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Abstract: Purpose: Vasculogenic mimicry (VM) is present in a variety of malignant tumors, and is related to the
degree of malignancy. Neuroblastoma (NB) can induce the expression of fetal hemoglobin (HB-F). The purpose of
this study was to investigate the clinicopathological significance of the number of VMs and tumor cell expression of
HB-F in children with peripheral neuroblastic tumors (pNTs). Materials and Methods: We collected tissue samples
and clinical data from 101 children with pNTs; prepared serial sections of tissue wax blocks for hematoxylin and
eosin staining, CD31/periodic acid-Schiff double staining, and HB-F immunohistochemical staining; and analyzed
the experimental results. Results: There were significant differences in the number of VMs and HB-F expression
in tumor cells according to the pathological classification of pNTs (P<0.001, collectively). Poorly differentiated NB
had a median of 137 VMs and 25.5% HB-F expression. Differentiating NB had a median of 90.5 VMs and 8.5%
HB-F expression. Ganglioneuroblastoma intermixed had a median of 6.0 VMs and 1.0% HB-F expression. Ganglio-
neuromas had no VM and a median of 0% HB-F expression. The number of VMs and the expression of HB-F were
significantly higher in the poor prognosis group than the good prognosis group (P<0.001, collectively). There was a
strong positive correlation between the number of VMs and HB-F expression in pNTs (r=0.891, P<0.001). Conclu-
sion: We confirmed VM and HB-F expression in pNTs. The number of VMs and HB-F expression were higher in poorly
differentiated tumors. The number of VMs and level of HB-F expression in pNTs might be related to the prognosis.
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Introduction

Peripheral neuroblastic tumors (pNTs) are a
class of extracranial malignant embryonic tu-
mors originating from the primitive neural crest
and are one of the most common malignant
tumors in children [1, 2]. PNTs account for 15%
of malignant tumors deaths in children in North
America[3, 4]. The International Neuroblastoma
Pathology Committee (INPC) divides pNTs into
the following four subtypes: neuroblastoma
(NB), ganglioneuroblastoma intermixed (GNBI),
ganglioneuroblastoma nodular (GNBn), and
ganglioneuroma (GN) [5]. NB can be further
divided into three subtypes: undifferentiated
(composed of undifferentiated neuroblasts wi-
thout discernible neuropils); poorly differentiat-
ed (the most common subtype, most of which
are typical neuroblasts with clearly recogniz-

able neuropils); and differentiating (containing
abundant neuropils with differentiation of more
than 5% of the neuroblasts) [5, 6]. GNBi tumors
contain more than 50% Schwannian stroma,
containing neuroblasts at different stages of
differentiation. GN are composed mainly of
Schwannian stroma scattered with mature or
maturing ganglion cells and can be divided into
mature and maturing subtypes [5]. The princi-
pal feature of GNBn is the presence of one or
more obvious neuroblastic nodules (stroma-
poor component) coexisting with GN or GNBI.
The prognosis of GNBn depends on the tissue
classification of the nodules [7]. The prognosis
of pNTs is related to a variety of factors, includ-
ing age, histological type, mitosis-karyorrhexis
index (MKI), and molecular genetic changes [8].
The known genetic alterations associated with
pNTs include MYCN amplification, 1p deletion
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and 11q deletion [9, 10]. In 2003, the INPC
modified the prognostic classification, which
was divided into two groups: favorable histolo-
gy (FH) and unfavorable histology (UH) [7, 11,
12]. Cases with UH often progress rapidly, and
metastasis may occur in the early stage, caus-
ing difficulties in the treatment of children.
Approximately 40% of children with high-risk
NB eventually die due to treatment failure and
recurrence [13, 14]. Therefore, identifying the
causes of treatment failure and developing
effective new methods of treatment have be-
come the focus of current research.

