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Tumor-Infiltrating Lymphocytes in Wilms Tumor

Abstract

Purpose: T-lymphocytes-infiltrating tumors (TILs) are white blood cells (CD3+) found within
the tumor and are thought to indicate a T-cell-mediated specific immune response. The purpose
was to evaluate the presence and the subtypes of TILs in Wilms tumor (WT) specimens.
Materials and Methods: A prospective study was conducted, and consecutive cases of WT
registered and treated at our center were included in the study. The resected tumor was processed by
taking multiple sections from the tumor and the peritumoral area. The sections were then processed
for evaluating TILs and their subtypes (CD4 + and CD8+). TILs were assessed as a percentage of
the total mononuclear cell infiltration in both these areas in all specimens. Results: Twenty-four
consecutive specimens of WT were studied. The mean TILs (CD3+) counts was significantly
higher (P = 0.001) in the peritumoral area (22.64 + 1.42; range 20.2%-25%) as compared to the
tumor (21.08 + 2.42; range 14.6%-23.1%). The mean T-Helper (CD4+) counts was also significantly
higher (P < 0.001) in the peritumoral area (13.04 + 1.79; range 10.5%-16.5%) than in the
tumor (7.30 £+ 1.81; range 4.2%-10.1%). The mean cytolytic T-lymphocytes (CTLs-CD8+) counts in
peritumoral area were 6.64 £+ 1.09 (range 4.2%-9.2%), while in the tumor, it was 11.96 + 3.09 (range
3.6%—-16.4%). Two patients died on follow-up due to recurrence. These patients showed a markedly
lower CD8&+ cell count and higher CD4+/CD8+ ratio in the tumor. Conclusion: T-cells infiltration
takes place in WT, and most of the patients demonstrate a higher concentration of CTL (CD8+) in

the tumor as compared to the peritumoral area.
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Introduction

The immune surveillance emphasizes a
reciprocal interaction between the incipient
tumor and the host immune system. T-cells
form a vital part of this immune system.
Tumor-infiltrating lymphocytes (TILs) are
defined as white blood cells that have left
the bloodstream and migrated into a tumor.
TILs consist of lymphocytes, mainly T-cells
and minor populations of natural killer cells
or B-cells. TILs may represent an active
immune response of the host, specifically
directed to the tumor."! Immune cells, such
as CD8&+ T-cells, can naturally remove cancer
cells, which implies that certain subtypes
specifically recognize cancer cells by
specific interactions with the T-cell receptor
and tumor-associated peptides. These T-cell
subtypes may contribute significantly to
the efficacy of anti-cancer immunotherapy,
including immune checkpoint blockades.™

Several attempts have been made to
evaluate the infiltration and thus the
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prognostic  significance of TILs in
human cancers such as breast cancer,?*
ovarian  cancer,’!  colorectal  cancer,
hepatocellular carcinoma,” lung cancer,®!
renal cell carcinoma,'” melanoma,!'!
gastric  cancer,'”? neuroblastoma,!’¥! and
sarcomas.™  Pronounced  lymphocytic
infiltration has shown to be a prognostic
parameter for better survival. This study
was undertaken to study the presence
of TILs and their subtype distribution
in Wilms tumor (WT) in relation to the
outcome.

Materials and Methods

This was a prospective study which involved
consecutive cases of WT registered and
treated at the pediatric Surgery Solid Tumor
Clinic of our Institute. Ethical clearance
was obtained from the Institutional Ethics
Committee. Specimens of all patients with
WT, who were operated primarily or after
chemotherapy, were immediately taken
to the department of pathology, and gross
examination was carried out. Multiple
sections were taken from the central part of
the tumor and peritumoral region.
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Protocol for immunohistochemistry

