: The whole brain was made into a
single cell suspension by teasing and then passing it through a 80-
gauge wire mesh and digesting by incubation with collagenase
(250 pug/mL) and DNase (250 pg/mL) at 37°C for 45 minutes
each. The resulting cell suspensions were applied over 30/60%
Percoll gradients at 1000 x g for 25 minutes (23), and brain
mononuclear cells were collected from the interface. The
mononuclear cell suspensions were then laid on a plastic petri
dish (Corning, USA) and incubated for 30 minutes in a CO,
incubator. The adherent cells were washed out with PBS-EDTA
and laid on a Nycodenz gradient (1.068 specific gravity)
(Nycomed, Oslo, Norway) for 20 minutes at 400 x g for the
density gradient centrifugation. The cells were removed from the
interface and then washed three times with PBS. These cells were
then characterised with the help of a panel of monoclonal
antibodies, i.e. CD11b, CD2, RTIB and GFAP (14).

Study of cell cycle phase distribution by flow cytometry. For the
determination of cell cycle phase distribution, 1x10° cells from each
group of animals were suspended in 1 mL of 2.5%
paraformaldehyde for fixation. The cells were then washed with
PBS and incubated with 30-50 uL/mL of DNase free RNase for
1 hour at 37°C, followed by centrifugation. The cell pellet was
resuspended in the propidium iodide (PI) using Cycle TEST PLUS
DNA reagent kit, at a density of about 1x10¢ cells/mL and
incubated for 1 hour at 37°C. Cell cycle phase distribution of
nuclear DNA was determined on FACS, fluorescence detector
equipped with 488 nm argon laser light source and 623 nm band
pass filter (linear scale) using Cell Quest software (Becton
Dickinson). A total of 10,000 events were acquired and analysis of
flow cytometric data was performed using ModFit software. A
histogram of DNA content (X-axis, PI-fluorescence) versus counts
(y-axis) are displayed (24, 25) (Figures 2, 3, 4).

Quantification of apoptosis by TUNEL assay. The ApoAlert DNA
Fragmentation Assay Kit (Clontech Laboratories, Palo Alto, CA,
USA) detects apoptosis-induced nuclear DNA fragmentation via a
fluorescence assay (25-27). For this assay, 3-5x10° cells (tumor
cells, microglial cells and BIL) were collected and washed twice
with PBS and finally resuspended in 0.5 mL of PBS. The cells were
fixed by adding prechilled 1% formaldehyde in PBS (w/v) and
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Figure 1. Reverse-phase HPLC of the elute fraction containing T11TS
activity obtained from ion-exchange chromatography.

