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Abstract: HSPs demonstrate a strong association with gamma-delta (γδ) T cells. Most of the studies
regarding interactions between the parameters were conducted in the 1990s. Despite promising
results, the concept of targeting γδ T cells by HSPs seems to be a forgotten direction due to potent
non-peptidic phosphoantigens rather than HSPs have been found to be the essential stimulatory
components for human γδ cells. Currently, with greater knowledge of lymphocyte diversity, and
more accurate diagnostic methods, we decided to study the correlation once again in the neoplas-
tic condition. Twenty-one children with newly diagnosed acute lymphoblastic leukaemia (ALL)
were enrolled on the study. Serum HSP90 concentrations were evaluated by an enzyme-linked
immunosorbent assay (ELISA), subsets of γδ T cells (CD3+ γδ, CD3+ γδ HLA/DR+, CD4+ γδ and
CD8+ γδ) by flow cytometry. We have shown statistically relevant correlations between serum
HSP90 and CD3+ HLA/DR+ γδ T cells in paediatric ALL at diagnosis (R = 0.53, p < 0.05), but not
after induction chemotherapy. We also have demonstrated decreased levels of both serum HSP90
and CD3+ HLA/DR+ γδ T cells before treatment, which may indirectly indicate dose-dependent
unknown interaction between the parameters. The results of our study may be a good introduction
to research on the association between HSPs and CD3+ HLA/DR+ γδ T cells, which could be an
interesting direction for the development of anti-cancer strategies, not just for childhood ALL.

Keywords: serum HSP90; gamma-delta T cells; acute lymphoblastic leukaemia

1. Introduction

Heat-shock proteins (HSPs) have recently been extensively studied in the context of
anticancer properties, especially their extracellular form. Serum HSPs have been found
to elicit antitumour immunity by acting as tumour-specific antigens, and adjuvants that
facilitate uptake, processing, and presentation [1,2].

According to many reports, HSPs demonstrate a strong association with gamma-delta
(γδ) T cells by different mechanisms including direct recognition of specific epitopes in
their free form or as peptide-HSPs complexes [3].

Human γδ T cells represent a small subset of CD3+ T lymphocytes (1–10%), however,
these cells have been gaining the interest of scientists’ and clinicians’ as they demonstrate
both innate and adaptive immune properties. Their primary functions include phagocytosis
and the presentation of soluble antigens to alpha-beta (αβ) T cells, induction of dendritic
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cells (DC), maturation and the production of cytokines [4]. The key advantage of γδ T cells
is their ability to identify antigens out of the context of the classical major histocompatibility
complex (MHC) and the natural tropism of γδ T cells for the tumour microenvironment [5].

Numerous reports have confirmed the safety of using γδ T cells in adoptive im-
munotherapy [6]. Unfortunately, the efficacy of γδ T cell immunotherapy has been limited.
This is hypothesized to be due to the ambiguous effects of specific γδ T cell subsets on
cancer cells. Furthermore, energy or exhaustion of the effector γδ T cells has been observed
after induction by ligands such as n-aminobisphosphonates or phosphorylated antigens [7].
The targeting of γδ T cells by HSPs seems to be a forgotten direction.

Most of the studies regarding interactions between γδ T cells and HSPs were conducted
in the 1990s but, despite promising results, the concept was abandoned. Currently, with
better technical capabilities, greater knowledge of lymphocyte diversity, and more accurate
diagnostic methods we decided to study the correlation once again in the neoplastic condition.

Due to the limited reports concerning extracellular HSP90—one of the most investi-
gated proteins of the HSP family and the correlation with the frequency of specific subunits
of γδ T cells in cancers, we examined the relationship between these parameters in the
peripheral blood of 21 paediatric patients with B-cell acute lymphoblastic leukaemia (ALL)—
the most common cancer in children. In the past, the prognosis was distressingly poor
with only a 31% chance of a five-year survival. New diagnostic and treatment modalities
have contributed to a drastic improvement in patient outcomes [8,9]. However, despite the
relatively satisfying results of conventional chemotherapy, leukaemia remains the leading
cause of cancer-related death among children [10].

