WLENA p

7
$

Andes pediatr. 2022;93(6):868-877
DOI: 10.32641/andespediatr.v93i6.4255

ANDES
PEDIATRICA

s RevisTA CHILENA DE PEDIATRIA

1'-.. 1
¢ IIU 10 Chile
www.scielo.cl

ORIGINAL ARTICLE

Identification of epithelial-mesenchymal transition markers (EMT)
by immunohistochemistry in pediatric osteosarcoma and association

with clinical outcomes

Identificacién de marcadores de transicion epitelio-mesénquima (TEM)
por inmunohistoquimica en osteosarcoma pediatrico y asociaciéon

con desenlaces clinicos

Eileen V. Fonseca®**, Natalia Olaya®®*, Esteban F. Patifio®,

Nelson H. Aponte®9, Adriana Linares Ballesteros®®

Residente de Oncohematologia Pedidtrica, Universidad Nacional de Colombia. Bogotd, Colombia.

®Universidad Nacional de Colombia. Fundacién HOMI, Hospital Pediatrico la Misericordia. Bogota, Colombia.
‘Departamento de Patologfa, Fundacion HOMI, Hospital Pediatrico la Misericordia. Bogota, Colombia.

dServicio de Oncohematologia pediatrica Fundacion HOMI, Hospital Pediatrico la Misericordia. Bogota, Colombia.
*Ambas autoras contribuyeron en la misma medida como primer autor en este trabajo de investigacion.

Received: March 3, 2022; Approved: Jun 4, 2022

What do we know about the subject matter of this study?

In osteosarcomas, the biological mechanisms associated with their
clinical behavior have not been clarified and the epithelial-mesen-
chymal transition has been proposed as a mechanism that may ex-
plain their clinical aggressiveness.

Abstract

The epithelial-mesenchymal transition (EMT) is the ability of epithelial and mesenchymal cells to
exchange phenotypes transiently. Its identification in carcinomatous cells has been associated with
aggressive clinical phenotypes. In sarcomas, this ability is under study. Objective: to evaluate the
expression of two transcription factors involved in EMT by immunohistochemistry in pediatric os-
teosarcoma and its association with clinical outcomes. Patients and Method: A retrospective cohort
study in children under 18 years of age with osteosarcoma diagnosis. Immunohistochemistry was

What does this study contribute to what is already known?

In this work, we identified by immunohistochemistry two trans-
cription factors involved in the epithelial-mesenchymal transition
in pediatric osteosarcoma samples; these results suggest that this
type of tumor cells can use this mechanism to spread and invade
other tissues.
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performed for Snail and Twist-1 expressions from samples collected at the time of diagnosis. Corre-
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lations between immunohistochemistry and the clinical outcomes and overall survival were perfor-
med. Results: 53 patients were included. There were 26 positive cytoplasmic cases (49.1%) in Snail
expression and were correlated with the presence of multiple metastases (p = 0.02) and distant bone
metastases (p = 0.01). On the other hand, 45 cases (84.9%) were positive in Twist-1 expression in
the nuclear location, showing no association with the analyzed clinical variables. Conclusions: Snail
and Twist-1 were frequently expressed in pediatric cases of osteosarcoma. Cytoplasmic Snail was co-
rrelated with the presence of multiple metastatic disease and distant bone metastases. The positivity
of both markers suggests the activation of these proteins as regulators of EMT events in this tumor,
suggesting a role in the phenomena related to the clinical presentation of the disease.

Introduction

Epithelial-mesenchymal transition (EMT) is a bi-
ological event where epithelial cells adopt character-
istics of mesenchymal cells, and its reverse process is
the mesenchymal-epithelial transition (MET) which
means that mesenchymal cells behave like epithelial
cells. These phenotypic exchanges are reversible, and
the cells are capable to reacquire their original pheno-
type'; both are essential processes in physiological phe-
nomena such as embryogenesis, organogenesis, and
healing®.

