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Abstract

Background: Oral squamous cell carcinoma (OSCC) is the most prevalent malignant head and neck tumor, exclud-
ing the nonmelanoma skin cancer. Despite recent advances in the diagnosis and treatment, the disease's mortality
rate is nonetheless high. The presence of isolated neoplastic cells or small clusters of up to four cells at the tumor’s
invasive front, named tumor budding, is associated with a worse prognosis in OSCC. Angiogenesis has also been
recognized as a determining factor in the progression of malignancies and in the development of metastases.
Several studies have investigated the assessment of microvascular density (MVD) as a potential prognostic factor
in OSCC. This study aimed to evaluate, in OSCC, differences in MVD between tumors with high-intensity tu-
mor budding and tumors with low-intensity or no tumor budding. In samples with high-intensity tumor budding,
differences in MVD between the budding area and the area outside the budding were also evaluated. Moreover,
the study assessed differences in MVD concerning clinicopathological characteristics such as sex, age, tobacco
smoking, tumor location and tumor size.

Material and Methods: One hundred and fifty [150] samples of OSCC were subjected to immunohistochemistry to
assess the intensity of tumor budding (by immunostaining for multi-cytokeratin) and MVD (by immunostaining
for CD34 and CD105, independently). The data were treated using descriptive and analytical statistics.

Results: There were no differences in MVD, assessed by immunostaining for CD34 or CD105, concerning clinico-
pathological characteristics such as sex, age, tobacco smoking, tumor location and tumor size (p > 0.05). Tumors
with high-intensity tumor budding did not show differences in MVD, assessed by immunostaining for CD34 or
CDI105, when compared to tumors with low-intensity or no tumor budding (p > 0.05). However, in samples with
high-intensity tumor budding, the MVD assessed by immunostaining for CD34 was higher in the budding arca
than in the area outside the budding (p < 0.05). This difference was not observed when MVD was assessed by
immunostaining for CD105 (p > 0.05).
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Conclusions: The higher MVD in the budding area may be an additional indication that this is a peculiar region of
the tumor, associated with biological phenomena related to tumor progression.

Key words: Oral squamous cell carcinoma, tumor budding, microvascular density.

Introduction

Oral squamous cell carcinoma (OSCC) is the most
prevalent malignant head and neck tumor, excluding the
nonmelanoma skin cancer (1). Despite recent advances
in the diagnosis and treatment, the disease's mortality
rate is nonetheless high, with nearly 65% short-term
survival rate (2).

A fundamental feature of malignant neoplastic cells is
their capacity for local invasion and metastasis. One of
the morphological markers related to this ability, named
tumor budding, is characterized by the presence of iso-
lated neoplastic cells or small clusters of up to four cells
at the tumor invasive front. This phenomenon, consid-
ered a morphological expression of the epithelial-mes-
enchymal transition, has become increasingly relevant
in recent years due to its association with adverse clini-
cal and pathological characteristics. Tumor budding is
associated with aggressive tumor behavior and a worse
prognosis, being a predictor of lymphovascular invasion,
lymph node metastasis, and a lower survival rate (2-4).
Angiogenesis, characterized by the formation of new
blood vessels, is a fundamental biological phenomenon
in processes such as embryogenesis and wound healing.
It has also been recognized as a determining factor in
the progression of malignancies and in the development
of metastases. Several studies have investigated the as-
sessment of microvascular density (MVD), an indicator
of angiogenesis, as a potential prognostic factor in dif-
ferent tumors, including OSCC (5,6).

The aim of this study was to evaluate, in OSCC, dif-
ferences in MVD between tumors with high-intensity
tumor budding and tumors with low-intensity or no
tumor budding. In samples with high-intensity tumor
budding, differences in MVD between the budding area
and the area outside the budding were also evaluated.
Moreover, the study assessed differences in MVD con-
cerning clinicopathological characteristics such as sex,
age, tobacco smoking, tumor location and tumor size.

Material and Methods

- Sample selection

This study was approved by the Research Ethics Com-
mittee of PUC Minas (CAAE 74605417.0.0000.5137).
Firstly, we evaluated a total of 260 OSCC samples of the
Oral Pathology Laboratory at the PUC Minas School
of Dentistry. All of these samples were previously ob-
tained by incisional biopsy for diagnostic purposes,
having been fixed in 10% formaldehyde and processed
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according to routine procedures for inclusion in paraf-
fin. After the evaluation of these 260 samples, the fol-
lowing were eliminated: samples with scarce tumor
parenchyma, samples with tumor stroma considered
insufficient to assess MVD, and samples containing in-
sufficient material to provide new histological sections.
The final count was 150 OSCC samples.

- Clinicopathological data

Clinicopathological characteristics (sex, age, tobacco
smoking, tumor location and tumor size) of the 150
OSCC cases were obtained from the Anatomic Pathol-
ogy Requisition Form. Sex data were available in 150
cases, age data in 143 cases, tobacco smoking data in
106 cases, tumor location data in 150 cases and tumor
size data in 120 cases.