Tissue was fixed in 10% formalin and embedded in
paraffin; 3—5-um sections were obtained on poly-1 lysine
coated slides. Slides were deparaffinized in xylene 2 times
for 5 min. Sections were rehydrated through graded
alcohol. Sections were rinsed in phosphate-buffered
solution (PBS) twice for 5 min. Antigen retrieval: Slides
were put in sodium citrate buffer (pH 6.0, 10 mM)
and put in microwave for 10 min at 800 W for antigen
retrieval. Serum blocking: slides were allowed to cool for
20 min. Serum blocking was done to prevent nonspecific
interactions of the antibodies. Tissue sections were
incubated with primary antibodies (CD3+, CD4+, and
CDS8+) overnight at 4°C. Primary antibodies were obtained
from Dako, Denmark, and used at the appropriate dilution
as provided in the company datasheet. Tissue sections
were rinsed in PBS for 10 min. Peroxidase blocking:
Peroxidase blocking was performed by incubating the
sections in 3% H,O, in PBS for 10 min. Sections were
washed in PBS for 10 min. Biotinylated secondary
antibodies were added, and sections incubated for 15—
30 min at room temperature. Rinse sections in PBS for
10 min. Streptavidin — peroxidase complex was added to
the sections and incubated for 10 min. Rinse sections in
PBS for 10 min. Development of chromogen: To visualize
the antigen-antibody reaction, di-amine benzidine was
used as chromogen with 0.3% H,O, as a substrate to
visualize the antibody. The reaction was monitored under
a compound microscope until suitable color development
was obtained. The reaction was stopped by putting the
slides in PBS. Slides were rinsed in distilled water and
dried. They were counterstained with hematoxylin to
visualize the nuclei.

Mononuclear cell infiltration was studied in both tumor
and peritumor area. Ten fields were seen randomly. CD3+,
CD4+, CD8+ cells infiltration was seen, and the percentage
was calculated with respect to total mononuclear cells
infiltration in both tumor and peritumor area within the
renal parenchyma. The immunostained slides were imaged
using an image analysis system. The image analysis
system consisted of a research microscope (B x 50;
Olympus, Tokyo, Japan), 10-bit digital camera (Xilix
Correco, Canada), image grabber card (F-64, Cerreco
Corp, Quebec, Canada), and a personal computer (P-III;
Digital Corp, California, USA). The image analysis
software used was Optimal 5.2 (Optimas Corp, California,
USA).

Statistical analysis

Statistical analysis was carried out using STATA
9.0 (College Station, TX, USA). Data were presented
as mean =+ standard deviation or median (range) as
appropriate. The difference in means/medians between
tumor and peritumor groups was compared using f-test/
Wilcoxon rank-sum test.

Results

Twenty-two consecutive children with renal tumors were
enrolled in this study. The patient characteristics are
depicted in Table 1. Fifteen patients presented with an
asymptomatic mass, three presented with abdominal pain
and mass, two presented with mass and hematuria and two
presented with pain, hematuria, and mass. Radiologically,
inferior vena cava thrombsis was detected in two patients.
Of the 22 patients with WT, 4 patients had stage 1
disease, 15 had stage 3 disease, 1 patient had stage 4
disease (bilateral lung metastasis), and two were of stage 5
disease. A total of 24 WT specimens were included in the
present study (two bilateral tumors).

TILs in peritumoral and tumor tissues: The CD3+ counts
[Table 2] in the peritumoral tissue ranged from 20.2%-25%
with a mean of 22.64 + 1.42 while that in the tumor
tissue ranged from 14.6% 23.1% with a mean of
21.08 £2.42 (P =0.001). The CD4+ counts [Figure 1] in the
peritumoral tissue ranged from 10.5%-16.5% with a mean
of 13.04% =£1.79% while the range in the tumor tissue was
4.2%—-10.1% with a mean of 7.30% =+ 1.81% (P < 0.001).
The CD8+ counts in the peritumoral tissue ranged from
42% to 9.2%, with a mean of 6.64% =+ 1.09%. The
range in the tumor tissue was 3.6%-16.4%, with a mean
of 11.96% =£3.09% (P < 0.001). The CD4+/CD8+ ratio
in the peritumoral tissue ranged from 1.37 to 2.92, with
a mean of 2.0l + 0.43. The CD4+/CD8+ ratio in the
tumor tissue ranged from 0.21 to 2.625, with a mean of
0.74 £ 0.61 (P < 0.001).