The EMT/MET processes have been identified in
tumor cells of epithelial origin that acquire mesen-
chymal properties which give them the ability to ex-
travasate, migrate, and invade tissues distant from the
primary tumor, qualities that have been associated
with more aggressive clinical presentations and poor
prognostic outcomes’. Sarcomas also seem to present
this type of cellular plasticity, presenting an inverse be-
havior where there is a transition from mesenchymal
cell to epithelial phenotype, which also seems to be as-
sociated with a greater aggressiveness of the disease®.

The most frequent sarcoma in the pediatric age
group is osteosarcoma, a primary bone tumor with
an incidence ranging from 3 to 5 cases per million in
males and 2 to 4 cases per million in females®. To date,
the biological mechanisms underlying the aggressive
behavior of osteosarcomas have not been fully clari-
fied; some studies indicate that this type of tumor may
undergo phenotypic changes involved in the EMT and
MET which may have implications for aggressiveness
and clinical outcomes®*.

EMT/MET events are mediated by a group of ac-
tivating transcription factors whose basic set includes
Snaill (Snail), Snail2 (Slug), Twist-1, Twist-2, Zebl,
and Zeb2, which are molecules that regulate both bi-
ological phenomena and activation in tumor cells>'°.

In addition to regulating EMT/MET processes
during the embryonic period and organogenesis, the
overexpression of Snail has been observed in several
carcinomas, where it has been correlated with a higher

frequency of metastasis and greater aggressiveness in
the clinical presentation'’, and with chemoresistance,
mainly to cisplatin, doxorubicin, and 5-fluorouracil in
breast and ovarian cancer'?.

On the other hand, Twist-1 is capable to repress or
induce the expression of proteins related to the regula-
tion of embryogenesis and is fundamental in the regu-
lation of cellular changes, such as the invadopodia for-
mation and the induction of vasculogenic mimicry*’.
Several investigations have shown that Twist-1 expres-
sion is associated with unfavorable clinical outcomes
and increased frequency of metastasis in several types
of solid tumors, including prostate, cervix, breast,
stomach, and pancreas ones'’.

The objective of this study is to evaluate Snail and
Twist-1 expression by immunohistochemistry (IHC)
in osteosarcomas in pediatric patients at diagnosis, and
a possible correlation of positivity with clinical behav-
ior, chemotherapy response and toxicity, and patient
survival is studied.

Patients and Method

A cohort, retrospective study was performed on
pediatric patients with confirmed diagnosis of osteo-
sarcoma treated in a national referral institution in
Bogota, Colombia, between 2012 and May 2020. To
determine the size of the population to be included,
a non-probabilistic sampling by convenience was per-
formed since it was not possible to estimate the pro-
portion of cases that had the necessary biological mate-
rial to perform the ITHC studies. Therefore, all patients
with a confirmed diagnosis of osteosarcoma who had
a kerosene tissue block and hematoxylin-eosin-stained
tissue slides of the initial diagnosis for the IHC study
were included. Cases in which there were limitations
with the clinical records due to lack of follow-up or
abandonment of treatment at the institution were ex-
cluded.

Demographic, clinical, and outcome variables were
analyzed. Among the clinical variables, the following
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were recorded: location of the lesion, stage according
to Enneking classification, presence and location of
metastases at diagnosis, and response to chemotherapy
measured as percentage (%) of necrosis after neoad-
juvant therapy. In addition, toxicity events associated
with chemotherapy were recorded in the two periods
(neoadjuvant and adjuvant), and variables of hemato-
logic, cardiac, and renal toxicity and the presence of
mucositis were included. The outcome variables were
relapse or progression of the disease, overall survival,
and the development of second neoplasms.

For the histopathology study, after identification
of the cases, the biological samples (paraffin block and
THC study) were reviewed and those with the highest
tumor representativeness were selected for processing
with Snail and Twist-1 antibodies.