In recent years, many studies have found that
vasculogenic mimicry (VM) is present in many
other malignant tumors such as melanoma,
ovarian cancer, glioma, breast cancer, liver can-
cer, and gastric adenocarcinoma [15-20]. VM is
a simulated vascular channel formed by tumor
cells surrounding erythrocytes [21]. Because
the inner wall of the lumen is not covered by
endothelial cells, tumor cells can enter the
blood directly; therefore, tumors with VM are
prone to metastasis and have a poor prognosis
[22]. For such tumors, anti-angiogenesis-tar-
geted drugs, such as bevacizumab and suni-
tinib, are generally ineffective [23-25].

Tumor growth cannot be separated from the
oxygen supply. When the tumor grows too rap-
idly, the lack of oxygen supply to the tumor cells
leads to ischemic necrosis. The oxygen-carry-
ing capacity of fetal hemoglobin (HB-F) is high-
er than that of adult hemoglobin, while its oxy-
gen release capacity is weak [26]. HB-F ensures
that tumor cells can survive under severe
hypoxia. Previous studies have demonstrated
the expression of HB-F in NB using immunohis-
tochemistry [27]; however, its specific expres-
sion is not clear. The vascularized tissue-engi-
neered model of NB has also confirmed the
existence of VM in vitro [28]; however, it has
rarely been reported in natural tumors. In this
experiment, 101 pathological specimens of
patients with pNTs were collected to verify the
existence of VM and HB-F expression in tumors,
and to study the relationship and significance
between pNTs and VM and HB-F expression.

Materials and methods

Collection and arrangement of pathological
materials

Tissue samples were collected from 101 chil-
dren with pNTs with complete clinical data from
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April 2006 to January 2022 at Tianjin Children’s
Hospital. Among the 101 cases, there were 59
NB (1 undifferentiated, 42 poorly differentiat-
ed, and 16 differentiating type), 24 GNBIi, 2
GNBn, and 16 GN. The age at the time of diag-
nosis, sex, MKI, prognosis of each case was
recorded.

Selection of wax blocks

All original hematoxylin and eosin (H&E)-stained
sections from each patient were reviewed.
Because of the uneven distribution of cell com-
ponents in pNTs, we determined typical sec-
tions that conformed to the histological classifi-
cation and determined the corresponding wax
blocks. Each wax block was continuously sliced
for at least three pieces (3 um/piece). Three
section each was stained using H&E staining,
CD31/periodic acid-Schiff (PAS) double stain-
ing, and HB-F immunohistochemical staining.

Hematoxylin and eosin staining

The 3-pym sections were deparaffinized and
rehydrated, then stained with hematoxylin
(Baso, Zhuhai, China) for 5 minutes, differenti-
ated and reblued, stained with eosin (Baso,
Zhuhai, China) for 40 seconds, dehydrated with
gradient alcohol, and sealed with sealing glue.

CD31/PAS double staining

For CD31/PAS double staining, immunohisto-
chemical staining of the sections was per-
formed using the avidin-biotin-peroxidase me-
thod in the earlier stages and incubation with
CD31 primary antibody (Long Island, Shang-
hai, China). After diaminobenzidine (DAB; Long
Island, Shanghai, China) developed color, sec-
tions were washed with running water, and
solution A of the PAS kit (Maiwei, Xiamen,
China) was then added for 10 min. The sections
were then washed with distilled water, and
solution B was added for 15 min, and then they
were rinsed with tap water for 10 min. The
nucleus was counterstained with hematoxylin
and dehydrated, and sealed.

Fetal hemoglobin immunohistochemical stain-
ing

The 3-pym sections were deparaffinized and
rehydrated, then soaked in 3% H,0, solution for
10 min, washed with water, microwave repaired
with pH 6.0 sodium citrate repair solution for
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15 min, serum blocked for 30 min, incubated
with rabbit anti-hemoglobin subtype y 2 mono-
clonal antibody (Bioss, Beijing, China, with dilu-
tion ratio of 1:50) overnight at 4°C in a humidi-
fied chamber. The next day, the secondary
antibody (Celplor, North Carolina, USA) was
added to the slices for 30 min, the prepared
DAB solution (Long Island, Shanghai, China)
was added for color development for 10 min,
and the nuclei were counterstained with hema-
toxylin, dehydrated, and sealed.