incubated at 40°C for 20 minutes. The cells were again washed
twice with PBS and resuspended in 0.5 mL of PBS. To
permeabilize the cells, 70% ice-cold ethanol was added and
incubated at —20°C for 14 hours. Following a PBS wash, the cells
were resuspended in 1 mL PBS and transfered to 1.5 mL amber-
coloured microcentrifuge tube, to protect the sample from light.
After centrifugation, the PBS was discarded carefully and the cells
were resuspended in 80 uL of supplied Equilibration buffer
(200 mM potassium cacodylate, 25 mM Tris-HCI, 0.2 mM DTT,
0.25 mg/ml BSA, 2.5 mM cobalt chloride) and incubated for 5
minutes at room temperature. The TdT incubation buffer was
prepared by mixing the equilibration buffer, nucleotide mix and
TdT enzyme (at a ratio of 45:5:1) and kept on ice. A TdT-minus
negative control incubation buffer (replacing TdT enzyme with
deionised water) was also prepared. The cells from each sample
were centrifuged and resuspended in 50 uL of TdT incubation
buffer. The suspension was then incubated at 37°C in a water bath
for 60 minutes with mixing by gentle pipetting at 15-minute
intervals. Twenty mM of EDTA was added and mixed gently by
vortexing to terminate the reaction. After centrifugation, the cells
were resuspended in 1 mL of 0.1% Triton-X/BSA/PBS. This step
was repeated once. Finally, the cells were centrifuged and
resuspended in 0.5 mL of propidium iodide buffer (0.5 ug/mL of
PI, 0.5 pg/mL of DNase-free RNase dissolved in PBS), followed
by incubation in the dark at room temperature for 20 minutes.
Analyses were performed in FACS. Apoptotic cells were collected
based on green fluorescence at 520 nm. All cells were sorted on
red fluorescence at 620nm (Figures 5, 6, 7).
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Figure 2. Effect of T11TS in inducing apoptosis of the neural tumor cells was determined by propidium iodide staining of the nucleus, followed by flow
cytometric analysis. Maximum hypodiploid (apoptotic) tumor cells and least number of hyperdiploid (dividing) cells were found in animals that receive
three booster doses of T11TS (ET3) at 6-day intervals.
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Figure 3. PI-FACS analysis revealed the fact that, in the case of microglial cells, the increase of apoptosis in the ENU group (M1-9.08) compared to the
normal group (M1-2.27), remained static in ET1 (10.53) , ET2 (12.17) and ET3 (14.65), which are significantly lower than that of tumor cell counterparts.
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Figure 4. PI-FACS analysis of the BIL isolated from normal animal group showed a few hypodiploid cells (1.73). BIL from the ENU group showed an
increment of hypodiploid cells (apoptotic cell) compared to the normal group. The apoptosis rate of BIL increased further in the ETI group but
interestingly decreased in the ET2 group and huge apoptosis was again observed in the ET3 group.

Assessment of cytotoxic activity of lymphocytes. a) Splenic
lymphocytes: A newer approach to this method has been adopted
using a fluorochrome dye Hoechst 33342 (HO-33342, Sigma,
USA). The method (11, 12) was found to be more suitable and
accurate than the vital dye exclusion test or 51Cr release assay, in
that the former is somewhat gross and the latter involves non-
specific diffusion of radio-chromium from cells spontaneously with
greater masking effect, whereas HO-33342 binds to DNA of cells
irreversibly without leakage until lysed. Tumor cells (target) (a
steady glial tumor line, syngenic in nature) were labelled with HO-
33342 fluorochrome dye (6 pg/109/mL) for 15 minutes at 37°C and
excess was washed off (total incorporation). The cytotoxicity assay
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was performed by maintaining an effector (splenic lymphocytes):
target ratio at 10:1 during an incubation (37°C, 4% CO, and
humidified environment) period of 18 hours. Fluorochrome
released as per target lysis (experimental lysis), measured in a
spectrofluorimeter (Hitachi, Tokyo, Japan), provided an index of
the cytotoxic efficacy of the effectors. A labelled target group was
maintained alone for spontaneous lysis (Figure 8). The results
were calculated as follows:

Experimental lysis - Spontaneous lysis

- - x 100
Total incorporation
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b)Brain infiltrating lymphocytes (BIL): A steady established
ENU-induced glioma cell line served as target in this experiment.
Brd-U-labelling of the target cells was performed as described
above. Ona hundred mL of Brd-U-labelled target cells (2x105
cells/ml) were transferred into duplicate wells of a 96-well round-
bottom microtitre plate. To these 100 uL of additional culture
medium containing BIL (effector) isolated from different groups
were added per well in a effector: target ratio of 100:1. Negative
controls were maintained for each well. It was then incubated for
6 hours at 37°C in a humidified atmosphere (5% CO,). After
centrifugation for 10 minutes at 250 x g, 100 uL of supernatant
were taken and analysed in the ELISA procedure, as described
above (28, 29) (Figure 9).

CD4-CD8 counts of the splenic and brain infiltrating lymphocytes.
Splenic lymphocytes separated on a Percoll gradient (12), and the
brain infiltrating lymphocytes separated as described earlier, were
tagged with anti-CD4-FITC and anti-CD8 PE conjugate and
isotype control IgGja was maintained. In total, 10,000 events were
acquired and data were analysed using Cell Quest software
(Beckton Dickinson). The cells were gated with the leukogate
software and positive control of lymphocyte cell markers (13)
(Figures 10, 11).