2. Materials and Methods

Twenty-one patients (10 male and 11 female) aged 1 to 18 years were enrolled in the
study. The diagnosis of acute lymphoblastic B-cell leukaemia was verified in accordance
with the therapeutic protocol (ALL IC BFM 2009). The most important clinical data
concerning patients are summarized in Table 1. Blood samples were collected in two time
points (before and after induction chemotherapy—on the 0 and 33rd day of therapy). Data
regarding haematological parameters were obtained from the medical records. As a control,
blood samples from twenty-two healthy children were collected once. This study was
approved by the local Research Ethics Committee. All samples were obtained following
written informed consent.

Table 1. Patient characteristics.

Age 1–4 Years = 13 5–7 Years = 6 8–18 years = 2

Gender Male = 10 Female = 11

Steroid sensitivity Good = 20 Poor = 1

BM on day 15 M1 = 15 M2 = 5 M3 = 1

MRD <0.1% = 6 0.1–10% = 13 >10% = 2

BM on day 33 M1 = 21 M2 = 0 M3 = 0

Risk group SR = 1 IR = 15 HR = 5
Abbreviations: BM—bone marrow, M—bone marrow status (% blasts in bone marrow), MRD—minimal residual
disease, SR—standard risk (group), IR—intermediate risk (group), HR—high risk (group).

Serum HSP90 concentrations were evaluated by an enzyme-linked immunosorbent
assay (ELISA) (human serum HSP90 ELISA Kit, Cloud Clone Corp., Wuhan, China) ac-
cording to the manufacturer’s instructions. The minimum detectable dose of HSP90 in
serum—less than 1.22 ng/mL. Intra-assay coefficient variation < 10%, interassay coefficient
variation < 12%. Serum samples were diluted to 1:2 by PBS.

Freshly obtained EDTA whole blood was stained using antibody cocktails: TCRγδ
FITC (clone, IMMU510)/TCRαβ PE (clone, IP26A)/CD4 APC (clone, 13B8.2)/CD8 AF700
(clone, B9.11)/HLA-DR PC5 (clone, B8.12.2)/CD3 Krome Orange (clone, UCHT1). Samples
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were then lysed with an Immunoprep Reagent Kit and TQPrep Workstation (Beckman
Coulter, IN, USA). Finally, fluorescence beads for absolute counting were used. For the
sample readout, a Navios flow cytometer was used and the data were analysed with Kaluza
software (all from Beckman Coulter, IN, USA). The data were interpreted according to the
fluorescence minus one approach.

Statistical analysis was performed using IBM SPSS 25 and Statistica 13. The association
between serum HSP90 and γδ T cells and in leukaemic patients was analysed by the
correlation (R Spearman, Pearson). Wilcoxon test was used to indicate alterations in
HSP90 serum level/level of subsets γδ T cells in the research group (before and after
chemotherapy). U Mann–Whitney test to compare patients with the control group. A value
of p < 0.05 indicated statistical significance.

3. Results

We demonstrated no correlations between serum HSP90 and CD3+ γδ T cells before
and after induction chemotherapy (before R = 0.01, after treatment R = −0.41), CD4+ γδ

T cells (before R = 0.21, after treatment R = −0.07) and CD8+ γδ (before R = 0.31, after
treatment R = 0.09).

The same investigations also showed no statistically relevant differences among
healthy controls (serum HSP90 and CD3+ γδ T cells R = 0.45; CD4+ γδ T cells R = 0.2; CD8+
γδ T cells R = 0.12).

Analysis showed a strong association between serum HSP90 and CD3+ HLA/DR+
γδ T cells in ALL patients before treatment (R = 0.53, p < 0.05) vs after induction protocol
(R = 0.13); after removal of the outlier (23.85 ng/mL) the correlation between serum HSP90
and CD3+ HLA/DR+ γδ T cells remained still strong (R = 0.53, p < 0.05) (Figure 1). The
same patient presented extremely high level of serum HSP90 after treatment (52.51 ng/mL)
as well. The difference among the healthy controls was R = −0.2 (Table 2).

