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Abstract

Cytokines and their networks are responsible for maintaining a state of good health in the body. A growing body
of evidence strongly suggests that the final outcome of malignancy in a patient is often due to the interplay of these
cytokines, which could result in immune- suppression. In the normal course, certain cytokine network patterns favor
healthy phenotype and dysregulation of these patterns results in pathology.

In this study we propose to investigate the basal levels of Tumor necrosis factor (TNFa), Interferon gamma (IFNy)
(pro inflammatory cytokines), IL-10 and Transforming growth factor (TGF) (anti-inflammatory) both in plasma as
well as in supernatants of PHA activated T cells in healthy individuals, which could serve as a template to help
predict health status of cancer patients and their outcomes based on their immune status.

Keywords: Activated T cell; IL-10; TGFp; IFNy; TNFo; Immune
status

Introduction

Interleukins, Interferons, Tumor Necrosis Factors are small non-
structural proteins which belong to the family of cytokines, released by
white blood cells and have pleiotropic effects on various organs [1].
These chemical mediators are vital communication messengers
responsible for cross talk between the immune cells which result in a
range of physiological responses like inflammation to chemotaxis of
immune cells [2,3]. Inflammatory (pro and anti) responses are
mediated by interleukins expressed in white blood cells and are
implicated in innate and adaptive immunity. Pro inflammatory and
anti-inflammatory circuitry in the white blood cells promote
chemotaxis of immune effector cells to give rise to physiological
responses like wound healing, vasculogenesis and tissue repair.
Interferons have shown to have antiviral properties and are implicated
in antiviral responses [4].

The pro inflammatory cytokines include IFNy, TNFa and anti-
inflammatory responses include TGFp and IL10, although it is not
always the case due to the interplay and overlapping downstream
effector pathways which could result in diverse physiological effects.

In the age of personalized medicine especially in cancer care,
outcomes of immunotherapy using biologicals such as immune
checkpoint inhibitors or cellular immune therapy such as T cells and
Dendritic cells depends heavily on the general immunological status of
the patient, which can be further altered by standard treatment options
such as chemotherapy and radiation. The final outcomes rely on the
general immune status of the patient which can be hampered if the
patient is immuno-suppressed due to the malignancy and further
immuno-compromised due to surgery, radiation and chemotherapy.
Once the inter-dependence of cellular profile, cytokine levels, disease

status and treatment status is clarified, the information could be used
to create a personalized immune score for each patient. In that context,
the present study attempts to develop a baseline profile for the chosen
cytokines in healthy volunteers. This study will help in developing
predictive models to understand the immune status of cancer patients
and devise strategies to help reset this immunological clock in patients,
resulting in better outcomes.

We have chosen four cytokines which traditionally can be grouped
as pro inflammatory Th1l: TNFa and IFNy and anti-inflammatory Th2:
TGEFp and IL-10, although as mentioned before may not be necessarily
defined per se. Transforming growth factor (TGFp) is mainly secreted
by Tregs [5] and it plays a key role in suppressing the immune system
thereby maintaining peripheral tolerance in autoimmunity and
rejection of transplants. In cancer, TGFp induced immune suppression
plays a pivotal role as amplification of Ty cells and TGEFp levels is
observed in cancer patients [6, 7]. The plasma levels and PHA
activated T cell supernatants were measured to obtain a reference
standard in Indian healthy subjects.

Materials and Methods

Study population:

The study was planned according to Central Ethics Committee
(CEC) research regulations of Health Care Global (HCG) Hospitals,
Bangalore, India. Ethical clearance was obtained under reference
number EC/363/17/09 for the study. All healthy subjects have given
informed consent prior to enrollment in the investigation.

The healthy subjects group consisted of 26 males, in the age group of
28-35. Healthy volunteers fulfilled the criteria for blood donation,
hence considered healthy as per Blood Bank guidelines. They were free
of infectious diseases, autoimmunity and other chronic conditions, as
shown in Table 1.
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hypaque under sterile conditions and centrifuged for 20 min at 1500
rpm. The buffy coat was collected, washed twice with saline and
counted. 2.5 million cells/ml in DMEM (Gibco, Invitrogen) with 10%
fetal bovine serum with or without 100ng/ml PHA (Gibco) were
cultured in vitro, and incubated for 72 h for T cell activation. T cell

Citation:
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Number (n) Healthy
26
Age group (years) 20-47
Sex Male

Table 1: Characteristics of the healthy subjects

Blood Collection

15 ml of blood was collected after venous puncture (standard blood
bank procedures) in healthy subjects and was collected from patients
during surgery, in EDTA vacutainer. Plasma was isolated from these
samples by centrifugation at 1500 rpm for 10 mins and stored at -80°C
until required. The remaining cell pellet was diluted with saline and
used for mononuclear cells isolation.