Formalin-fixed paraffin-embedded samples were
cut at 4 microns into 6 loaded slides for each case and
then deparaffinized in xylene and dehydrated in etha-
nol, followed by citrate buffer retrieval for 10 minutes
and inactivation of endogenous peroxidase with 3%
H202 for 20 minutes. Subsequently, the samples were
incubated with primary antibodies against Snail and
Twist-1 (Novusbio®) for one hour. Each tissue was
then washed for 1 minute with phosphate-buffered sa-
line. Then, the slides were incubated with the second-
ary antibody marked with horseradish peroxidase at
37°C for 30 minutes and visualized by incubation with
DAB solution (Sangon Biotech®, Shanghai, China).
Subsequently, the slides were stained with hematoxylin
for 1 minute and washed for 3 minutes with water. Fi-
nally, the slices were dehydrated with ethanol followed
by xylol and mounted with resin and fixed on a slide.

The IHC study was read as follows: not informative
in case of scanty material, artifact, or tumor necrosis;
negative: < 5% of tumor cells, focal: between 5-50% of
tumor cells, and diffuse: between 50-100% of tumor
cells. Staining intensity was considered weak if only
observed at 40X, moderate if observable at 10X, or
strong if observed at 4X, and according to the localiza-
tion as cytoplasmic, nuclear, or membranous. All cases
were evaluated by two pathologists with experience in
pediatric pathology and differences were resolved by
consensus.

Baseline processing of the variables was performed
in IBM Statistical Package for the Social Sciences 22
system (IBM Corp., Armonk, NY). Descriptive anal-
ysis was performed for quantitative variables in their
measures of central tendency and nominal variables in
absolute and relative frequencies.

Descriptive ITHC characterization of the cohort
was performed. Cases that were considered positive
(defined as mild staining based on intensity) for each
transcription factor were statistically correlated with
clinical characteristics using the chi-square test and
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correlation with overall survival was assessed using the
Kaplan-Meier method with the log-rank test. The re-
sults were interpreted based on a statistical significance
level of 0.05.

This work was approved by the ethics committee of
the institution according to CEI 75-17 No. 007.

Results

General characteristics of the cohort

In the period evaluated, 53 patients met the inclu-
sion criteria. Of these, 33 cases (62.2%) were male.
The median age was 13 years (IQR 3-17). The most
frequent location of the primary tumor was the femur
in 29 patients (54.7%), followed by the tibia in 14 cas-
es (26.4%), humerus in 8 patients (15.1%), and fibula
and iliac crest each with 1 patient (1.9%). In 51 patients
(96.2%), the histological classification of osteosarcoma
was of conventional type; one case of small-cell os-
teosarcoma (1.9%), and 1 case (1.9%) of telangiectatic
type. Metastases were found in 18 patients (34%) at
diagnosis.

The treatment characteristics of the cohort were as
follows: 27 patients (50.9%) received high-dose meth-
otrexate therapy, 23 patients (43.4%) were managed
according to the 2017 ACHOP protocol (Ifosfamide,
Etoposide, Doxorubicin), and 3 cases (5.7%) received
both therapy schemes combined. 48 patients (90.5%)
underwent local disease control surgery and only 1
patient (2.8%) achieved positive resection margins. In
3 patients (5.6%), metastasectomy was performed as
first-line therapy. The mean necrosis % of the entire
cohort was 67.8% (SD 34.4); of the total cohort, 20
patients (37.7%) had necrosis greater than 90% after
neoadjuvant chemotherapy. First-line radiotherapy
was not used in any of the cases.

During follow-up, there were 10 patients (18.9%)
with disease progression and 9 cases (16.9%) with dis-
ease relapse after completing the treatment, and 15 pa-
tients (28.3%) died of different causes: 7 (46.6%) due
to progression of the osteosarcoma, 4 (26.6%) due to
relapsed disease, 3 (20%) due to second neoplasms,
and 1 case (6.6%) due to complications derived from
therapy.