In our previous report, we demonstrated that patients before and on the 33rd day of
therapy showed decreased serum HSP90 levels compared to healthy controls with a higher
difference on the day of diagnosis than after 33rd day [11].

Interestingly, CD3+ HLA/DR+ γδ T cells were also decreased before chemotherapy
relative to the moment after induction protocol.

Table 2. The results of the correlation coefficient between serum HSP90 and γδ T cells in the research group and controls.

Serum HSP90

Before Chemotherapy After Chemotherapy Controls

Diagnosis

CD3 + γδ T cells 0.01 0 * 0.45

CD3 + HLA/DR + γδ T cells 0.53 0.06 * −0.20

CD4 + γδ T cells 0.21 −0.08 * 0.20

CD8 + γδ T cells 0.31 0.09 * 0.12

After chemotherapy

CD3 + γδ T cells −0.41 * 0.02

CD3 + HLA/DR + γδ T cells 0.13 * −0.27

CD4 + γδ T cells −0.07 * 0.13

CD8 + γδ T cells 0.09 * 0

* results not described in the main text.
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Figure 1. Correlation of activated serum HSP90 and CD3 + γδ T cells among children with ALL at diagnosis. Figure 1. Correlation of activated serum HSP90 and CD3 + γδ T cells among children with ALL at diagnosis.

The median CD3+ HLA/DR+ γδ T cells on the day of the diagnosis was 2.36% (range
0.91–13.00%), and 4.96% (range 0.88–55.17%) on the 33rd day of therapy. Median CD3+
HLA/DR+ γδ T cells among the control group was 5.24% (range 1.6%-13.88%). We found
statistical differences between CD3+ HLA/DR+ γδ T cells in ALL patients in two time
points (p = 0.029, Wilcoxon signed-rank test). Children at disease presentation showed a
decreased level of CD3+ HLA/DR+ γδ T cells compared to the healthy controls (p = 0.026,
U Mann–Whitney test). However, there was no statistical significance between the level of
the lymphocytes among patients on the 33rd day of therapy in comparison to the healthy
children (p = 0.627, U Mann-Whitney test) (Figure 2).

We found no statistical differences before and after chemotherapy (Wilcoxon signed-
rank test) in the levels of CD3 + γδ T cells (p = 0.87), CD4 + γδ T cells (p = 0.57), and CD8 +
γδ T cells (p = 0.39) (Table 3).
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concentration of the lymphocytes after induction.

Table 3. The results of statistical tests regarding the comparison of γδ T cells in two time points in the research group
(Wilcoxon test) and between the research and study group (U Mann–Whitney test).

Research Group
before

Chemotherapy
Research Group after Chemotherapy Control Group

CD3 + γδ T
cells

CD3 +
HLA/DR +
γδ T cells

CD4 + γδ T
cells

CD8 + γδ
T cells

CD3 + γδ T
cells

CD3 +
HLA/DR +
γδ T cells

CD4 + γδ T
cells

CD8 + γδ
T cells

CD3 + γδ T cells 0.87 0.08 *

CD3 + HLA/DR + γδ
T cells 0.029 0.026

CD4 + γδ T cells 0.57 0.51 *

CD8 + γδ T cells 0.39 0.93 *

* results not described in the main text.

4. Discussion

Currently, HSPs are under intensive investigation. In clinical models heat shock
proteins, alone or in a complex with tumour-derived peptides, have been shown to elicit an
anti-tumour response in cancer patients. HSPs can act as common tumour-specific antigens
as well as adjuvants that facilitate the uptake, processing and presentation of antigens.
Due to their immunogenic properties, they are used in autologous tumour-derived HSP
peptide-based vaccines [1].

