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Abstract

Background: Prognostic factors in cancers are believed to be one.of the
most important discoveries in oncology. However, due to the development
of integrated science they are not restricted to morphological anomalies
anymore. In everyday routine the light microscope markers aresystemati-
cally replaced by new ones, especially of immunohistochemical.and molecu-
lar type. It leads to the question what is the relation of the oldest prognostic
parameters to the basic and newly discovered pathways common for cancer
disease itself.

Obijectives: The aim of presented studies is to investigate the most modern
factors involved in pathological processes in the two models of cancer di-
sease, glioblastoma in adults and neuroblastoma in developmental age to
search for potential relation with the established prognostic factors appro-
priately to the tumor type, including the oldest known light microscope para-
meters - tumor histology and proliferationrate of cancer cells.

Material and methods: Immunohistochemical assessment of expression of
c-jun in glioblastoma and TGF-beta in neuroblastoma group in relation to
chosen histoclinical features: patients’ related (age, gender) and tumor rela-
ted; including all the widely excepted prognostic parameters regarding the
tumor type (location, histological type (neuroblastoma, ganglioneurobla-
stoma, ganglioneuroma);-tumor histology (favorable, unfavorable), Ki-67
index, stage.

Results: Variations of c-jun immunoexpression were revealed in glioblasto-
ma as well as differences in' TGF-beta expression in neuroblastoma regarding
the examined histoclinical features. Furthermore, in both cancer groups the
levels of the examined protein expression appeared to relate to cancer cell
proliferation estimated by the established parameter - Ki67 indices.
Conclusions: In both models of cancer disease, glioblastoma in adults and
neuroblastoma-in developmental age there is a crossing of pathways of the
oldest and the newest cancer disease markers. Although integrated scien-
ce offers the most advanced approaches it is important to consider the old
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established prognostic parameters in prognostication in individual, especial-
ly doubtful cases.

Key words: biomarkers, intercellular signalling peptides and proteins,gliobla-
stoma, neuroblastoma
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Introduction

Glioblastoma (GBM) is grade IV glioma according to WHO and-one of
the most aggressive neoplasms in humans, characterized by, extreme-
ly poor prognosis [1]. Although for now several molecular markers are
confirmed to be relevant in the development of glioblastoma(isocitrate
dehydrogenase (IDH) mutations, MGMT promoter methylation, EGFR
amplification/mutations, and vascular endothelial growth factor (VEGF)
overexpression, the most characteristic and mandatory feature for the
GBM diagnosis is light microscope finding - the proliferation of endothe-
lial cells [2-5]. Angiogenesis in GBM makes this tumor a suitable model of
cancer growth as well as highly investigated process/'for the knowledge
of the neoplastic disease itself.. Angiogenesis in GBM makes this tumor
a suitable model of cancer growth as well as highly investigated process
for the knowledge of the neoplastic disease itself.

Neuroblastoma (NBL) may start in early forms of nerve cells found in
a developing embryo and is typical cancer of infancy and early childho-
od. However, these tumors themselves\present complexity of cancer di-
sease from spontaneous regression to-unjustified treatment failures and
as the group make well known/cancer disease model for developmental
age [6]. They are also characterized by extremely numerous prognostic
parameters: patient’s-age, tumor histology (favorable histology or unfa-
vorable histology),-DNA ploidy, MYCN gene amplifications, chromoso-
me changes: 1p/deletions, 11q deletions, 17q gain, Neurotrophin (nerve
growth factor) receptors:especially TrkA, serum (blood) levels of ferritin
and neuron-specific enolase (NSE) and lactate dehydrogenase (LDH). Ho-
wever, despite their high number of markers the course of the disease is
unpredictable in all of the cases.

C-jun and TGF-beta proteins are modern and highly investigated pro-
teins involved-in pathological processes, especially cancer disease [7, 8].
It is underlined in both - they are fundamental part in basic pathways
characterized cancer itself [9-11].
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The role of the c-jun protein that belongs to AP-1 family is to signal-
-transduce transcription which make it a crucial factor in the cell life cyc-
le [12-14].

TGF is believed to be an extremely important factor,in the process
of tumorigenesis and invasiveness by being involved in evoking oxidative
stress that is associated with cancer development [15].