HB-F/PAS double staining

HB-F/PAS double staining was performed on
sections containing VMs, similar to CD31/PAS
double staining, and rabbit anti-hemoglobin
subtype y 2 monoclonal antibody (Bioss, Bei-
jing, China, at a dilution ratio of 1:50) was used
as the primary antibody.

HB-F/CD31 double staining

A Leica immunohistochemical instrument was
used for HB-F/CD31 double staining of VM and
blood vessel sections. HB-F was stained brown
using the horseradish peroxidase-DAB method,
and CD31 was stained red using the alkaline
phosphatase-red method.

Histopathological assessment

The lumen wall cells of the VM were negative
for CD31 and positive for PAS or negative for
both CD31 and PAS, with red blood cells in the
lumen. CD31 and PAS staining were positive in
endothelial-dependent vessels. Ten randomly
selected hotspot fields of the CD31/PAS dou-
ble-stained sections were viewed at x400 mag-
nification, and the total number of VMs in each
section was counted. Positive HB-F immunohis-
tochemical staining was seen as brownish yel-
low fine particles in red blood cells. The HB-F
positivity rate was determined by viewing 10
randomly selected hotspot fields X400 magnifi-
cation, counting 100 cells in each visual field,
calculating the proportion of positive cells in
each visual field, and then calculating the mean
value for the 10 visual fields.

Classification of peripheral neuroblastic
tumors

According to the INPC classification, there is a
gradual differentiation and maturation process
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of tumors from undifferentiated, poorly differ-
entiated, and differentiating NB, to GNBi and
GN. As the degree of differentiation and matu-
ration increases, the Schwann stromal compo-
nent changes from poor to abundant, the primi-
tive neuroblastcomponent gradually decreases,
and the increased neuroblasts started to differ-
entiate and mature into ganglion cells. GNBn is
a special type and its degree of differentiation
shows diversity because of the differences in
the composition within the nodule. Therefore,
we classified the 101 pNT tissue samples into
the following six groups: undifferentiated NB,
poorly differentiated NB, differentiating NB,
GNBI, GN, and GNBn.

Statistical analysis

SPSS, version 25.0 (IBM Corporation, Armonk,
NY, USA) software was used to analyze the
data. Because some data in the grouping did
not meet the normal distribution, the Mann-
Whitney U test was used to test the association
of sex and prognosis with VM and HB-F; the
Kruskal-Wallis H test was used to test the as-
sociation of age, differentiation type, and MKI
with VM and HB-F; and correlation analysis and
partial correlation analysis were used to test
the significant of correlations between age, VM,
and HB-F. Statistical significance was set at
P<0.05.