γδ T cells represent a small subset of the T cells in peripheral blood. Despite this,
they are considered to be good candidates for effective antitumor therapy [4]. γδ T cells
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can recognize a wide variety of structurally different ligands including phosphoantigens,
aminobisphosphonates, alkylamines and several self-proteins such as HSPs, that can be
detected without a presentation by other cells or molecules [12].

Activated (CD3+ HLA/DR+) γδ T cells secrete cytokines, which influence the tumour
microenvironment and involve IFN-γ inhibiting tumour growth, blocking angiogenesis
and macrophage stimulation [4].

In the 90s the correlation between HSPs and γδ T cells was extensively studied
following the report demonstrating that murine γδ T cells could be stimulated with HSP65
from mycobacterial extracts, which results in the induction of cytotoxic immune response
against affected host cells. It has been reported that a similar mechanism can also take part
in the elimination of cancer cells [13,14]. Laad et al. showed that Vγ9Vδ2 T cells recognize
HSPs on oral tumour cells and Thomas et al. on oesophageal tumour targets [15,16].
Increased cytotoxicity of γδ T lymphocytes has been demonstrated relative to cell lines
expressing HSPs [17].

Despite years of research, the specific mechanisms of interaction remain enigmatic,
while the targeting of γδ T cells by HSPs seems to be a forgotten direction because potent
non-peptidic phosphoantigens rather than HSPs have been found to be the essential
stimulatory components of mycobacterial extracts for human Vγ9Vδ2 [18].

The most popular trend in cancer immunotherapy based on γδ T cells is focused on the
stimulation of cells by the systemic administration of phosphoantigens, nitrogen-containing
bisphosphonates (N-bis) or synthetic phosphoagonist bromohydrin pyrophosphate (BrH-
PP). Despite the proven safety of γδ T cells immunotherapy, its clinical benefit remains an
issue. This could be the effect of γδ T cell anergy, decreased number of peripheral blood
γδ T cells after the infusion of stimulants or the dual nature of γδ T cells, because it has
been reported they could also promote cancer progression through inhibiting antitumour
responses and enhancing cancer angiogenesis [7].

In this report we have shown statistically relevant correlations between serum HSP90 and
CD3+ HLA/DR+ γδ T cells in paediatric ALL at diagnosis (R = 0.53, p < 0.05) (Figure 1), but
not after chemotherapy (R = 0.13). Our team have demonstrated, that the correlation of serum
HSP90 with γδ T cells may depend on lymphocytes immunophenotype rather than chains.

We also have noticed that serum HSP90 and CD3+ HLA/DR+ γδ T cells are both
decreased before chemotherapy relative to the moment after induction protocol (Figure 2),
which indirectly indicate unknown dose-dependent interaction between the parameters in
cancer conditions.

The results of our study may be a good introduction to research on the activation of
γδ T cells by HSPs which could be an interesting direction for the development of adjuvant
anti-cancer strategies, not just for childhood ALL [19].

5. Conclusions

Summing up the correlations between serum HSP90 and activated CD3+ γδ T cells
provide a promising suggestion that these cells may enhance the effect of conventional
chemotherapy by supporting the immune system. Further studies, including in-vitro
experiments, are needed to determine the clinical importance of our findings.
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Abbreviations

γδ T cells gamma-delta T cells
αβ T cells alpha-beta T cells
ALL acute lymphoblastic leukaemia
ALL IC BFM 2009 acute lymphoblastic leukaemia intercontinental Berlin-Frankfurt-Munchen
BM bone marrow
BrH-PP phosphoagonist bromohydrin pyrophosphate
CD cluster differentiation antigen
DC dendritic cells
EDTA ethylenediaminetetraacetic acid
ELISA enzyme-linked immunosorbent assay
HR high risk (group)
HSPs heat shock proteins
IR intermediate-risk (group)
M bone marrow status (% blasts in bone marrow)
MHC major histocompatibility complex
MRD minimal residual disease
N-bis nitrogen-containing bisphosphonates
SR standard risk (group)
WBC white blood cells
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