Out of 22 patients with WT, two died during a mean
follow-up of 100 months (80-118 months). Both the
children died because of recurrence, which could not be

Table 1: Patient demographics and survival

Parameter Patient (n=22)
Age (months), mean+SD 35.1+£21.77
Sex (male: female) 13:9
Laterality (right: left: bilateral) 15:5:2

Mean follow-up (months) (range) 100 (80-118)
S-year OS and DFS (%) 90.9

SD — Standard deviation; OS — Overall survival; DFS — Disease-free
survival

Table 2: Tumor-infiltrating lymphocytes as detected by
various markers in the tumoral and peritumoral area

Marker Peritumoral Tumoral
infiltration (%) infiltration (%)
CD3+ 22.64+1.42 21.08+2.42
CD4+ 13.04+1.79 7.03+1.81
CD8+ 6.64+1.09 11.96+3.09
CD4+/CD8+ 2.01+0.43 0.74+0.61

The difference in the TILs in the tumoral and peritumoral
area was statistically significant, with P<0.001.
TILs — T-lymphocytes-infiltrating tumors
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salvaged whereas all other patients had no recurrence and
are disease-free, at last follow-up. These children, who had
died, demonstrated a less degree of central tumor infiltration
with TIL, with the total CD3+ count being 16% and 14.6%
as compared to the mean of 21.72% =£1.54% [Table 1] for
those who survived. The proportion of CD8+ infiltration
into the central tumor tissue was much lower than those
who survived (4% and 3.6% with as compared to the mean
of 12.83% +£1.9% for those who survived) [Figure 2].
The peritumoral infiltration by CD3+ cells and the subset
of CD8+ cells were not different in those who died as
compared to those who survived.

Seventeen children received preoperative chemotherapy,
while the remaining 8 children were operated upfront. The
degree of TIL infiltration in these two groups is mentioned
in Table 3. There was no significant difference in TIL
infiltration in these two subgroups.

Discussion

A dynamic microenvironment exists at the host-tumor
interface where host immune cells interact directly with
growing tumors. The microenvironment of a growing
tumor represents the complex and dynamic interaction
between an invading tumor and the inflammatory/
immune response. Tumor invasion through the basement
membrane is required for metastasis and is predicted
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Figure 1: (a) Photomicrograph of CD4 + immunostained cells in tumor
tissue; (b) photomicrograph of CD8+ immunostained cells in tumor
tissue; (c) photomicrograph of CD4 + immunostained cells in peritumoral
tissue; (d) photomicrograph of CD8+ immunostained cells in peritumoral
tissue

to induce activation of innate immune effectors, which
transit from the blood to tissues. If local inflammation is
sufficient to activate resident dendritic cells, tumor antigen
will be acquired and transported to draining lymph nodes
where T-cells activation can occur. If immunosuppressive
mediators predominate, local inflammation is prevented,
and immune priming does not occur.!”! Tumor cells try
to evade the immune defense and proliferate as explained
by the immunoediting model of Dunn et al.l'! Based on
the tumor and host immune system interaction, the tumor
may be obliterated or reach a controlled equilibrium with
the host or may escape the host immune system and grow
unchecked.

This interaction between the tumor cells and the host
immune system can have therapeutic ramifications.
The activity of immunosurveillance can be enhanced
by certain compounds which can target the immune
checkpoints. Nivolumab and pembrolizumab (two anti
PD-1 agents), MEDI4736, MPDL3280A, atezolizumab
and avelumab (anti PD-L1 agents), and ipilimumab (an
anti cytolytic T-lymphocyte-A4 [CTLA4] agent) are
currently under clinical evaluation, showing a certain
anti-tumor activity with regard to different solid tumors
such as renal-cell carcinoma, nonsmall cell lung
cancer, and melanoma.l'’"! CD3+, CD4+, CD8+, CTL
line from TIL of WT had been established by Nagai
et alP?” This CTL line possessed HLA-A2402-restricted
and tumor-specific cytotoxicity, indicating that there may
exist a T-cell-mediated specific immunity at the tumor site
of children with WT.