Results

Basic characteristics of the peripheral neuro-
blastic tumors

We observed the typical histopathological
characteristics of each of the six groups of
pNTs on microscopy, as shown in Figure 1A.
Undifferentiated NB were composed of un-
differentiated neuroblasts without discernible
neuropils (Figure 1Aa). Poorly differentiated NB
were composed of undifferentiated neuroblas-
tic cells with clearly recognizable neuropils,
and some neuroblasts formed a Homer-Wright
rosette around the neuropils (Figure 1Ab).
Differentiating NB showed synchronous nucle-
ar and cytoplasmic differentiation in more th-
an 5% of the neuroblasts (Figure 1Ac). GNBI
showed well-defined microscopic nests of neu-
roblastic cells that were intermixed or randomly
distributed in >50% of the Schwannian stroma
(Figure 1Ad). GN showed fully mature ganglion
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Figure 1. A. Morphological characteristics of different differentiation types of peripheral neuroblastic tumors (pNTs):
(a) Undifferentiated neuroblastoma (NB) showing undifferentiated neuroblasts forming vasculogenic mimicry (VM)
structures around red blood cells (black arrowheads) (H&E, x20). (b) Poorly differentiated NB showing a rosette
of undifferentiated neuroblasts surrounding the neuropil (red arrowheads) and VM structure (black arrowheads)
(H&E, x20). (c) Differentiating NB showing differentiating neuroblasts (red arrowheads) and the VM structure (black
arrowheads) (H&E, x20). (d) Ganglioneuroblastoma intermixed (GNBi) showing more than 50% Schwann matrix,
containing scattered neuroblastoma nests (H&E, x10). (e) Ganglioneuroma (GN) showing mature ganglion cells
(red arrowheads), blood vessel structure (black arrowheads) (H&E, x20). (f) Ganglioneuroblastoma nodular (GNBn)
showing a clear boundary between the neuroblastoma nodules (lower left) and the stroma-rich tumor tissue (upper
right) (H&E, x10). (g) GNBn showing the VM structure in the neuroblastoma nodule (black arrowheads) (H&E, x20).
(h) GNBIi showing immature ganglion cells (red arrowheads), and the VM structure (black arrowheads) (H&E, x20).
B. Characteristics of the VM structure: (a) VM structure formed by neuroblasts (black arrowheads) surrounding
erythrocytes (red arrowheads) (H&E, x40). (b) VM structure at the same position under CD31/periodic acid-Schiff
(PAS) double staining, showed neuroblast CD31-negative and PAS-positive (black arrowheads), blood vessel nearby
(red arrowheads) (CD31/PAS, x40). (c) VM structure with both CD31-negative and PAS-negative (black arrowheads),
blood vessel (red arrowheads) (CD31/PAS, x40). (d) Endothelium dependent vascular structure with endothelial
cells CD31-positive (red arrowheads), PAS-positive (black arrowheads) (CD31/PAS, x40).

cells with satellite cells that were individually
embedded in the Schwannian stroma (Figure
1Ae). GNBn showed ganglioneuromatous tis-
sue as thin septa between the NB nodules and
the stroma-rich tumor tissue (Figure 1Af). The
pathological data of children with pNTs in each
group are summarized in Table 1. We took FH
and UH to represent good and poor prognosis.
The age distribution was significantly different
among the six groups of pNTs (P<0.001,
Kruskal-Wallis H test). Differentiation of pNTs
increased significantly with increasing age
from poorly differentiated NB, differentiating
NB, GNBi to GN (Table 1). Overall, the number
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of pNTs did not differ by sex (50 boys, 51 girls);
however, girls had better differentiation types
(P=0.028, Fisher’s exact test). The prognosis of
pNTs was associated with the degree of tumor
differentiation (P<0.001, Fisher's exact test).
MKI was not associated with the degree of
tumor differentiation (P=0.361, Fisher’s exact
test).

Features of vasculogenic mimicry in peripheral
neuroblastic tumors

Different numbers of VMs were observed in NB
and GNBn (Figure 1Aa-Ac, 1Ag). Of the 24
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Table 1. Classification and histopathology of peripheral neuroblastic tumors in study subjects

(N=101)
Undifferentiated NB  Poorly differentiated NB  Differentiating NB GNBI GN GNBn P
n 1 42 16 24 16 2
Age/month
X +s 72 16.3+18.5 24.8+16.5 57.8+37.2 72+24.8 24+17.0 0.000
Gender
Male 1 28 5 10 6 0 0.028
Female 0 14 11 14 10 2
Prognosis
Good 0 28 14 24 16 1 0.000
Poor 1 14 2 0 0 1
MKI
Low 1 27 13 1 0.361
Medium 0 11 3 0
High 0 4 0 1

Remarks: NB, neuroblastoma; GNBI, ganglioneuroblastoma intermixed; GN, ganglioneuroma; GNBn, ganglioneuroblastoma nodular; MKI, mitosis-

Karyorrhexis index.

