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Abstract. Background/Aim: Neurofibromatosis type 1 (NF1)
is characterized by the occurrence of multisystem tumors,
among which the most characteristic are optic pathway
gliomas (OPGs) and plexiform neurofibromas (PNFs). With
the development of new anticancer drugs targeting the
immune system, it is important to examine the immunological
status of patients with NF1. Furthermore, the immune system
has been suggested as a probable modulator of NFI-
associated phenotypes. The objective of this study was the
analysis of lymphocyte subset populations with respect to the
presence of PNFs and OPGs. Patients and Methods: Fifty-
three patients with NF1 diagnosed with OPG/PNF were
analyzed for lymphocyte subpopulations. Results: Significantly
lower levels of B-cells, T-cells and natural killer (NK) cells
were observed in the group of patients with PNFs compared
to those with OPG. Conclusion: Our observation may indicate
a correlation between weakened functioning of the immune
system and the formation of PNFs.

Neurofibromatosis type 1 (NF1) is a genetically determined
neurocutaneous disease affecting about one in 3,000 people
worldwide (1, 2). The diagnosis of NF1 is based on the
clinical criteria set by the National Institutes of Health (NIH)
and includes café au lait macules, freckling of the flexural
areas, neurofibromas, iris hamartomas, optic gliomas,
distinctive osseous lesions and a first-degree relative with NF1
(3). The disorder is characterized by the presence of
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multisystem tumors throughout the nervous system and skin,
among which the most characteristic are optic pathway
gliomas (OPGs) and plexiform neurofibromas (PNFs) (4, 5).
OPG affects about 15% of patients with NF1 and usually
arises during the first decade of life. Although OPG generally
shows slow growth dynamics, it may present a dangerous
evolution with severe impairment of visual function and
potentially life-threatening behavior. The treatment options for
OPGs are limited to a classical chemotherapeutic regimen that
often shows poor outcome concerning visual outcome (6, 7).
Nearly 30-50% of individuals with NF1 develop PNFs, that
can undergo malignant transformation to malignant peripheral
nerve sheath tumors (MPNSTs) in 5-10% of patients (8).
Clinically, in addition to their contribution to MPNST
pathogenesis, PNFs are a significant cause of morbidity due
to their propensity for local invasion, organ compression, bone
erosion, chronic pain and untoward esthetics (9).

The unsatisfactory response to available systemic treatment
modalities underscores the need for more effective therapies in
the treatment of NFl-associated tumors. With the recent
development of new anticancer drugs targeting the immune
system, it is important to examine the immunological status of
patients with NF1 (10). Furthermore, the immune system has
modernly been suggested as a probable modulator of NF1-
associated phenotypes (11). The first reports on the use of
immunotherapy in OPGs and PNFs seem promising (10, 12, 13).
To our knowledge, no studies have been performed so far on the
immunological status of non-treated patients with NF1 who
present symptomatic OPG or PNF. The objective of this study
was the analysis of lymphocyte subset populations with respect
to the presence of the most common NF1-associated tumors.

Patients and Methods

Patients. Fifty-three non-treated patients with NF1, diagnosed with
OPG or PNF were included in this study and underwent analysis
for lymphocyte subpopulations. Exclusion criteria were: (i) <2
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Table 1. Lymphocyte subpopulations in patients with neurofibromatosis type 1-associated plexiform neurofibromas (PNF) and optic pathway gliomas

