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Abstract

Tumor infiltrating lymphocytes (TILs) are used in evaluating the prognosis
and determining treatment of different types of cancer with variable degrees
of success. The usage of checkpoint inhibitor immunotherapy as a treatment
variety for cancer and Adoptive cell therapy is associated with many compli-
cations, severe side effects and high expenses. Recently, in a limited number
of metastatic GIT and breast cancers, the identification of T-cell specific
against so-called tumor neo-antigens and Adoptive transfer of those lym-
phocytes resulted in some improvement. In 2020, Detection of a T cell recep-
tor (TCR) in a T cell clone that recognized and killed most human cancer cell
lines in vitro via the monomorphic MHC class I-related protein MRI1, offers
an opportunity for pan-cancer therapy Twenty three years earlier, Moist Heat
was used successfully to activate a whole different and new immune response
that was able to detect genetic mutation in the affected cancer cells and cured
many cases of squamous and basal cell carcinomas. In this commentary re-
view, we aimed to revise the literature for updates of TILs usage in cancer
prognosis and treatment.
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1. Introduction

Tumor infiltrating lymphocytes (TILs) are a group of lymphocytes that surround
tumor cells and exhibit diverse functions in various subsets. TILs have been
identified in primary tumors, lymph nodes, and metastases. As a heterogeneous

group, TILs include: dendritic cells (DCs), natural killer (NK) cells, myelo-
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id-derived suppressor cells (MDSCs), macrophages, and most importantly T
cells [1]. CD3+, CD4+, CD8+ and FoxP3+ T lymphocytes are the most common
subsets of TILs. CD8+ T lymphocytes belong primarily to cytotoxic T lympho-
cytes (CTLs), which are primarily responsible for the elimination of target cells,
including tumor cells. CD4+ T lymphocytes are referred to as T helper lympho-
cytes (Ths) [2]. Mosmann et al [3] first divided CD4+ T lymphocytes into Thl
and Th2 cells in the early 1980s based on different cell functions and cytokines
secreted. Thl cells activate the toxic effects of killer cells, such as enhancing
CTLs, or stimulate a delayed-type hypersensitivity to mediate cellular immune
response. Th2 cells promote antibody production and mediate the humoral im-
mune response. Multiple Researches also confirmed that other subgroups exist
in CD4+ T lymphocytes, such as CD4+ regulatory T lymphocytes (Tregs), which
characteristically express Forkhead box P3 (Foxp3). Tregs are the most impor-
tant immunosuppressive cells in the body [4] [5]. The value of TILs in oncology
is not hard to imagine based on the importance of these cells in tumor immuni-
ty, and immune cells, especially TILs, have been a hotspot in cancer research.
TILs may present a key breakthrough for anti-tumor therapy.

Our increasing knowledge of the immune cellular response, especially tu-
mor-infiltrating lymphocytes, supports the important value of these cells in
many malignant tumors. Some studies assessed the prognostic value of tu-
mor-infiltrating lymphocytes in various types of tumors, such as breast cancer,
gastric cancer, non-small cell lung cancer, and ovarian cancer [6] [7] [8] [9],
others assigned their importance as a treatment of primary tumors or metastasis
in the form of immunologic therapy [10]. Our commentary review aimed to
search the literature for the different implications of TILs in the prognosis and

treatment of various types of cancer.

2. TILs for Tumor Prognosis

Many studies across a wide range of human cancers have shown a definite asso-
ciation between the existence of tumor infiltrating lymphocytes (TIL) and pa-
tient survival [11] [12] [13] [14]. To further understand this phenomenon, addi-
tional immune markers have been used to subdivide CD3 T cells into functional
groups, with special emphasis on cytotoxic (e.g., CD8) and regulatory (e.g., CD4,
CD25, FoxP3) phenotypes [15]. While TIL-expressing cytotoxic markers are
generally correlated to favorable prognosis, TIL-expressing regulatory markers
(Tregs) were initially reported to associate with poor prognosis [15]. This find-
ing fit with the general note that Tregs suppress the adaptive immune responses
and led many groups to start mechanisms to deplete Tregs from patients with
cancer as a means to enhance tumor immunity [16] [17] [18].