cases of GNBI, 18 cases had VMs in the GNBi
but no VM in the GN (Figure 1Ae, 1Ah). On
microscopy, VMs appeared as lumen-like struc-
tures composed of small round blue neuro-
blasts could be seen on H&E staining, and the
lumen was full of red blood cells (Figure 1Ba).
In the same position as the CD31/PAS double
staining section, the lumen wall cells were neg-
ative for CD31 staining, with or without a layer
of continuous pink PAS staining, such as the
basement membrane lining the wall (Figure
1Bb, 1Bc). Endothelial cell-dependent vessels
were positive for both CD31 and PAS staining
and their cell walls were spindle-shaped (Figure
1Bd). The VM were distributed predominantly
under the tumor capsule and in necrotic areas
of the tumor cells.

Expression characteristics of fetal hemoglobin
in peripheral neuroblastic tumors

Both NB and GNBn showed high or moderate
expression of HB-F in the tumor cells (Figure
2Aa-Ad). In the GNBi group, there were 15
cases of low HB-F expression and 9 cases of no
expression (Figure 2Ae). In the GN group, there
were 4 cases of low HB-F expression and 12
cases of no expression (Figure 2Af). The ex-
pression of HB-F by tumor cells was mostly dis-
tributed in front of the tumor invasion (Figure
2Ba), around necrotic areas (Figure 2Bb), and
in VMs (Figure 2Bc), but it some blood vessels
were negative for HB-F (Figure 2Bd).
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Relationship between the number of vascu-
logenic mimicries and clinicopathological
indexes in peripheral neuroblastic tumors

There was no significant difference in number
of VMs according to sex (P=0.094, Table 2);
however, there were significant differences in
the number of VMs according to the histopatho-
logical classification (P<0.001, Table 2). Poorly
differentiated histopathological types tended
to have a greater number of VMs; however, this
was not analyzed statistically owing to the small
number of cases of undifferentiated NB and
GNBnN. The number of VMs in poorly differenti-
ated NB was significantly higher than that in
other groups; and the number of VMs in differ-
entiating NB was higher than that in GN; where-
as there were no differences between differen-
tiating NB and GNBI, or between GNBi and GN
(Table 3). The number of VMs was significantly
higher in the poor prognosis group than in the
good prognosis group (P<0.001, Table 2). There
was no significant difference in the number of
VMs according to the MKI (P=0.175, Table 2).

Relationship between fetal hemoglobin expres-
sion in tumor cells and clinicopathological
indexes in peripheral neuroblastic tumors

HB-F expression did not differ significantly
according to sex (P=0.062, Table 4), but dif-
fered significantly according to the histopatho-
logical classification (P<0.001, Table 4). Poorly
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Figure 2. A. Fetal hemoglobin (HB-F) expression in peripheral neuroblastic tumors (pNTs) with different degrees of
differentiation: (a) Undifferentiated neuroblastoma (NB) showing moderate expression of HB-F (IHC, x20). (b) Poorly
differentiated NB showing high expression of HB-F (IHC, x20). (c) Differentiating NB showing moderate expression
of HB-F (IHC, x20). (d) Ganglioneuroblastoma nodular (GNBn) showing moderate expression of HB-F in the nodules
(IHC, x20). (e) Ganglioneuroblastoma intermixed (GNBi) showing low expression of HB-F (IHC, x20). (f) Ganglioneu-
roma (GN) showing no expression of HB-F (IHC, x20). B. HB-F expression at different locations in pNTs: (a) Positive
HB-F staining in tumor envelope area (IHC, x10). (b) Positive HB-F staining around a necrotic area (IHC, x10). (c)
Brown positive HB-F staining (black arrowheads) in the vasculogenic mimicry (VM), with a periodic acid-Schiff (PAS)-
positive basement membrane (red arrowheads, HB-F/PAS, x20). (d) Negative HB-F staining (red arrowheads) in

tumor vessels, with brown positive HB-F staining nearby (black arrowheads, HB-F/CD31, x20).