Isolation and culturing of mononuclear cells from blood

Mononuclear cells were isolated using ficoll-hypaque density-
gradient centrifugation. Briefly, 1:3 diluted blood was layered on ficoll-

supernatant was collected and stored at -80°C until further
measurement.

Cytokines detection
TGE-B, IL-10, TNF-a and INF-y levels were determined by ELISA
(Ray biotech) as per the manufacturer's instructions.

Statistical analysis

All values were expressed as mean * standard error mean (SEM).
Differences of the parameters between plasma and PHA stimulated T
cell supernatant were analyzed by using unpaired Students-test. P
values < 0.05 were considered to be statistically significant.

Results and Discussion

TNF alpha (ng/mL)

IFN gamma (ng/mL) IL10 (ng/mL) TGF beta (ng/mL)

Healthy Donor Plasma 3.285 £ 0.443

1.127 £ 0.071 0.108 £ 0.013 22.965 + 0.967

Healthy PHA stimulated T Cell Supernatant 10.718 £ 0.294

3.694 + 0.476 0.199 + 0.004 2.690 £ 0.117

Table 2: Summary of plasma and PHA stimulated T Cell Supernatant cytokine concentration of TNF alpha, IFN gamma, IL10 and TGF beta

TNFalpha IFN gamma

==

TGF beta

Figure 1: Graphical representation of Concentration (ng/mL) of
TNF alpha, IFN gamma, IL10 and TGF beta in healthy donor
plasma and healthy donor PHA stimulated T cell (Supernatant)

The aim of this study was to establish reference values in plasma and
PHA activated T cell supernatants for two pro inflammatory (IFNy
and TNFa) and two anti-inflammatory (TGFp and IL-10) cytokines in
healthy Indian population, which could serve as a reference and help
obtain an immune score for our future studies in cancer patients (Table
1). This study is one of the few studies reported where basal values of
cytokines in plasma and PHA activated T cell supernatants are
measured in Indian population.

Plasma levels of cytokines reflects the general status of a person and
plays a central role in determining outcomes for treatment modalities
in cancer patients. IFNy is a Thl type cytokine, a pro inflammatory

cytokine [8,9,10] associated with its anti-cancer properties, although
lately debatable [11,12]. TNFa is a pro inflammatory cytokine and is
involved in cancer progression [13-17]. TGFp is a pleiotropic cytokine
with regulatory and inflammatory activity [18,19] and it promotes
inflammation, although its effects under inflammatory conditions are
less understood. IL-10 is an anti-inflammatory cytokine and an
immune-suppressor, known to be up regulated in cancer [20-22].

Giorgio Zauli et al. analyzed 48 cytokines and compared their
serum profiles in healthy adults (>18 years) and young children (1-6
yrs) and children (7-17 yrs) and found that there were differences in
their levels. Cytokines like TNFa and IFNy have a marked difference
in production levels in children (7-17 yrs) [23].

Tumor necrosis factor is a pro inflammatory cytokine and is
involved in inflammation associated carcinogenesis. It is considered, in
most cases as a cancer promoter and promotes growth, proliferation,
invasion, metastasis and angiogenesis of cancer cells [24]. It is secreted
by many inflammatory cells like Myeloid Derived Suppressor Cells
(MDSC). Positive correlation between progression of disease and
TNFa levels were reported in chronic lymphocytic leukemia, Barrett's
adenocarcinoma, prostate cancer, breast cancer, and cervical
carcinoma [13-17].In a study by Alessandra Ferrajoli et al. plasma
TNFa levels in CLL patients were significantly elevated as compared to
healthy individuals (16.4 pg/ml versus 8.7 pg/ml). Plasma values more
than 14 pg/ml in patients correlated with significant decreased survival
times [25].