Statistical analysis. Statistical analysis of the results was performed
using the Student’s ¢-test of the standard deviation from the mean
of different data. All results were evaluated statistically by applying
the SPSS-PC package (Version 9.0, SPSS, Chicago, IL, USA). A
probability of p<0.01 was considered statistically significant.

Results

Reverse phase-high performance liquid chromatography. The
reverse phase-HPLC chromatogram using 0.1% TFA-
water and 0.1% TFA acetonitrile gradient produced a
single sharp peak, with a retention time of 36 minutes and
acetonitrile gradient between 80-85%. Functional
assessment along with ELISA indicated the activity of
T11TS/ SLFA-3 of this peak. This was followed by a small
hump at a retention time of 70 minutes onwards (Figure
1). After reverse-phase HPLC, the fractions were collected
and the activity of T11TS / SLFA-3 was monitored by
ELISA procedure using anti-human LFA-3. Among the
fractions, 0.8 ml indicates the presence of T11TS.The
identical RP-HPLC analysis was performed repeatedly,
and the fraction with T11TS activity was collected (0.8 ml
in each case) and pooled. In this way, 6 ml of fractions
were collected and concentrated using an Amicon
Centricon 30 microconcentrator: the protein content
determined by Lowry’s method demonstrated the presence
of 50 ug of purified T11TS in this fraction.

Flow cytometric analysis of cell cycle phase distribution before
and after TIITS application. The effect of the T11TS
fraction on brain tumor cells, BIL and Mg cells in animals
with experimentally-induced tumor (with ENU) showed
very interesting results.
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Figure 5. Determination of percentage of apoptotic cells among the total
brain tumor cells isolated from different experimental animal groups with
or without T11TS application by TUNEL assay.
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Figure 8. Cytotoxicity assay (CTL-Assay) of splenic lymphocytes (SL) as
determined through HO-33342 release in different groups of rats.
Significant decrease in cytotoxic efficacy of SL is noted after ENU
induction (E). The third booster dose of T11TS administration (ET3) was
found to induce CTL at its maximum in the ENU-induced animals.

a) Brain tumor cell: The percentage of glial cells in GO/G1-
phase (diploid i.e. normal cell) and S-phase (hyperdiploid i.e.
dividing cells) were 73.26 and 3.53, respectively in the normal
animal group (Gr-1). The percentage of tumor cells in
S-phase markedly increased (M3-14.79) in the ENU-induced
group along with the decrease in the GO/Gl-phase
percentage (M2-38.05). With the application of the
immunotherapeutic dose of TI11TS, there was a steep
increase in the apoptotic rates from 42.51 in ET1 to 66.90 in
the ET3 group, indicated by the sharp and significant
increase of percentage of hypodiploid cells. Correspondingly,
in the M3 (cells in S-phase) quadrant the hyperdiploidy
nature or newer DNA synthesis sharply decreased from the
ENU group (14.79) to the ET3 group (2.08), which was even
lower than that of the normal group (Figure 2).

b) Microglial cells: The increase of apoptosis in the ENU
group (M1-9.08) compared to the normal group (M1-2.27)
remained static in ET1 (10.53) , ET2 (12.17) and ET3
(14.65), which were significantly lower than that of the
tumor cell counterparts (Figure 3).

¢) Brain infiltrating lymphocytes: The percentage of G0/G1-
phase cells was 65.56 in BIL isolated from normal animal
group with very few hypodiploid cells (1.73). However, BIL
from the ENU group showed a slight increase of hypodiploid
cells (apoptotic cell) and fewer cells in G0/G1-phase (M2-
56.5) and S-phase (M3-14.42) compared to the normal
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Figure 9. Cytotoxicity assay of the brain infiltrating lymphocytes, as
assessed by ELISA assay kit also demonstrated increased cytotoxic activity
of the infiltrating lymphocytes after T11TS administration.

group. After T11TS application, BIL apoptosis in ET1
(35.83) increased significantly, but is interestingly reduced in
ET2 (22.89), with a sharp rise in ET3 (69.231), indicating the
homeostatic killing of the higher numbers of activated
infiltrated cells. A slight decrease in hyperdiploidy from the
normal group (21.16) was maintained more or less at a
steady state in all the other groups (Figure 4).