differentiated histopathological types tended
to have higher HB-F expression. According to
the group-group comparison, as with VM, the
expression of HB-F in poorly differentiated NB
was significantly higher than that in the other
groups, and HB-F expression in differentiating
NB was higher than that in GN; however, there
was no significant difference in HB-F expres-
sion between differentiating NB and GNBI, or
between GNBi and GN (Table 5). The HB-F
expression was higher in the poor prognosis
group than in the good prognosis group (P<
0.001, Table 4). There was no significant dif-
ference in HB-F expression in pNTs according
to the MKI (P=0.658, Table 4).
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Correlation between the number of vasculo-
genic mimicries and fetal hemoglobin expres-
sion in peripheral neuroblastic tumors

To further validate the correlation between
number of VMs, HB-F expression, and pNT dif-
ferentiation, we generated bar and scatter
plots by ranking the first five groups according
to their degree of differentiation. Both VM num-
bers and HB-F expression showed a decreas-
ing trend with better differentiation (Figure 3A,
3B). Scatter plots showed that the VM number
was positively associated with HB-F expression
(r*=0.847, Figure 3C). Owing to pNT differen-
tiation, HB-F expression was related to age;
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Table 2. Relationship between the amount of vasculogenic
mimicry and clinical pathological indexes in the peripheral

neuroblastic tumors

this condition is complex. Owing to its
biological heterogeneity, pNTs have
diverse clinical manifestations and

Number of VMs
Me (min, max)

pathological types, and the prognosis
P varies [30, 31]. For some pNTs with a

good prognosis, the neuroblasts in

Gender :
the tumor body can subside sponta-
Male 50 111.5(0,231) -1.673 0.094 .
neously during the development pro-
Female 51 54 (0, 220)

Differentiation type

Poorly differentiated NB 42 137 (73,221) 83.279 0.000

cess, and the children can be cured
by surgical resection of the tumor,
whereas for some pNTs with a poor

Differentiating NB 16 90.5 (14, 135) prognosis, metastasis and recurren-
GNBI 24 6.0 (0, 54) ce can still occur despite tumor body
GN 16 0 (0, 0) resection, radiotherapy, chemothera-
Prognosis py, and combined treatments [30].
Good 83 54 (0, 220) 3.724 0.000 Exploring the mechanism of drug
Poor 18 131 (93, 231) resistance in the treatment of high-
MKI risk NB has become an important and
Low 42 1215(12,231) 3485 0175  Ccnallenging research topic in recent
Medium 14 119 (73,183) ygars. We studied 101 tissue samples
’ with pNTs and demonstrated the

High 5 151 (140, 167)

presence of VM and its relationship

Remarks: VM, vasculogenic mimicry; NB, neuroblastoma; GNBI, ganglio-
neuroblastoma intermixed; GN, ganglioneuroma; MKI, mitosis-Karyorrhex-

is index.

Table 3. Group-group comparison of the
amount of vasculogenic mimicry in peripheral
neuroblastic tumors according to the tissue
differentiation type

Standard Standard test

Group-group statistics P

1-2 8.306 3.051 0.014*
1-3 7.234 6.796 0.000**
1-4 8.306 7.796 0.000**
2-3 9.125 2.611 0.054
2-4 9.995 3.942 0.000**
34 9.125 1.708 0.526

Remarks: 1 shows poorly differentiated neuroblastoma,
2 shows differentiating neuroblastoma, 3 shows ganglio-
neuroblastoma intermixed, 4 shows ganglioneuroma,
*<0.05, **<0.01.

therefore, we used age as the control variable
and performed a partial correlation analysis of
the three variables (r=0.891, P<0.001). The
results showed that the number of VMs was
remained positively correlated with HB-F ex-
pression.