The aim of presented studies was to investigate the expression of abo-
ve listed factors in two models of cancer disease - glioblastoma in adults
and neuroblastoma in developmental age to search for their potential re-
lation with the established prognostic factors.appropriately to the tumor
type, including the oldest known light microscope-parameters - tumor hi-
stology and proliferation rate of cancer cells.

Material and methods

The studies were performed according/to the agreement of Bioethics
Committee of the Medical University od Lodz RNN/350/19/KE and
RNN/244/19. Each cancer study.group consisted of 20 cases from the ar-
chives of Department of Pathomorphology, Chair of Oncology, Medical
University of Lodz, Poland. Glioblastoma and neuroblastoma tissue sam-
ples were paraffin embedded and these paraffin blocks were sectioned
to 4-5 pm samples,routinely stained with hematoxylin and eosin (H+E)
and used for further.immunohistochemical tests in the PowerVision de-
tection system/by Immunologic according to the immunoperoxidase
method, with the use of primary rabbit polyclonal antibodies directed
against c-jun by Cell Signalling Technology and TGFp by Biorbyt. Paraffin
sections placed on adhesive slides and dried in an incubator at 56°C for
1 hour,were passed to dewaxing in a series of xylenes and alcohols of de-
creasing concentrations (96%, 80%, 70%, 60%). By the use of 3% solution
of perhydrol.in‘methanol for 5 minutes endogenous peroxidase activity
could be inhibited. For the purposes of immunohistochemistry, it was
required to preserve tissue antigenicity and made it proper for the exa-
mined-antibodies to work. In order to do that a specific sequence had to
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be followed. The sections were heated in Target Retrieval Solution at pH
9.0 DAKOQ, in a water bath at 95°C for 45 min. After cooling, they were
washed twice in 0.05 M TRIS buffer (TBS) at pH 7.6 for 5 min. Then they
were subjected to overnight incubation in a refrigerator at 4°C, in a hu-
mid chamber, with appropriately diluted antibodies: anti-c-jun 1:50 and
anti-TGF{ 1:400.

The next step was to wash it twice in TBS and visualize in the Im-
munologic PowerVision two-step visualization system to observe the
antigen-antibody response. In order to do that the sections were incu-
bated 30-minute in the above-mentioned conditions with a polymer la-
belled with peroxidase and associated with secondary goat antibodies
directed against the used polyclonal rabbit antibodies. The last stage of
detection was an enzymatic reaction in which a colored product appe-
ared when the substrate for peroxidase - 3,3" -diaminobenzidine tetra-
chloride (DAB) was used (incubation timéwith DAB solution - 2 min.).
In the end, when a positive immunohistochemical reaction was achie-
ved, the nuclei were stained/with Meyer’s hematoxylin (2 min.), and
then the sections were dehydrated in a series of alcohols of increasing
concentrations (70%, 80%, 96%) and-passed through a series of aceto-
nes and xylenes. The prepared/Histokit was embedded in an anhydrous
medium. The negative control of the method were sections in which the
primary antibodies werereplaced with TBS using the same immunohi-
stochemical procedure. Sections showing a previously known strong
positive reaction to the test antigen were used as a positive control. The
slides were assessed using a light microscope. Positive reaction was de-
fined as the brown coloration of cell nuclei and presented as an index
in each case. Histoclinical analysis of c-jun or tgf-beta expression was
done regarding patients’ related features (age, gender), tumor related
parameters including all the widely excepted prognostic parameters
regarding-the-tumor type (location, histological type - neuroblastoma,
ganglioneuroblastoma, ganglioneuroma, tumor histology - favorable or
unfavorable), Ki-67 index, stage, lymph node status, distant metastases,
recurrences). The obtained data were evaluated in statistical analysis
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that was performed with the use of the statistical packages rstatix and
ggpubr in the R environment (R 4.0.2). In the first stage, the Shapiro-
-Wilk test followed by Levene’s test were carried out and in t ubse
guent stages of the analysis, non-parametric Kruskal- test was
used. The hypotheses were tested by applying a non-p ic signed
rank Wilcox test or in the case of normally distributed data't