Bates et al. [19] noticed that Treg numbers were significantly higher in breast
carcinomas than in the normal breast tissue and more interestingly higher in
invasive tumors than in cases of in-situ ductal carcinoma. Furthermore, a bigger

numbers of infiltrating FOXP3+ lymphocytes were correlated with higher grade,
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positive lymph node, and poor survival outcomes in invasive Breast Cancer pa-
tients. In addition, Liu et al [20] found that FOXP3+ Tregs infiltrated the sur-
rounding stroma more than the central tumor, and the presence of FOXP3+
Tregs in the adjacent stroma indicated chemo-sensitive tumors. Controversies
exist on how these cells present in tumor. The most acceptable hypothesis is that
tumor can recruit immunosuppressive inflammatory cells to intra-tumoral or
adjacent stromal sites, those different immune cells recruited have different roles
in various cancers [21].

As the most specific Treg marker, FOXP3 expression has been shown to cor-
relate with a poor prognosis in various types of human cancer, including breast
cancer and gastrointestinal cancers [22] [23]. However, a better prognostic value
of Tregs has also been observed in head and neck squamous cell carcinoma [24].
For melanoma, most previous studies have suggested that FOXP3+ cells are as-
sociated with a favorable prognosis [25]; inconsistently, the controversial results
have also been observed by others [26] [27]. Generally, the infiltration of Treg
cells into tumors inhibits antitumor immune responses, and the depletion of
Treg cells enhances anticancer treatments [28].

The mechanisms by which immune cells can predict prognosis are not clear.
Various types of immune cells play different roles in the tumor microenviron-
ment, primarily via immunosuppressive and immunological effects. Some cells
exert immunosuppressive effects, such as Foxp3+ Treg cells and mastocytes, and
other cells exert immunological effects, such as cytotoxic T lymphocytes (CTLs),
memory T lymphocytes, macrophages, and T helper lymphocytes. These effects
are indispensable and influence each other. The determining factor of overall
immune status depends on the sum of their effector functions or secretion of
immuno-active substances.

Immunological effector cells can be inhibited via the secretion of immuno-
suppressive factors, such as IL-10 and TGF-p1, or competitive binding with IL-2
by immunosuppressive cells. These conditions promote the generation of im-
mune tolerance [29] [30]. These immune conditions hamper the anti-tumor

immune response, which is more favorable for tumor growth and metastasis.

3. TILs for Tumor Immune Therapy

The immune system plays a vital protective role against cancer by identifying
and eliminating tumor cells [31]. Cancer cells express a variety of tumor asso-
ciated antigens (TAA) which can be recognized inducing an immune response
against cancer [32]. However, the immune system cannot always recognize the
specific target or the response might not be strong enough to destroy the cancer.
Sometimes cancer cells take advantage of the ability to hide from the immune
system by exploiting a series of immune escape mechanisms that might be re-
sponsible for the failure of the immune system to destroy or control cancer [33].
Immunotherapy may be viewed as a promising approach to anticancer treat-

ment which has been reported to overcome tumor-induced immune dysfunction
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and restore the ability of the immune system to fight cancer [34].

Genetic aberrations underpin all cancers. These genetic alterations are specific
to cancers and are not present in normal tissues; thus, treatments that specifical-
ly target the protein product of these genetic alterations may provide clinical
benefit in the absence of normal tissue toxicities. Cancer immunotherapies such
as adoptive cell therapy with tumor-infiltrating lymphocytes (TILs) or immune
checkpoint inhibitors have demonstrated clinical activity in patients with metas-
tatic melanoma, smoking-induced lung cancer, renal cell carcinomas, and can-
cers with DNA mismatch repair deficiency [35]-[41]. Accumulating evidences
suggest that some of these clinical responses are most likely mediated by T cells
that target the somatic mutations expressed by the tumor cells [41]-[48]. How-
ever, immune checkpoint blockade therapies are still ineffective against vast
majority of metastatic gastrointestinal (GI) cancers [36] [41], which have less
number of mutations when compared with those of melanoma and smoking in-
duced lung cancers [41] [49] [50]. This suggests that mutation-reactive T cells
may be rare or absent in the majority of these patients. If so, this would likely
pose major challenges for the development of immunotherapies that target mu-
tations in many patients with GI cancers.

Tumour-specific neoantigens arise from mutations that accumulate in tu-
mours over time, and have been demonstrated to elicit T cell responses within
the patient. These neoantigens are thought to be the major contributors to the
clinically relevant responses that have been documented following treatment
with immune-therapeutic approaches [51]. Tumours with the highest mutation-
al burden present more tumour neoantigens to the host and appear to be more
susceptible to immunotherapy [52]. More Recent data suggest that earliest clonal
mutations which arise from the first transforming mutagenic events are kept in
all the subclones despite the acquisition of more and more mutations during the
natural history of the tumour progression due to evolutionary or therapeutic se-
lection pressures [53]. Thus, the first clonal mutations are present in all cancer
cells of a patient, while other subsequent subclonal mutations are present in only
a specific proportion of the cancer cells. According to that, a T cells targeting a
single clonal neoantigen is expected to lead to complete tumour regression if all
of the cells express the antigen targeted.