TUNEL assay. The results obtained from the TUNEL assay
(using ApoAlert DNA fragmentation assay kit, Clontech, Palo
Alto, CA, USA) exactly quantify the apoptotic cells in different
cell populations isolated from different experimental animal
groups. In the case of tumor cells isolated from ENU-induced
groups, a slight increase of apoptosis (0.89%) was observed
compared to the normal control (0.32%). T11TS / SLFA-3
administration in ENU-induced animal presented a drastic
increase of apoptosis of the brain tumor cells in a dose-
dependent manner, i.e. ET1 (34%) and in ET2 (69%). The
maximum apoptosis was observed in the ENU-induced groups
that received three consequetive booster doses of T11TS. The
major proportion (96%) of the isolated tumor cells was
apoptosis-positive in the ET3 group (Figure 5).

For microglial cells, a slight increase of apoptosis in the
ENU-induced group (11.22%), compared to the normal
(2.08%) could be observed. Whereas, after three successive
booster doses of T11TS administration, the apoptosis rate
of the microglial cells slightly increased in each respective
dose (ET1-13.66; ET2-14.71 and ET3-16.37) compared to
the ENU-induced state (E-11.22) (Figure 6).

The apoptotic infiltrating lymphocytes were 2.06% in
ENU-induced animals, which increased after the 1st dose of
T11TS administration (36%). Interestingly, reduction of
apoptotic BIL decreases after the 2nd dose of TI11TS
(21%), whereas after the 3rd booster dose a huge apoptosis
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Figure 10. Effects of T11TS administration (ETI-ET3) on CD4/CD8 expression on splenic lymphocytes (10a:N, 10b:E, 10c:ET1, 10d:ET2, 10e:ET3):
Lymphocytes from the ET2 animals showed maximum CD2 expression as revealed by flow cytometric analysis (FACS-Calibur, Beckton Dickinson).

(73%) of BIL was observed, indicating that it is a regulatory
dose following an effective immune response (Figure 7).

Cytotoxic activity of the lymphocytes increases after T1ITS
administration. a)Splenic lymphocytes: The lymphocyte-
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mediated cytotoxicity, as determined by percent lysis, was
30%+2.2% in the normal animals. However, a sharp
decrease in cytotoxic efficacy occured in the 6th month after
ENU administration (14.2%+2.1%). A significant increase in
cytotoxic efficacy (24.83% +1.8%) was observed when the 1st
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Figure 11. Effects of T11TS administration (ETI-ET3) on CD4/CD8 expression on brain infiltrating lymphocytes (11a:N, 11b:E, 11c:ETI, 11d:ET2,
11e:ET3): Lymphocytes from the ET2 animals showed maximum CD2 expression as revealed by flow cytometric analysis (FACS-Calibur, Beckton
Dickinson).

dose of isolated immunodominant group of SRBC, i.e. improvement in cytotoxic activity of the lymphocytes was
T11TS, was administered in ENU-induced, tumor-bearing  observed with the 3rd dose of TI11TS application
animals. However, the most significant (p<<0.001) (51.5%=3.1%) (Figure 8).
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b)Brain infiltrating lymphocytes (BIL): A sharp decrease
in cytotoxic activity of the BIL was observed in ENU-
induced group (E-0.028) compared to the normal group
(N-0.112). The cytotoxic activity of BIL increased in a dose-
dependent manner after the application of T11TS in the
ENU-induced animals (ET1-1.089; ET2-2.003). However,
the most significant increase was observed in ET3 BIL
(ET3-2.857), which surpassed the normal value (Figure 9).