cant when its value was < 0.05.
Results

Glioblastoma study
C-jun immunoexpression was found in all the examined GBM cases and
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Figure k The examae of c-jun immunoexpression in GBM (left), the background - proli-
feration o lial cells in GBM, hematoxylin and eosin (H&E) stain, orig. magn. 200x
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The c-jun indices appeared as follow:
Among males, the median c-jun expression was 38% (mean =36.7 + 17.3),

whereas among females it was lower and reached 34% (mean = 32.6.+ 7.57)
(Figure 2).
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Figure 2. The box-plot of the values of difference of c-jun-expression between males (M)

and females (F) in GBM group

Median c-jun expression for right hemisphere, left hemisphere, and bra-
inin general was 40.5% (mean = 38.3 £16.2), 39.5% (mean=36 + 15.5), and
32% (mean = 33.1 + 14.4), accordingly (Figure 3). Differences in c-jun im-
munoexpression indices listed above do not appear statistically significant.
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Figure 3. The box-plot of the values of difference of c-jun expression

regarding tumor location in GBM group



Hincz, Ggsior, Cichor, Kapszewicz, Sataciiska-tos, Orzechowska, Taran

There was observed a moderate association of c-jun expression and
age of women (rho=-0.64) (Figure 4), a strong association of c-jun expres-
sion and age and location in left hemisphere (rho = -0.80) (Figure 5), as
well as c-jun expression and Ki-67 expression in right hemisphere loca-
ted tumors (rho =-0.71) (Figure 6).
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Figure 4. Correlation between c-jun expression and patients age

among females —rho Spearman
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Figure 5. Correlation between c-jun expression, patients age and tumor location

in left hemisphere - rho Spearman
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Figure 6. Correlation between c-jun expression, Ki-67 expression and tumor

location in right hemisphere - rho Spearman

Neuroblastoma group

TGF-beta immunoexpression was found/in all the examined GBM cases
and appeared various with differences in, gender, age, histological type
(neuroblastoma, gangioneuroblastoma or ganglioneuroma), tumor histo-
logy (favorable or unfavorable) (Figure7) .
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Figure 7. The example of TGF-beta immunoexpression in NBL (right),
the background -Schwannian stroma poor, poorly differentiated NBL,

hematoxylin and eosin (H&E) stain, orig. magn. 200x
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There was revealed statistically significant relation of TGF expression
in histological types of tumors of neuroblastoma group, p = 0.0024, inclu-

ding tumor histology (favorable and unfavorable), p = 0.0076 (Figure 8).
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Figure 8. The values of TGF expression in NBL group (C) - C1 neuroblastoma,

C2 ganglioneuroblastoma, C3'ganglioneuroma

Discussion

The search for universal cancer biomarkers is one of the leading aims of
current oncology. Complete.understanding of basic pathways of cancer
disease seems to be.the key to cancer treatment and creating the perso-
nalized strategies that'will allow to achieve optimal results. Various pat-
terns of c-jun expression in glioblastoma and TGF-beta in neuroblastoma
group obtained in presented studies are understandable regarding the
fact that both the examined cancers cover the fundamental cancer me-
chanisms, becoming the models for cancer disease in adulthood and de-
velopmental age, appropriately.

C-jun'expression is associated with the majority of the occurring pro-
cesses including proliferation, differentiation and apoptosis [12]. Its up-
-regulation is commonly seen in the central nervous system and eviden-
ces show its connection with many pathologies such as inflammations,
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ischemia and neurodegenerative diseases as well as with many physiolo-
gical reparative processes [13, 14, 16]. It is also noticeable that many stu-
dies confirm its involvement in development and progression of-human
malignancies including glioblastoma[7, 8, 17-19].

Although, the obtained results did not achieve the minimum thre-
shold of statistical significance probably due to the limited study sub-
groups, where only huge differences within homogeneous.groups may
be proven, they well illustrate the complexity of GBM biology with non-
-complex morphology and lack of prognostic significance of morpholo-
gical findings.