A therapeutic approach of identifying clonal neoantigens, priming TILs ex
vivo to recognize them and treating patients with their own expanded clonal
neoantigen-reactive T cell (cNeT) product is expected to effectively increase the
ability of the immune system to eliminate all of the tumour cells in the body, and
solve the problem of intratumoural heterogeneity, as the recognized clonal
neoantigens are present in all tumour cells and are the most relevant therapeutic

targets for T cells.

4. Immune Checkpoint Inhibitors Therapy

Immune checkpoints are the T lymphocytes activation modulators that are es-
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sential for maintaining self-tolerance and modifying the duration and degree of
physiological immune responses in peripheral tissues in order to stop uncon-
trolled immune reactions and self-tissue damage. Unfortunately, cancer cells are
able to escape from the immune system mainly by overcoming the immune
cell-intrinsic checkpoints that induce the tumor cells to avoid the host immune
system by inhibiting T lymphocytes activation [54]. Blocking of these immune
checkpoints can modulate the immunosuppressive environment, augment an-
ti-tumor immunity and induce tumor regression. Blockers may be cytotoxic
T-lymphocyte antigen 4 (CTLA-4), programmed death 1 (PD-1), PD ligand 1
(PD-L1) and lymphocyte activation gene-3 (LAG-3) with monoclonal antibodies
(mAbs) [55].

Inhibition of CTLA-4 by ipilimumab represents the first drug ever used in
immune checkpoint inhibitor treatment. Ipilimumab was licensed for use in ad-
vanced metastatic melanoma [37]. The second group of drugs for immune
checkpoint inhibition were anti PD-1 (nivolumab and pembrolizumab) or anti
PD-L1 (atezolizumab, avelumab and durvalumab) antibodies which are current-
ly registered by the U.S. Food and Drug Administration (FDA) for metastatic
malignant melanoma, non-small cell lung cancer (NSCLC), renal cell cancer
(RCC), head and neck cancer (HNSC), urothelial carcinoma and Hodgkin’s
lymphoma in various stages of the respective disease and in the context of vary-
ing treatment histories [56]-[62]. Many other malignancies (e.g. hepatocellular
carcinoma, cervical cancer [63], ovarian cancer, mesothelioma, gastric cancer,
B-cell non-Hodgkin lymphoma) are currently under clinical investigation to de-
termine a possible efficacy of checkpoint inhibition [64] [65] [66].

However, the development of checkpoint inhibitor immunotherapy as a
treatment variety for cancer has been complicated by several issues such as eligi-
bility of the participants in clinical trial, the methods of assessment, financial
support, the selection of the best dose and schedule, and the side effects of the
immunotherapeutic agents [67]. The use of checkpoint inhibitors may induce
frequent drug-related adverse events that have a wide range of severity. This in-
cludes diarrhea, rash, fatigue, nausea, pruritus, headache, pneumonitis, hypo-
thyroidism, vitiligo, colitis, hepatitis, hypophysitis, sarcoidosis, endophthalmitis,

diabetes mellitus, liver dysfunction and myasthenia gravis [68].

5. Adoptive Cell Therapy

Another promising form of immunotherapy is adoptive cell therapy (ACT) us-
ing the infusion of autologous tumor-infiltrating lymphocytes (TIL) expanded
ex vivo combined with high-dose (HD) interleukin (IL-2) therapy [69] [70].
ACT involves the isolation of viable tumor tissue and the expansion of TIL with
IL-2 over 4 to 5 weeks from tumor fragments placed in culture [71]. The TILs
are then further let to expand in a bigger scale using anti-CD3 activation and
exogenous IL-2 in the presence of autologous or allogeneic-irradiated feeder cells

[71]. This protocol is known as the “rapid expansion protocol” (REP) and can
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produce as much as 100 to 150 billion cells ready for infusion [71]. Longer res-
ponses to TIL therapy have been achieved by adding a preparative lymphodep-
leting regimen using a combination of cyclophosphamide and fludarabine [72]
[73], which lead to an increase in the persistence of the transferred cells [74].

Adoptive cell transfer therapy has shown impressive results in patients with
metastatic melanoma. Objective response rates of 40% - 50% including complete
tumor regression in 10% - 20% of treated patients have consistently been re-
ported [35] [75] [76] [77]. The major advantage of TIL-ACT over the standard
treatment regimens is the relative high frequency and long-term durability of
complete responses.