(OPG).
Median (range) PNF vs. OPG+ vs. OPG vs.
PNF+OPG PNF+OPG PNF
Lymphocyte PNF (n=20) OPG (n=25) PNF+OPG (n=8) All groups RR p-Value** RR p-Value** RR p-Value**
population (cells/ul) (cells/pl) (cells/ul) p-Value*
Lymphocytes 2015 (887-3678) 3335 (1486-10138) 2065 (1190-3537)  0.002 10 0832 16 0.018 1.7 0.001
CD3+ (T-cells) 1295 (495-2696) 2381 (960-5941) 1241 (680-2352) 0.004 1.0 0.595 19 0.012 1.8  0.005
63.7 (54.4-79.8) 63.5(50.9-74.2)  61.6 (52.9-67.9) 0.371 1.0 0242 1.0 0355 1.0 0349
CD4+ 722 (364-1707) 1359 (501-4278) 709 (350-1440) 0.003 10 0381 1.9  0.017 1.9  0.003
400 (28.9-49.6) 369 (26.3-484)  37.5(27.2-40.7) 0.287 1.1 0.115 10  0.389 09 0367
CD8* 446 (118-926) 740 (256-1561) 447 (246-799) 0.009 1.0 0958 1.7 0.027 1.7 0.006
22.2(11.2-30.8) 20.8 (12.5-29.4) 222 (19.3-234) 0.980 10 0859 09 0883 0.9  0.909
CD19+ (B-cells) 324 (123-689) 836 (202-2940) 423 (98-569) 0.003 0.8 0958 2.0 0.029 2.6  0.002
18.5 (7.5-26.5)  22.6 (12.4-35.7) 16.9 (7.6-28.2) 0.098 1.1 0.899 1.3 0.153 12 0.047
CD56*CD16*CD3~ 225 (4-534) 370 (104-1156) 268 (186-473) 0.030 08 0.184 14 0488 1.6 0.009
(NK cells) 10.3 (0.3-27.5) 10.5 (3.9-25.4) 13.9 (8.6-36.8) 0.296 07 0.186 0.8 0.136 1.0 0732
CD3*+CD4+: 1.7 (1.1-4.2) 1.7 (1.0-3.4) 1.7 (12-1.9) 0.752 1.0 0491 1.0 0569 1.0 0714

CD3+CDS8* ratio

RR: Relative ratio; NK: natural killer. *Kruskal-Wallis test; **Mann—Whitney test. Bold values show significance.

NIH criteria for the diagnosis of NFI1, (ii) no OPG or PNF
diagnosed, (iii) pharmacological treatment of the tumor, (iv)
current infection or other acute disease that might cause false
distribution of lymphocyte subpopulations. Each patient was
assigned to one of three subgroups: presence of PNF alone, with
OPG alone, and with both types of tumor. All patients were
accrued between 01.09.2017-31.01.2018. Informed consent was
obtained from the patients or their parents. The study was
performed according to the institutional guidelines and was
approved by the Institutional Review Board (approval number
KB647/2017).

Determination of lymphocyte subsets and kinetics of lymphocyte
reconstitution. Lymphocyte subpopulations were analyzed in
peripheral blood by flow cytometry. The analysis was performed
on FACS Canto II flow cytometer with CellQuest Pro software
(Becton Dickinson, BD Biosciences, San Jose, CA, USA).
Monoclonal antibodies used were the classic T- (anti-CD3, CD4
and CD8), B- (anti-CD19) and natural killer (NK)-cell antigens
(anti-CD56 and CD16) (Becton Dickinson, BD Biosciences). At
least 10,000 cells were analyzed in each case. At least two
measurements were made for each patient, and the mean value was
used. The absolute numbers and proportions of B-, T-, NK and
CD4+/CD8+ lymphocytes were calculated from total number of
peripheral blood lymphocytes. The CD3+*CD4+/CD3+CD8* ratio
was also analyzed for each patient. The relative ratio (RR) was
calculated from median values of selected parameters for the
respective groups.

Statistical analysis. Baseline parameters were compared between
groups using Mann—Whitney or Kruskal-Wallis tests for
quantitative variables, and chi-squared or Fisher’s exact tests for
frequencies. All the tests were two-sided. Statistical significance
was defined as p<0.05.
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Results

Demographics and clinical profile. A total of 53 patients
qualified for the study, including 25 male (47.2%) and 28
female (52.8%), with a median age of 11.3 (range=1.8-68.7)
years. Patients with NF1 were diagnosed as having PNF alone
in 37.7% (20/53), OPG alone in 47.2% (25/53), and both PNF
with OPG in 15.1% (8/53) of cases. PNFs were observed in
45% (9/20) of males and 55% (11/20) of females, at a median
age of 18.2 (range=5.6-68.7) years. OPGs were found in 44%
(11/25) of males and 56% (14/25) of females, at a median age
of 7.9 (range=1.8-47.5) years. Tumors of both types were
diagnosed in 62.5% (5/8) of males and 37.5% (3/8) of
females, at a median age of 11.4 (range=6.3-60.9) years.