Immunohistochemistry results

Snail

More frequent Immunostaining was found in the
cytoplasmic location with 26 cases (49.1%); of these, 14
cases (53.8%) had focal distribution and the remaining
12 cases (46.1%) had diffuse distribution; regarding
the intensity of staining, it was distributed as follows:
7 cases (26.9%) with strong staining, 7 cases (26.9%)
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moderate, and 12 cases (46.1%) with weak staining. In
26 cases (49.0%), no Snail positivity was observed in
the sample at any location. Table 1 presents the clinical
variables of the cytoplasmic Snail-positive cases and
their correlation. A statistical association was found
between positive and strong cytoplasmic Snail positiv-
ity and the presence of multiple metastases at disease
onset (p = 0.02) and with bone localization in meta-
static disease (p = 0.01).

Only two cases (3.8%) showed immunostaining
in the nucleus, both had diffuse distribution, and the
intensity was moderate. The first of these cases was a
12-years-old female patient, with pathologic fracture
at the onset, the location of the tumor was femoral,
and without metastasis at diagnosis; she received neo-
adjuvant, salvage surgery and the degree of post-che-
motherapy necrosis was 25%; however, during treat-
ment, she presented progression of the disease at the
pulmonary level which caused her death. The second
case, another female patient, 13 years old, with primary
location of the tumor in the femur, without metastasis
at the time of diagnosis, received neoadjuvant, salvage
surgery and the degree of post-chemotherapy necrosis
was 89%; the patient had a relapse in the first year of
follow-up after the end of treatment.

Given the high frequency of positivity in the cy-
toplasm of this marker, it was decided to perform an
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analysis of overall survival using the Kaplan-Meier
estimate of osteosarcoma cases with positive Snail at
the cytoplasmic level, finding no significant differences
between those who had positive immunostaining and
the group with negative immunostaining and overall
survival (Figure 1).

Twist-1

In 12 cases (22.5%), immunostaining was observed
in the cytoplasm; of these, in 8 cases (66.6%) the mark-
er localization was diffuse throughout the sample and
the 4 cases (33.3%) had focal localization. Regarding
staining intensity, there were 5 cases (41.6%) with
weak, 5 cases (41.6%) with moderate, and 2 cases
(16.6%) with strong staining. . No statistical associa-
tion was observed between cytoplasmic Twist positivi-
ty and the clinical variables studied.

Nuclear Twist was found in 45 cases (84.9%); of
these, 31 cases (68.8%) had diffuse localization and
14 cases (31.1%) had focal localization. In relation to
the staining intensity, 15 cases (33.3%) presented weak
staining, 17 cases (37.7%) moderate, and 13 cases
(28.8%) strong staining; 10 cases had nuclear and cy-
toplasmic staining at the same time. For Twist-1, 6 cas-
es (11.3%) did not present immunostaining. Table 2
shows the summary of clinical features and nuclear
staining of Twist-1.

Table 1. Cytoplasmic Snail expression and correlation with clinical features

Clinical features Snail n (%) p value Cases according with to the amount of p value
positively stained cells
- + ++ +++
n=26 n=26 (n=12) (n=7) (n=7)

Prensece of metastasis 11(42.3) 7 (26.9) 0.38 4 1 2 0.53
Metastasis

Only site 11 (42.3) 4(15.4) 3 1 -

Multi-site - 3(11.5) 0.04* 1 - 2 0.02*
Location of metastases

Skip metastasis 3(11.5) 3(11.5) 0.62 3 - - 0.43

Lungs 8(30.7 3(11.5) 0.33 1 1 - 0.64

Distant bones 0.06 2 - 2 0.01*
Relapse disease 22 (84.4) 4(15.4) 0.52 3 1 - 0.24
Disease progression 22 (84.4) 4(15.4) 0.72 3 - 1 0.65