In a sample of women with advanced or recurrent ovarian cancer, a pilot trial
was performed using adoptive transfer of ex vivo IL-2 expanded TILs following a
single dose of intravenous cyclophosphamide resulted in good response rates.
Out Of the 7 patients treated with adoptive transfer of TILs alone, 1 achieved a
complete response and 4 achieved partial responses [78].

TIL-ACT has never been established as a standard treatment; only few centers
around the world have applied TIL-ACT and mostly as a salvage treatment after
failure of standard therapies. The complexity of TIL production and severe
treatment-associated toxicity are obvious boundaries for a more widespread ap-
plication. The preparative lymphodepleting chemotherapy contributes markedly
to treatment-related toxicity but is necessary for achievement of durable clinical
responses [79]-[84]. Previous studies showed that high durability of the infused
cells was achieved only after preparation of the patients by lymphodepletion
prior to TIL transfer. Most toxicities resulting from current ACT regimens are
related to HD IL2 administered after cell transfer. Interleukin 2 is essentially

administered to support in vivo proliferation and persistence of the infused cells.

6. Immune Recognition of Somatic Mutations in Cancer Cells

Immunotherapy using either checkpoint blockade or the adoptive transfer of an-
titumor lymphocytes has shown effectiveness in treating cancers with high levels
of somatic mutations-such as melanoma, smoking-induced lung cancers and
bladder cancer with minor effect in epithelial cancers that have lower somatic
mutation rates, such as gastrointestinal tract, breast and ovarian cancers.

Recent technological improvements have fastened the identification of T-cell
that specific against so-called tumor neo-antigens, resulting from nonsynonym-
ous somatic tumor mutations, and have shown their successful application in
immune-mediated rejection of melanoma, lung cancer, leukemia, and gastroin-
testinal cancers [47] [85]-[90].

Adoptive transfer of autologous lymphocytes that selectively target proteins
encoded by somatically modified genes has mediated some objective clinical re-
gressions in patients with metastatic bile duct, colon and breast cancers. In cho-
langiocarcinoma, Tran E et al (2014) demonstrated that tumor-infiltrating

lymphocytes (TIL) from a patient with metastatic tumor contained CD4+ T hel-
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per 1 (TH1) cells recognizing a mutation in erbb2 interacting protein (ERBB2IP)
expressed by the cancer. After adoptive transfer of that mutation-specific
poly-functional TIL, the patient achieved a decrease in target lesions with pro-
longed stabilization of disease [88].

In the next year (2015) they demonstrated tumor-infiltrating lymphocytes
(TILs) from 9 out of 10 patients with metastatic gastrointestinal cancers that
contained CD4(+) and/or CD8(+) T cells which were able to recognize one to
three neo-epitopes derived from somatic mutations expressed by the patient’s
own tumor [89]. Rosenberg SA et al, (2018) described a case with chemorefrac-
tory hormone receptor (HR)-positive metastatic breast cancer. This case was
treated using tumor-infiltrating lymphocytes (TILs) reactive against mutant
types of four proteins-SLC3A2, KIAA0368, CADPS2 and CTSB. Adoptive trans-
fer of these mutant-protein-specific TILs in conjunction with interleukin (IL)-2
and checkpoint blockade resulted in a complete durable regression of metastatic
breast cancer [90].

In 2020, Andrew Sewell et al, using genome-wide CRISPR-Cas9 screening,
found that a T cell receptor (TCR) in a MC.7.G5 clone recognized and killed
most human cancer cell lines in vitro via the monomorphic MHC class I-related
protein MR1. More than 95% of each cancer cell line from lung, cervix, mela-
nomas, blood and kidney were killed while remaining inert to noncancerous
healthy cells. A clone MC.7.G5-TCR lenti-viral transduced to T cells of stage IV
cancer patients, enabled killing of autologous and non-autologous melanomas in
vitro. In NSG mice; An MR1-restricted T cell clone, mediated in vivo regression
of leukemia and enhanced the survival. They suggested that recognition oc-
curred via sensing of the cancer metabolome but were unable to detect it. Their

findings offered opportunities for HLA-independent pan-cancer immunothera-
py [91].