CD4-CD8 counts of the splenic and brain infiltrating
lymphocytes. Flow cytometric analysis quantified the
presence of CD4+ and CD8+ lymphocytes in the brain
infiltrating lymphocytes isolated from normal, ENU-
induced, as well as T11TS-treated animals. Compared to
the normal splenic CD4+ (13.64) and CD8+ (12.13) cells,
after ENU induction a drastic decrease of CD4+ (3.69)
and CD8+ (7.29) cells was observed (Figure 10). The
CD4+/CD8+ cell count from the brain infiltrating
lymphocytes also showed the same type of results,
suggesting a leukopenic state after ENU administration.
However, after three successive doses of TI11TS
administration in these leukopenic animals, a reversal of
the immunosuppressed leukopenic state to an immune
potentiated state was observed. This was best observed
after the third booster dose of T11TS, in which the CD4+
brain infiltrating cells were 32.11% and the CD8+ cells
were 37.41%, indicating a strong antitumor immune
response within the cranium (Figure 11). The peripheral
immune system also correlated strongly with the
intracranial findings after the third dose of T11TS.

Discussion

In the present study, the CD4+-CD8+ lymphocyte
infiltration along with the cytotoxic activity of the splenic
and brain infiltrating lymphocytes was greatly enhanced
after T11TS administration, indicating potentiation of
intracranial immune responses. In our earlier studies, we
reported that T11TS could elicit an effective antitumor
response by immune potentiation in an animal model of
brain tumor. T11TS administration in ENU-induced brain
tumor showed significant prolongation of survival with
histological demonstration of reversal of hyperplasia
(characteristic feature of neoplasia in ENU-induced
animals) to the normal cellular state (in ENU-induced
T11TS-administered group) (10, 12). Among the resident
brain cells, microglia (Mg) is the chief immunomodulatory
cell (30). Previously, we also showed (14) the activation and
functional compertmentalisation of Mg cells after T11TS
administration in tumor-bearing animals. The present study
indicated a more or less steady apoptosis of Mg cells in the
ENU-induced animals, with and without TI11TS
administration. The results suggest that T11TS did not
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generate any cytotoxicity to the resident brain cells, as
evidenced from its effect on Mg cells. It specifically
destroyed the tumor cells by inducing apoptosis and
increased the cytotoxic activity of the infiltrating
lymphocytes at the same time, suggesting the immunocyte-
mediated apoptotic death of tumor cells.

Characterising the splenic CD4+ and CD8+ lymphocytes
revealed that tumorigenesis resulted in a decrease of both
the CD4+ and CDS8+ positive cell population in the
peripheral compartment (Figure 10). Lymphocytes isolated
from the intracranial part also showed decreased number of
both the subtypes (CD4+ and CD8+) in the ENU-induced
tumor-bearing animals (Figure 11). Previous studies from
other groups (31) also showed total T-cell lymphopenia as a
hallmark of patients harbouring glioma. The responsible
factor for the decrease in T cell number was possibly the
Fas/Apo-1 and Fas ligand-mediated apoptosis of T cells in
the brain. As it has been shown (32-34) that glioma cells can
also express FasL and its counterpart, Fas/ Apo-1, it is
possible that T cells could be signaled to die by direct
contact with the glioma cells in the brain (35). Tumor-T cell
contact may not be required for T cell apoptosis in
peripherally circulating cells, as recent observations suggest
that soluble factors and /or cytokine dysregulation generated
by peripheral blood-derived monocytes may influence T cell
function and could potentially facilitate T cell apoptosis (36).
T11TS administration in such T cell lymphopenic animals
demonstrated a dramatic increase of CD4+ and CD8+ cell
count, both in the peripheral as well as intracranial parts.
This indicated the restoration of the T cell proliferative
potentials along with lesser T cell apoptosis via Fas-FasL
interaction with the tumor cells (within the cranium) and by
the soluble factors and cytokine dysregulation (in the
peripheral part). This study revealed the fact that T11TS not
only activates and restores the proliferative potentials of the
lymphocytes, but in turn it also renders protection against
the possible routes to apoptotic death.