There are very intriguing observed differences in,c-jun expression in
GBM of the right and left hemisphere, that seem to be worth of further
evaluation. Among these findings it is important to underline the corre-
lation of c-jun and Ki-67 expression found in the right hemisphere. The
estimation of cancer cell proliferation is oneof the oldest prognostic pa-
rameters with widely accepted value in.many cancer types. Preliminary
attempts of investigation of proliferation rate were based on light mi-
croscope assessment of mitotic-figures, however with the development
of scientific tools they were successfully replaced by more objective im-
munohistochemical stains with'the use of universal Ki-67 evaluation. In
addition, modern immunohistochemistry allows to evaluate the prolife-
rating activity of cellsmuch-more precisely. Its importance is also confir-
med in some entities in which proliferation rate assessment is not inclu-
ded in routine protocols [20]. Regarding the obtained results the crossing
of that basic cancer mechanisms and c-jun expression pathways what
stay in compliance with the literature may be suggested [19].

Very characteristic feature of neuroblastoma group is its heterogene-
ity what have an influence on prognosis and treatment that have to be
adjusted personally to a patient. The knowledge about all of the progno-
stic factors. that are associated with the development of neuroblastoma
are crucial for assessing the patient’s survival. Numerous prognostic pa-
rameters in NBL underline complexity of this disease and unknown path-
ways-of NBL biology [21, 22].
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TGFB is produced by both immune and non-immune cells and it has
a very important role in functioning of many biological processes such as
embryogenesis, immunological processes and carcinogenesis [23]. TGF3
is believed to be involved in tumorigenesis and invasiveness, by being
a contributor in oxidative stress that is associated with cancer develop-
ment [15].

Neuroblastoma is a common childhood neoplasm and the.death in the
patients with this disease is caused mostly by the development of meta-
stasis. TGFp level was proved to be increased in neuroblastoma cases and
staying in connection with the patient’s prognosis [24]. TGFf as a com-
ponent of ERK1/2 and TGFB1 signaling pathways was analyzed in the
patients with neuroblastoma as the potential regulator of proliferation,
migration and invasion of human neuroblastoma cells. It was considered
as a crucial factor in the process of cancer development and a potential
therapeutic target [25].

It was revealed in presented studies/that TGF, what stays in com-
pliance with literature, is well known and.powerful inhibitor of cell pro-
liferation and a potent inducer-of-differentiation. Resistance to its action
characterized many malignancies and-has been attributed to alterations
of its pathways and receptors, either [26]. Transforming growth factor
(TGF)-B level was indeed ‘elevated in neuroblastoma cases and found to
be related to a pathway-important for promoting neuroblastoma inva-
sion and tumor metastases has been shown to be associated with the epi-
thelial-mesenchymal transition [27, 28].

The expression-of TGFB1 was evaluated in 51 primary tumors and
17 invasion/metastasis in Wilms’ tumor cells. The higher level of TGFf1
in primary Wilms’ tumor was correlated with tumor invasion and disease
progression and could be a potential prognostic and predictive factor [11].
Wilms' tumor belongs to group of embryonal tumors in which develop-
ment nephrogenic rests have a crucial function. TGF plays a critical role
inembryo development and is strictly associated with cellular proliferation
and its growth. It is evidenced that TGF{ has the influence on Wilms’ tumor
development but the correlation between them is still not fully explained.
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It was evidenced that overexpression of TGFf1 was associated with
stage of the disease and presence of invasion and metastasis [29]. The
same the expression of TGFp was checked in medulloblastoma by.immu-
nohistochemistry methods in order to be associated withits metastasis
and patient’s survival [30].

Final study finding which is the relation of TGF-beta expressionin NBL
to tumor histology needs reflection on proliferation rate involvement si-
milarly to presented glioblastoma results. Apoptotic-mitotic index inclu-
ded in division into favorable and unfavorable histology of NBL probably
influence the obtained results.

Concluding remarks. No matter what is the way of estimation, mitotic
activity is a very good indicator of the proliferation potential which re-
flects fundamental cancer mechanism as well as it is crossed with newly
discovered pathways what regarding the obtained results found in both
the examined models may be a universal finding in cancer. Although in-
tegrated science offers the most advanced approaches, it is important
when drill down for molecular,or even atomic biomarkers to consider the
old established prognostic parameters|in prognostication in individual,
especially doubtful cases [21, 31].
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