I 0,

Tumor necrosis rate > 90% after 10 (38.5) 10 (38.5) 0.76 3 4 3 039
neoadjuvant chemotherapy
Hematologic toxicity 4 (15.4) 22 (84.6) 0.50 12 5 5 0.59
Liver toxicity 17 (65.4) 9 (34.6) 0.27 5 3 1 0.35
Kidney toxicity 25 (96.2) 1 (3.8) 0.74 = 1 = 0.74
Cardiac toxicity 24 (92.3) 2 (7.7) 0.68 1 - 1 0.45
Mucositis 24 (92.3) 2 (7.7) 0.51 1 1 - 0.47
Second Neoplasms 24 (92.3) 2 (7.7) 0.57 - 1 1 0.31
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Figure 1. Overall survival and cyto-
plasmic Snail.
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Table 2 . Nuclear Twist-1 expression and correlation with clinical features

Variable Twist n (%) p value Cases according to the amount of p value
positively stained cells
+ + ++ +++
(n=6) (n = 45) (n=15) (n=17) (n=13)

Presence of metastasis 17 0.16 7 6 4 0.24
Metastasis

Only site 14 6 5 3

Multi-site 3 0.83 1 1 1 0.83
Location of metastases

Skip metastasis 6 0.66 3 2 1 0.66

Lungs 10 0.61 5 4 1 0.61

Distant bones 4 0.85 1 1 2 0.85
Relapse disease 8 0.58 3 5 - 0.58
Disease progression 9 0.52 B 4 2 0.52
Tumor necrosis rate > 90% after 16 0.35 8 3 5 0.35
neoadjuvant chemotherapy
Hematologic toxicity 37 0.34 12 12 13 0.20
Liver toxicity 21 0.44 7 8 6 0.22
Kidney toxicity 2 0.71 - - 2 0.71
Cardiac toxicity 4 0.50 1 2 1 0.50
Mucositis 4 0.57 1 3 - 0.57
Second Neoplasms 2 0.40 - - - -
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Figure 2. Overall survival
and nuclear Twist-1.

There was no correlation between nuclear immu-
nostaining positivity and the variables presence or type
of metastasis, relapse, disease progression, response to
chemotherapy, or any type of chemotherapy-related
toxicity.

The analysis of overall and event-free survival using
the Kaplan-Meier method was performed for osteosar-
coma cases with Twist-1 positive at the nuclear level,
finding no significant differences among those with
positive immunostaining (Figure 2).

The two cases that showed Snail staining at the nu-
clear level also presented Twist-1 nuclear positivity.

Figure 3 shows the imaging findings in the IHC of
Snail and Twist-1.

Discussion

Cellular plasticity regulated by transcription factors
such as Twist-1, Snail, and others such as Slug, ZEB1,
and ZEB2 plays a fundamental role in regulating the
transition between the epithelial and mesenchymal
state!'®. This investigation evaluated the expression by
IHC of Snail and Twist-1 in pediatric osteosarcomas
and assessed the correlation of this expression with dif-
ferent clinical variables and outcomes.

Since Snail and Twist-1 are transcription factors,
it was expected that the staining would be found pri-

marily in the nucleus to be considered positive and
correlated with the activity of each of these molecules,
however, the locations varied for both markers.

In the case of Snail, the nuclear localization was
infrequent and only two patients presented this im-
munostaining pattern, however, it is striking that they
share clinical characteristics such as age, sex, and dis-
ease onset without metastasis and, despite receiving
treatment, both patients also had relapses. Although it
corresponds to only two cases of the cohort evaluated
and it is not possible to generalize due to the size of
the sample, it could be suggested that the nuclear ex-
pression of Snail evaluated by IHC is a factor that can
predict the presence of relapses.