Lymphocyte  subpopulations. Statistically  significant
differences between lymphocyte counts in peripheral blood
of patients were demonstrated (Table I). Significantly lower
levels of B-, T- and NK cells were observed in the group of
patients with PNFs compared to the group with OPG.
Significantly lower densities of B- and T-cells were also
found in the group with both types of tumors compared to
the group with OPG alone. There were no statistically
significant differences between lymphocyte counts in
patients with PNFs in the subgroups with and without OPG.

Discussion

T-Lymphocytes play a critical role in the anticancer response
(14). Quantitative lymphocyte changes are prevalent in
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patients with cancer, and strongly affect prognosis and
survival. The development of cancer in immunosuppressed
individuals has demonstrated the contribution of different T-
cell populations to the control of carcinoma occurrence (15).
The presence of peripheral immune modifications in
oncological patients was shown in gastrointestinal cancer (15,
16). Lymphopenia was demonstrated in 3% of patients with
localized disease and in >20% individuals with different types
of advanced cancer (sarcomas, pancreatic cancer, breast
cancer, melanoma malignum, non-Hodgkin’s lymphoma).
CD4* lymphopenia was mainly observed in metastatic stages,
but functional attenuation of memory T-cells, NK cells and
monocytes was detected in patients with breast cancer,
hepatocellular carcinoma and colon carcinoma with localized
primary tumors (15). In analysis with immunodeficiency
HIV-infected or post-transplantation patients, a higher
incidence of cancer was described (17).

Farschtschi et al. evaluated the immune phenotypes in 37
patients with NF1 and associated these phenotypes with the
volumes of various tumors types. No significant differences
were demonstrated between the NF1 individuals and the non-
NF1 control group for any of the T-cell subpopulations (11).
It was observed that levels of CD8*/CD27~ T-cells in
patients without tumor were lower than in those with NF1
with a low volume of tumor. Furthermore, an increased level
of CD8*/CD57* T-lymphocytes in subgroups of patients with
NF1 with low and medium tumor volume was shown. The
data suggest that the levels of CD8*/CD27- and
CD8*/CD57* T-cells can provide a helpful marker for the
evaluation of tumor volume and subsequently for the risk of
malignant transformation into MPNST.

B-Lymphocytes play a variety of roles in cancer
immunity: they can contribute to tumor growth or
participate in the antitumor response. Regulatory B-
lymphocytes represent a significant type of cell involved
in the suppression of antitumor immunity. They weaken
the antitumor response through the secretion of interleukin
10 with transforming growth factor 3 and the conversion
of resting CD4* T-cells into regulatory T-cells.
Lymphotoxin produced by tumor-infiltrating B-cells may
ensure an induction of angiogenesis in tumors. However,
lymphotoxin can also promote tumor regression in other
circumstances (18).

The pathogenesis of NF1-associated tumors is mainly
dependent on incorrect RAS signaling, but some data suggest
a role of the immune system in the development of cancer
and an influence of immunological microenvironmental on
response to treatment. For example, the number of tumor-
infiltrating cytotoxic T-lymphocytes directly correlates with
prognosis (19). In a few reports, immunological profiling of
NF1-associated tumors was analyzed. These investigations
potentially offer a way to guide the rational selection of
immunotherapeutic treatments (19-21).

In our study, we observed lower levels of B-lymphocytes
(CD19%), T-lymphocytes (CD3*CD4*CD8") and NK cells
(CD56") in patients with NF1-associated PNF. These results
may show that the function of the immune system in these
patients with NF1 is impaired, which may correlate with a
predisposition to the development of PNF. As far as we are
aware of, there are no comparative reports.

In conclusion, significantly lower densities of B-, T- and
NK cells were shown in peripheral blood of patients with
NF1 and PNFs compared to those with OPG. This may
indicate a correlation between the weakened functioning of
the immune system and the formation of PNFs.
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