The presence of TILs within the tumor microenvironment is
considered to be an indication of the host immune response
to tumor antigens. TILs may become a significant prognostic
factor in clinical settings, as they could be seen as an
attempt of the immune system to eradicate the neoplasm.
TILs infiltration has been reported in various cancers such

Figure 2: Photomicrographs of immunostained tumor tissue in the child with
poor prognosis. (a) CD4 immunostained cells; (b) CD8 immunostained cells

Table 3: Tumor-infiltrating lymphocytes as detected by various markers in the tumoral and peritumoral area in
chemotherapy-naive children and children who received preoperative chemotherapy

Group Mean central tumoral area infiltration (%) Peritumoral area infiltration (%)
CD3+ CD4+ CD8+ CD4+/CD8+ CD3+ CD4+ CD8+ CD4+/CD8+
Chemotherapy (n=17) 20.9 11.8 7.1 0.69 22.6 13.1 6.4 2.09
No chemotherapy (n=8) 21.4 12.1 7.7 0.87 22.6 12.6 7.2 1.8
P 0.35 0.43 0.17 0.31 0.5 0.69 0.08 0.89
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as breast cancer,’) ovarian cancer,™ colorectal cancer,
hepatocellular carcinoma,” lung cancer,® renal cell
carcinoma,!'” melanoma,!"! and gastric cancer!’” and has
been associated with good prognosis. A systematic review
and meta-analysis by Mao et al.,’! Yu et al.¥ showed
that infiltration of TILs subsets, CD8+ lymphocytes were
associated with improved disease-free survival (DFS) in
breast cancer. In ovarian cancer, intraepithelial CD3+ and
CDS8+ infiltration was associated with increased disease-free
survival and overall survival.®™ In renal cell carcinoma,
high infiltration of CD8+ cells was associated with good
prognosis.'” Although TILs have been studied in pediatric
solid tumors such as neuroblastoma and sarcomas,!'>4
the relevant information in WT is lacking. Moreover, the
surgical specimen of this tumor is more readily available as
compared to other pediatric solid tumors. These two factors
encouraged us to perform this pilot study in children with
WT.

The significantly increased TIL (CD3+) in the tumor
tissues in this study may denote selective accumulation
of TIL within the tumor tissue. This may be attributed
to certain chemotactic factors elaborated by the tumor
cells or body’s reaction to the tumor cells, which it may
be sensing as different from self. In the present study,
the CD4+/CD8+ ratio in the peritumoral tissue is about
2, which is the normal ratio seen in the blood. The
CD4+/CD8+ ratio is reversed in the tumor tissue (mean
of 0.74 and median of 0.58), and this is because of the
selective infiltration of CD8+ cells into the tumor. The
two patients who died in this study have been unable
to mount an effective immune response to the tumor,
as evidenced by the low CD3 + cells count of 16% and
14.6% as compared to a mean of 21.72% +1.54% in the
patients who survived [Table 1]. Besides the overall low
CD3 + counts, the CD8+ counts in the tumor tissue have
been even lower (4% and 3.6%) as compared to a mean of
12.83% +1.9% in patients who survived [Table 1]. Clearly,
in both these patients, the reversal of CD4+/CD8+ ratio
was not seen. The CD4+/CD8+ ratio in these two patients,
who died, was 2.62 and 2.72 as compared to a mean ratio
of 0.57 + 0.15 in patients who survived. This indicates that
the CD4+/CD8+ ratio may be a predictor of outcome, as
shown in other studies,?!! and needs further evaluation in
studies with a large number of patients. Although the study
shows the proportion of T-cell infiltration in patients with
WT and a possible relationship with prognosis, a definite
comment cannot be made due to the small number of
patients. Another shortcoming of this study is that only
the percentage of the TILs was mentioned rather than the
number of TILs per unit tumor cell area.

Conclusion

To conclude, significant T cells infiltration of the
tumor takes place in patients of WT and most of the
patients demonstrate a very high concentration of

CD8+ cells (CTLs) in the tumor tissue as compared to the
peritumor tissue.
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