Discussion

PNTs are common extracranial malignant solid
tumors in children [29]. The pathogenesis of
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to the degree of differentiation. The
number of VMs in poorly differentiat-
ed tumors was significantly higher
than that in well-differentiated tu-
mors. Statistical analysis revealed that the
number of VMs in the poor prognosis group
was significantly higher than that in the good
prognosis group, indicating that the presence
of VMs is also a risk factor for poor prognosis in
pNTs. The VM was mostly concentrated under
the capsule, and at the edge of necrotic areas,
in areas with more neuroblasts. These areas
are the most prone to hypoxia. The hypoxic
microenvironment stimulates tumor cells to
form VM through various mechanisms, thereby
providing rapid blood support for tumor cells. In
some other malignant tumors, the mechanism
of VM had been confirmed to involve processes
such as cytoskeleton reorganization caused by
matrix metalloproteinases, HIF-1a promote
epithelial-mesenchymal transition, high expres-
sion of InNcRNA, and immune proteins related to
tumor recruitment [32-35], but further research
is needed to confirm the mechanism of VM for-
mation in pNTs. Villasante et al. [28] estab-
lished an in vitro vascularized tissue engineer-
ing model to confirm that there are two types
of VM: (1) a vascular-like structure formed
by tumor cells surrounding erythrocytes with
CD31/PAS* lumen wall cells; and (2) a blood
vessel formed by tumor-derived endothelial
cells with CD31" lumen wall cells. Isotretinoin
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Table 4. Relationship between the expression of fetal
hemoglobin and clinical pathological indexes in peripheral

appears that for pNTs, tumors with
VMs are more prone to hematoge-

neuroblastic tumors

nous metastasis and have a poor

prognosis, which may be related to

HB-F (%) .
n —————— Z/Hc P treatment resistance.
Me (min, max)

Gender HB-F is the main protein in fetal red
Male 50 14.5(0,47) -1.863 0.062 blood cells, accounting for approxi-
Female 51  2.2(0,55) mately 95% of total hemoglobin in

Differentiation type the middle and late trimesters of
Poorly differentiated NB 42 25.5 (5.0, 55.0) 84.195 0.000 pregnancy, and decreases to app-
Differentiating NB 16 8.5(1.0, 14.0) roximately 70% directly after birth.
GNBi 24 1.0(0.5.0) HB-F then gradually decrease_s to

' less than 10% of total hemoglobin by
GN 16 0.0(,10 the age of 4 months, and continues

Prognosis to decrease until it falls to the adult
Good 83 4.0(0,55) 3.674 0.000 level (<2%) and then stabilizes [37,
Poor 18 20 (5, 47) 38]. An elevated level of HB-F in the

MKI blood is a sign of hematologic dis-
Low 42 19.5(1,55) 0.836 0.658 ease or a malignant tumor [39].
Medium 14 22 (5, 43) Imm'unoh|stochem|cal staining has
High 5 20(11.3,42) confirmed that extravascular HB-F-

Remarks: HB-F, fetal hemoglobin; NB, neuroblastoma; GNBI, ganglioneu-
roblastoma intermixed; GN, ganglioneuroma; MKI, mitosis-Karyorrhexis

index.

Table 5. Group-group comparison of the
expression of fetal hemoglobin in peripheral
neuroblastic tumors according to the tissue
differentiation type

Standard Standard test

Group-group o statistics P

1-2 8.310 3.469 0.003**
1-3 7.238 7134 0.000**
1-4 8.310 7.516 0.000**
2-3 9.129 2.498 0.075
2-4 10.000 3.362 0.005**
3-4 9.129 1.186 1.000

Remarks: 1 shows poorly differentiated neuroblastoma,
2 shows differentiating neuroblastoma, 3 shows ganglio-
neuroblastoma intermixed, 4 shows ganglioneuroma,
*%<0.01.