Glioma-bearing patients exhibited deficient in vivo T cell
immune reactivity, resulting in cell-mediated immune
suppression (37). Moreover glioma-generated factors such
as TGF-B, PG-E2 etc., that are known to suppress T cell
responses, alter the cytokine profile of monocytic APC that,
in turn, inhibit T cell functions (38). Our findings also
support the fact that tumor development is associated with
rapid down-regulation of immune functions, as evidenced
from the cytotoxic activity of the splenic as well as
infiltrating lymphocytes in the tumor-bearing group (Figures
8, 9). The diminished cellular immunity may be due to
cytotoxic dysfunction with decrease in IL-2 and / or IFN-y
(Th1) production and increases in IL-4, IL-5 and / or IL-10
(Th2) production and ultimately contribute to tumor-
associated immune dysregulation (38-41). T11TS / SLFA-3
exerts a direct stimulatory effect on the peripheral immune
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system and thereby activates the total lymphokine network.
Current data suggest that the activation of the splenic
lymphocytes play an integral role in the T11TS-mediated
response. The dose-dependent increment of the cytotoxic
activity of the splenic as well as BIL was observed after 3
successive booster doses of T11TS / SLFA-3, in ENU-
induced immunosuppressed animals, suggesting peripheral
immune potentiation followed by intracranial immune
potentiation (Figures 8, 9). These findings strongly support
the fact that T11TS administration can revert the glioma-
induced suppression of lymphocytes back above its normal
active state. Several researchers (42, 43) have also reported
that cytotoxic lymphocytes destroy the virus-infected cells or
tumor cells via caspase-independent apoptosis machinery.
In detail, cytotoxic lymphocytes secrete certain protease-like
perforin and granzyme. Perforin makes holes in the
membrane of the target cells, thus facilitating the entry of
granzyme into the cell. Following entry, granzyme-B cleaves
and thereby activates caspase-3 ( 44, 45). The activation of
caspase-3 has been linked with the onset of hallmark
apoptotic events such as DNA fragmentation and
membrane alterations through the cleavage of cellular
substrate, such as the inhibitor of caspase-activated
deoxynuclease (ICAD) (DNA fragmentation factor-45) (46)
and gelsolin (47), as well as numerous others.

Propidium-iodide FACS analysis demonstrated the fact
that hyperdiploidy of tumor cells was arrested by T11TS
administration. Moreover, hypodiploid cells (i.e. apoptotic
tumor cells) increased in number after each successive dose
of T11TS administration, indicating the fact that tumor cells
were induced to undergo apoptosis by the immunocytes that
were potentiated after T11TS administration (Figure 2).
From the TUNEL assay, it was clear that a negligible amount
(0.32%) of apoptotic-positive cells were demonstrated in the
glial cells isolated from the normal animal groups. Although
there was a slight increase in the rate of apoptosis in the
ENU-induced group (0.89%) compared to the normal, the
increment was not so prominent. The slight increase of
apoptotic-positive cells in the ENU-induced animals could be
explained by the fact that some apoptosis is always associated
with tumorigenesis. Immunotherapy with T11TS in ENU-
induced animals showed a drastic increase of apoptosis in a
dose-dependent manner and apoptosis-positive cells showed
a maximum in the animal group that received three
successive booster doses of T11TS (Figure 5). These findings
clearly indicated that T11TS induced (directly or indirectly)
the tumor cells to enter the apoptotic cascade, thereby
leading to tumor mass destruction.