Our studies demonstrate a mean TNFa plasma level of 3.285 +
0.443 ng/ml which increases significantly to 10.718 + 0.294 ng/ml
(p<0.0001) after PHA activation of T cells. This suggests that activated
T cells in normal subjects secrete sufficient amounts of TNFa on
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activation, which is a natural course during infection, which could be
deregulated in cancer patients, due to activation of MDSC (Table 2,
Figure 1).

In a study by Conti-Freitas LC et al. in laryngeal (Head and Neck)
cancers, it was found that IFNy was expressed in lower amounts in
unstimulated T cells (mononuclear cells) confirming that these
patients had a suppressed immune system due to tumor induced
immune suppression. Patient derived T cells after in vitro stimulation
with Con A resulted in stimulation and increased IFNy levels,
although they found better stimulation in BCG stimulated cells when
compared to Con A. In vitro stimulated T cells showed functional
recovery in terms of IFNy secretion [26]. Direct correlations of IFNy
level in cancer has been elucidated in a number of studies and have
been shown to have a protective role to play against tumor
development [27, 28] and cancer editing [29, 30]. Although recent
studies have indicated contrary roles of IFNy and is implicated in
“tumor sculpting"; and induces generation of more aggressive tumor
clones, which are also evasive to the immune system [31].

Our results show a mean value of 1.127 + 0.071 ng/ml in PHA
activated T cell supernatant which is significantly higher than plasma
levels 3.694 + 0.476 ng/ml (p<0.0001) as seen in healthy subjects. These
results indicate an immune system tilted towards Th1 activation on the
onset of T cell activation, which could be compromised (as reported in
several studies) in cancer patients. (Table 2, Figurel).

A study by Kim et al. demonstrated high levels of serum IL-10 in
plasma of patients with cutaneous cancers, strongly suggesting an
immune system prone to anti-inflammatory responses leading to
immune suppression and immune evasion by the tumor. It was
observed that increased IL-10 levels lead to decreased antigen
presentation and tumor escape [32]. Head and neck cancer patients
with nodal metastasis (T3/T4 stages) show increased serum IL-10
levels, implicating advanced disease with Th2 type immune response
[33]. In a study which analyzed inhibitory cytokine levels in 219 head
and neck cancer patients and 64 metastatic lymph nodes, it was
observed that tumor cells released significant quantities of TGFp, PGE,
and IL-10, which correlated with decreased CD8' T cells within the
tumor, which could be a reason for immune suppression and immune
evasion by the tumor [34].

Our results show significant decrease in IL-10 plasma levels (when
compared to other cytokines) and an increase in IL-10 levels upon T
cell activation (0.108 + 0.013 ng/ml vs0.199 + 0.004 ng/ml, p<0.0001) ,
although significantly lower than TNF a and INF y levels, indicating
reduced activity of IL10 in healthy individuals. (Table 2, Figurel). This
profile is reported to be altered in several malignancies, as mentioned
earlier.

Transforming growth factor  (TGEp) is a pleiotropic cytokine with
potent regulatory and inflammatory activity [18, 19]. TGF is secreted
by Trege Which constitute around 5-10% of CD4" T cells and play a
pivotal role in maintaining peripheral tolerance. There was a
significant decrease in TGFp levels in PHA stimulated T cells (2.690 +
0.117) compared to plasma levels (22.965 = 0.967) (p<0.0001),
indicating no Treg mediated immune-suppression in healthy subjects
(Table 2, Figure 1).

This indicates that PHA activation does not result in further
expansion of TGFp producing Ty, although higher levels of TGFp in
the plasma indicates homeostasis, as Tyeg and TGFp are necessary to
maintain peripheral tolerance and prevent autoimmunity [35, 36].
TGF B levels in the periphery are related to T, induced immune

suppression, and hence these values are indicative of expected values in
cancer patients.

Present study outcomes demonstrate certain measured levels of
plasma TNFa and IFNy, which increases significantly on T cell
activation, in healthy individuals. TGFp levels in plasma is significantly
higher than PHA activated T cell supernatant, whereas IL-10 level in
plasma is negligible, when compared to pro inflammatory cytokine
levels.

One has to bear in mind the complex inter-connections and
interdependence observed within these cytokine circuitry and the
physiological responses thereof should be considered as a whole and
not by considering individual cytokine levels only. Further experiments
will explore the correlation of these cytokines in patients and obtain a
prognostic predictable immunological score based on the type of
cancer, the stage of disease, tumor burden and treatment modalities.
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