7. Can We Selectively Activate Neo-Epitope Specific
CD4+/CD8+ T Cells in Vivo? Moist Heat Is the Correct
Answer

According to literature, Moist heat (MH) was mentioned for the first time as a
cancer therapy in 1997 [92], but the use of moist heat started four years earlier.
When Dr. Mohamed Samir Abdel-rheem treated a resistant case of Tenia corpo-
ris by applying boiling water directly on some of the skin lesions, he planned to
destroy the infected epidermis with it. Surprisingly, all the infected areas of the
skin were cured, even those areas he didn’t treat. Such a strange result raised his
suspicions about a new type of immune reaction that might be stimulated with
the aid of moist heat and attacked the whole infected areas. Encouraged by his
thoughts, Abdel-rheem used MH to treat fifteen cases of Rodent ulcers (basal
cell carcinoma), three cases of squamous cell carcinoma and one case of Mycosis
Fungoidis (skin T-cell lymphoma). Biopsies were taken before and after applica-

tion of moist heat and sent for histopathology to confirm the diagnosis and fol-
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low up the healing process. All cases were clinically free after 20 to 30 days and
didn’t have any cancer recurrence for 18 months of follow up. Abdel-rheem
published his work in Alexandria Journal of veterinary Science (AJVS) 1997, on

his website (http://moistheat.megs.com) 2005, and as a talk in the first annual

world summit of antivirals conference held in Kunming China 2008.

Observing the effects of moist heat on different types of pathologies (three
cutaneous cancers, cutaneous viral warts and some autoimmune diseases), Ab-
del-rheem occluded that MH simply activated a new immune response that was
target specific, and by examining the sequential healing biopsies he noticed a
massive lymphocyte infiltration of the tumor site (Photo 1), which was Syn-
chronous with reactive leukocytosis in peripheral blood films [92]. All those dif-
ferent diseases shared one feature; abnormal changes occurring in some genes
inside the nucleus. This fact led him to suggest a new immunity reaction, in
which there is a specific lymphocyte that is able to recognize changes in genes
inside the nuclei of diseased cells then gather around them in an Inactive form.
Upon Exposure to moist heat, this lymphocyte got activated, multiplies and se-
lectively destroys the abnormal gene harboring cells but not damaging the sur-
rounding normal noncancerous cells. This occurred in cancer, viral warts or au-
to-immune diseases. By that he was able to explain the similarity of reaction and
disease regression in all those diverse pathologies.

Abdel-rheem called this mysterious cell “hot water cell or Samir S cell” and
the novel immune reaction as “Samir reaction”. He wrote: “We can say that we
have 2 types of immune reactions; one recognizes changes in surface markers of
cell membrane and reacts by B and T lymphocytes, and the other system recog-
nizes changes in genes and reacts by S cells when activated by moist heat” [44].

When we compare the work of the last two groups of scientists; Andrew Se-
well et al, and Abdel-rheem, we will find almost the exact words that described
the same cell; a T cell that is able to recognize genetic changes in cancer cells,
killing them without harming healthy tissues. Sewell called it “MC.7.G5 T cell
clone” in 2020 and Abdel-rheem called it “Samir cell” in 1997, adding his bril-

liant method to activate it in vivo via MH [92].

Photo 1. (Left) Microscopic picture to squamous cell carcinoma (SCC) showing malig-
nant cell nests with scanty lymphocytes before moist heat (MH) therapy; (Right) micro-
scopic picture showing numerous lymphocytes surrounding few malignant cells after MH
use [44] [92].
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The use of TILs for treatment of cancer was always restricted for terminal non
responsive cases as salvage treatment. This may be the chief reason for its unsa-
tisfactory results. Furthermore, the complexity of its protocols, the high cost and
toxic effects hinder its progression. If we have a simple cheap effective and safe
method to activate those marvelous cells with moist heat, let us treat our pa-

tients.

8. Conclusions

Tumor infiltrating lymphocytes can be used in the prognosis and treatment of
different cancer types in variable degrees. The usage of checkpoint inhibitors
and Adoptive cell immunotherapy as a treatment variety for cancer is associated
with many complications, severe side effects and high expenses. Last year, And-
rew Sewell described a T cell receptor (TCR) that interacts with a molecule called
MR1, which is present on the surface of every cell in human body and thought to
“flag” the distorted metabolism inside a cancer cell to the immune system.
Twenty three years earlier, Moist Heat was used successfully to activate a whole
different and new immune response that was able to detect genetic mutation in
the affected cancer cells and cured many cases of squamous and basal cell carci-
nomas. While performing his simple research, Abdel-rheem discovered a unique
way to awaken the sleeping monster (the TCR cells or Samir cells) and gave us
the missed piece of our huge puzzle.

We need to perform more researches in this area to detect, isolate, study, and
activate Samir cells. We are in great need for well-designed controlled clinical
trial to properly evaluate MH as a method for pan-cancer therapy. Maybe the
day will come and we will be able enough to unleash the beast: “The Tumer In-

filtrating Lymphocytes”.
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