The underlying molecular interactions of T11TS action lie
in the fact that it acts as a ligand for the CD2 / T11 molecules
present on different immunocytes (T cell, NK cell, PMN,
macrophages and microglia) (13, 48-50). Several studies
showed that CD2-CD58 interaction between T cells and their

cognate partners facilitated the T cell recognition process and
subsequent T cell activation (48). Furthermore, the CD2
interaction with CD58 regulates the response of activated T
cells to IL-12 (51, 52). Hence both IL-12-stimulated T cell
proliferation and IFN-y production are markedly augmented
by CD2 ligation. Sedwick et al. (4) reported that most of the
brain infiltrating lymphocytes were CD2+, af3+ type, strongly
suggesting T11TS-mediated triggering followed by activation
and infiltration of CD2+ positive cells into the brain case.
Although the immunomolecular background of CD58 and its
CD2-mediated signal transduction procedure were described
earlier, we are the first to report a unique antitumor immune
potentiating role of the CD2-T11TS interaction.

As the apoptosis-inducing role of T11TS was found in case
of isolated tumor cells, the effect of T11TS on the microglial
cells was monitored. T11TS administration activates the
splenic and infiltrating lymphocytes, resulting in intracranial
immune potentiation. Microglial response in such immune-
modulation is an important factor in controlling the proper
functioning of the brain immune system. Here, we used
propidium iodide-DNA staining to identify apoptotic cells and
cells at different stages of the cell cycle. We report that, full
grown tumor in CNS (Gr-2) (E) leading to increased
apoptotic death of Mg cells may be due to immuno-
suppressive factors generated by the tumor cells. Application
of T11TS in such ENU-induced tumor-bearing animals
showed little increase of apoptosis of Mg in three successive
booster doses. The number of diploid cells (i.e. 2n) (M-2) and
hyperdiploid (dividing) cells (M3) increased in the ET1 and
ET2 groups indicating the restoration of the proliferative
potentials of Mg cells after T11TS administration (Figure 3).
Data obtained from the TUNEL assay showed a low level of
apoptosis of Mg cells in normal condition, indicating that
there must be a renewal of Mg cells occurring in normal
course. In tumorigenic condition (ENU group), the apoptosis
of Mg cells increased (11.22%) and this might be attributed
to the changes in the intracranial microenvironment after
tumor formation. These changes include the decrease of
supply of nutrients and growth factors, change in the neural
immune system due to the secretion of different suppressive
factors by the tumor cells, and the Fas (CD 95) / FasL
(CDY5L)-mediated killing of the Mg cells. Application of
T11TS in such ENU-induced animals showed a very small
increase in apoptosis in three successive doses (ET1-13.66;
ET2-14.71; ET3-16.37) (Figure 6).

Brain infiltrating lymphocytes play a distinct role in brain
inflammation. PI-FACS analysis revealed that the
percentage of hypodiploid BIL (apoptotic BIL) slightly
increased in ENU-induced tumor-bearing animals, which
may have lost the activity due to secretions of the
suppressive factors from the tumor cells. After the 1st dose
of T11TS, the rate of apoptosis increased (35.83%), whereas
in the ET2 group, the apoptosis rate was drastically reduced
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(22.89%), indicating T11TS-mediated protection of the
infiltrating lymphocytes. Interestingly, the hypodiploid cell
(apoptotic cell) percentage again increased after the 3rd
booster dose, indicating that a regulatory dose maintained
the intracranial cellular homeostasis (Figure 3). The results
obtained by the flow cytometry-based TUNEL assay
completely correlated with the results obtained from the
PI-FACS analysis (Figure 7). It was clear that infiltrating
lymphocytes underwent a greater degree of apoptotic death
in the ET1 group than the ET2 group, whereas in the 3rd
dose the apoptotic rate increased sharply.

All these observations establish T11TS / SLFA-3 as a
specific apoptosis inducer of brain tumor cells by
potentiating the intracerebral immune status. Apoptosis of
Mg and brain infiltrating lymphocytes can be explained in
terms of changes in the neural immune system before and
after T11TS administration. Moreover, increase of apoptosis
of Mg cells was observed after ENU administration, which
slightly increased further after T11TS administration along
with increased proliferative potentials, indicating renewal of
the Mg population of the brain. To conclude, these results
imply a specific tumor cell destruction capability of T11TS /
SLFA-3 by modulating the interaction between the
infiltrating lymphocytes and microglia.
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