Additionally, it was found that up to 49% of the
cases have positive Snail staining with cytoplasmic
localization. It was decided to explore the correlation
between clinical and outcome variables given the sig-
nificant positivity in the cohort and, strikingly, there
was a statistical correlation between the presence of
multiple metastatic sites at diagnosis and the presence
of bone metastases distant from the primary tumor site
and this association was accentuated with strong Snail
positivity. Other authors have reported cytoplasmic
expression by IHC of Snail in tumors also of mesen-
chymal origin, and it is presumed that this location
could be related to a type of post-transcriptional regu-
latory level of cell growth and differentiation'’.
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Figure 3. Snail and Twist-1 by immunohistochemistry (IHC). Snail. The image shows a conventional osteosarcoma (a) positive for cytoplasmic
staining of Snail in tumor cells (b). Hypercellular osteosarcoma with less osteoid formation (c) shows nuclear dot expression for Snail (d).
Twist-1. Conventional osteosarcoma is observed (e), positive for nuclear Twist-1 by IHC (f) it is highlighted that the nuclei are embedded in
the osteoid stroma. Another similar osteosarcoma (g) in which strong nuclear positive Twist-1 is also seen (h). In this case, the stroma is less

abundant.
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Snail has already been associated in other studies as
a factor that can predict disease progression when it is
overexpressed in osteosarcomas due to its capacity to
regulate molecules such as E-cadherin'®, however, cy-
toplasmic staining has not been previously correlated
with clinical outcomes, therefore, this finding deserves
attention because it could be a surrogate expression of
EMT/MET and that eventually could function as an
early marker of poor prognosis, although further re-
search is needed.

Twist-1 is a fundamental transcription factor in the
regulation of EMT/MET and current evidence shows
that its expression in tumor cells favors the dissemi-
nation of the primary tumor and its subsequent estab-
lishment in distant organs'®". Strikingly, in this work,
we found a frequent expression of Twist-1 at the nu-
clear level, reaching almost 85% of the cases evaluated,
however, contrary to what was documented by Ying et
al.'”, we could not find an association of this expres-
sion with factors such as the presence of metastasis or
overall survival.

As transcription factors, Snail and Twist need to
enter the nucleus to fulfill their function, however, it
is possible that the transport systems to the nucleus,
importins and exportins, which must be intact for their
mobility, present some type of alteration in this type of
tumors. On the other hand, Snail is an unstable protein
that degrades rapidly. It is also possible that, in these
cases, some post-transcriptional modification (phos-
phorylation, ubiquitination, and lysine oxidation)
increases the stability of the protein in the cytoplasm.
Both biological mechanisms should be explored in fur-
ther studies®®?!.

Although EMT/MET-related transcription factors
have also been associated with chemoresistance and
response to chemotherapy'*'#**%, in this investigation
no association was found with necrosis % post neoad-
juvant nor with therapy-related toxicity.

Among the limitations, we can mention that it is a
single-center study with a limited number of samples,
only two markers related to EMT/MET events were ex-
plored, and the tool used was IHC. Other structural as-
pects of both proteins could be explored to confirm or
rule out our findings as described in the literature and,
although our results with Twist analysis were incon-
clusive, it has been implicated as a prognostic marker
in osteosarcoma in other investigations*.

In conclusion, Snail and Twist-1 can be expressed
in different subcellular locations and frequently in a
sample of pediatric patients with osteosarcoma. The
most striking finding of this study was the correlation
between the presence of positive cytoplasmic Snail and
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the presence of multi-site metastatic disease. Snail may
participate in migration and metastasis-facilitating
events in pediatric osteosarcoma, suggesting an essen-
tial role in phenomena related to the clinical aggres-
siveness of the disease. We suggest that the positivity of
these proteins through IHC is related to their activation
and possible induction of EMT/EMT events in these
tumor cells, however, we failed to demonstrate a clear
role in correlation with the different clinical events or
patient outcomes in this cohort. Further studies are re-
quired to confirm or rule out our findings.
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