was ineffective for treating both VM types, sug-
gesting that VM contributes to neuroblastoma
drug resistance. The second type of VM has
been confirmed in several studies [36]. We
confirmed the existence of the first type of VM
in pNTs by CD31/PAS double staining. To our
knowledge, this is the first study to confirm the
relationship between the number of VMs and
the histopathological type in natural pNTs. It
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positive aggregation also occurs in
some malignant solid tumors and
that the production of HB-F does not
originate from systemic blood circula-
tion [27]. Recently, Zhang et al. [40,
41] reported that cell lines of some tumors,
such as breast cancer and colorectal cancer,
can form polyploid giant cancer cells (PGCCs)
after in vitro induction. These PGCCs have the
characteristics of stem cell-like cells, can pro-
duce erythroid cells in vitro and in vivo, and
activate the expression of HB-F or embryonic
hemoglobin [41, 42]. HB-F is composed of glo-
bin (202y tetramer) and heme, with a y chain
instead of a B chain as in adult hemoglobin. The
chain structure of HB-F has a better affinity for
oxygen [43]. The activated expression of ery-
throid differentiation-related proteins can incre-
ase the ability of cells to obtain oxygen in a
hypoxic microenvironment, thereby promoting
tumor growth. PGCCs, their daughter cells, and
surrounding tumor cells can also form VM
structures around the erythroid cells that they
produce, which can connect endothelium-de-
pendent vessels to obtain sufficient blood and
oxygen to promote tumor growth, invasion, and
metastasis. This shows the importance of HB-F
in tumor growth. This study found that tumor
cells in pNTs had different levels of HB-F expres-
sion, and that the expression of HB-F increased
significantly as the level of tumor differentiation
decreased. The expression of HB-F was related
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Figure 3. A. The relationship between tumor differentiation and vasculogenic mimicry (VM) in peripheral neuro-
blastic tumors (pNTs) (1 shows undifferentiated neuroblastoma, 2 shows poorly differentiated neuroblastoma, 3
shows differentiating neuroblastoma, 4 shows ganglioneuroblastoma intermixed, 5 shows ganglioneuroma). B. The
relationship between tumor differentiation and fetal hemoglobin (HB-F) expression levels in pNTs (1 shows undif-
ferentiated neuroblastoma, 2 shows poorly differentiated neuroblastoma, 3 shows differentiating neuroblastoma,
4 shows ganglioneuroblastoma intermixed, 5 shows ganglioneuroma). C. The correlation between VM and HB-F

expression in 101 children with pNTs.

to prognosis, and a high level of HB-F expres-
sion was also a risk factor for poor prognosis.
There was a strong positive correlation bet-
ween HB-F expression and the number of VMs.
The HB-F-positive component was distributed
primarily in the parts of the tumor where the
hypoxia was more likely to be a problem (such
as the front of tumor invasion and around the
necrotic area or in the VM), which was similar to
the distribution area of VMs, suggesting that
there are similarities in the production mecha-
nism of HB-F and VM. Studies have confirmed
that in embryonic tumors, some erythrocytes
expressing HB-F are in mitosis, which may be
related to the primitive embryo-like characteris-
tics of the tumor. These tumor cells have stem
cell-like characteristics that can promote the
development of erythrocyte precursors or in-
duce HB-F biosynthesis through an unknown
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mechanism. Therefore, we hypothesize that
some neuroblasts in the pNTs may have stem
cell-like characteristics, and that under hypoxic
conditions, these cells produce erythrocytes
and express HB-F. Neuroblasts can form VM
around these erythrocytes to provide blood and
oxygen support to tumors to promote tumor
growth and metastasis. The specific mecha-
nism of VM and tumor cell expression of HB-F
in pNTs requires further experimental research.

Conclusion

In conclusion, to our knowledge, this is the first
study to confirm a relationship between VM,
HB-F expression, and the pNT pathological
type. The increase in the number of VMs and
expression of HB-F are related to the differen-
tiation type and prognosis of pNTs. Further
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studies of the mechanisms of pNTs may lead to
the discovery of new methods to improve tumor
prognosis and reduce drug resistance.
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