- Immunohistochemistry reactions

The immunohistochemistry technique was used to
identify 1) multi-cytokeratin AE1 / AE3 (used in the
evaluation of tumor budding by identifying neoplastic
epithelial cells); 2) CD34 protein (used to assess MVD);
and 3) CDI105 protein (used to assess MVD). Antigen
retrieval was performed using Trilogy (Cell Marque,
Rocklin, CA, USA). The following primary antibodies
were used: I) anti-multi-cytokeratin (cocktail of clones
AEl and AE3, diluted 1:50 [Biosystems, Newcastle,
UK]); II) anti-CD34 (clone QBEnd/10, diluted 1:200
[Medaysis, Livermore, CA, USA]); and III) anti-CD105
(endoglin) (clone EPR19911 —equivalent to clone EP274,
diluted 1:50; [Medaysis, Livermore, CA, USA]). The
amplification system used was the Reveal Biotin-Free
(Spring Bioscience, Pleasanton, CA, USA). As positive
controls, samples of pyogenic granuloma (for CD34 and
CD105) and fibrous hyperplasia (for multi-cytokeratin
AEl / AE3) were used. Negative control was deter-
mined by omission of the primary antibodies, as well
as by the use of monoclonal antibodies with the same
isotype and different specificity of the primary antibod-
ies employed in the study.

- Evaluation of tumor budding intensity

The evaluation of tumor budding intensity was per-
formed in the 150 samples submitted to the multi-cyto-
keratin immunostaining (used to identify OSCC cells),
as suggested by Ledo et al. (7). This assessment was
made by one experienced examiner (MCRH), using an
Olympus BX51 optical microscope with x10 ocular lens
and field number 22 (Olympus Optical, Tokyo, Japan).
The evaluation was carried out in a single x200 power
field, following the criteria proposed by Wang et al. (3).
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Tumor budding was defined as the presence of isolated
neoplastic cells or small clusters of up to four cells at the
tumor invasive front. Samples were initially evaluated
using the lowest power objective lens to select the ar-
eas with the highest intensity of tumor budding. Subse-
quently, using a x20 objective lens, the number of tumor
buds (number of isolated neoplastic cells or small clus-
ters of up to four cells) was counted in one single elected
x200 power field (the field showing the highest number
of tumor buds). The samples were then classified into
I) tumors with high-intensity tumor budding, that is,
tumors showing five or more tumor buds in one x200
power field (Fig. 1); IT) tumors with low-intensity or no
tumor budding, that is, tumors showing fewer than five
tumor buds or no tumor bud in one x200 power field.

S g e, o Y e SO A ar ]
Fig. 1: A and B) Oral squamous cell carcinoma (OSCC) show-
ing high-intensity tumor budding (multi-cytokeratin immunos-
taining; A: 100x; B: 200x); C) Microvessels immunostained for
CD34 in OSCC with low-intensity or no tumor budding (CD34
immunostaining, 200x); D) Microvessels immunostained for
CD34 in the budding area of OSCC showing high-intensity
tumor budding (CD34 immunostaining, 200x); E) Microves-
sels immunostained for CD34 in the area outside the budding
of OSCC showing high-intensity tumor budding (CD34 immu-
nostaining, 200x); F) Microvessels immunostained for CD105
in OSCC showing low-intensity or no tumor budding (CD105
immunostaining, 200x); G) Microvessels immunostained for
CD105 in the budding area of OSCC showing high-intensity
tumor budding (CD105 immunostaining, 200x); H) Microves-
sels immunostained for CD105 in the area outside the budding
of OSCC showing high-intensity tumor budding (CD105 im-

munostaining, 200x).
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The intra-examiner agreement for assessing the inten-
sity of tumor budding was calculated using Cohen's
kappa. For this analysis, the examiner performed es-
timations on 40 samples, each two times: T1 (initial
evaluation) and T2 (30 days later). The value obtained
for kappa was 0.95 (95% CI: 0.85 to 1.04), which is an
excellent agreement according to the criteria of Cic-
chetti and Sparrow (8). The concordance analysis was
performed by the StatsToDo statistical program at the
website www.statstodo.com (StatsToDo Trading, Bris-
bane, QLD, Australia).

- Evaluation of MVD

MVD was independently evaluated in samples submit-
ted to immunostaining for CD34 and CDI105.

This evaluation was performed by one experienced ex-
aminer (EMA), using the ImageJ software (National In-
stitutes of Health, Bethesda, MD, USA), with images cap-
tured by a digital camera attached to an Olympus BX51
optical microscope (Olympus Optical, Tokyo, Japan).
In tumors with high-intensity tumor budding, the evalu-
ation of MVD was carried out in two distinct areas: I)
the tumor budding area — one single x200 power field
showing the highest intensity of tumor budding and II)
the area outside the tumor budding — one single x200
power field, outside the budding area, showing the
highest MVD. In tumors with low-intensity or no tumor
budding, this evaluation was carried out in one single
x200 power field showing the highest MVD.

The following were considered as a single countable
microvessel: 1) one vessel lumen lined by an immunos-
tained endothelium; 2) one immunostained endothelial
cell; or 3) one cluster of immunostained endothelial
cells clearly separated from adjacent clusters. Visible
lumen or the presence of red blood cells in the lumen
were not considered as criteria to define a countable mi-
crovessel (9).

Afterward, the variable MV D was generated as follows:
MVD = number of microvessels in a x200 power field.

The intra-examiner agreement for the evaluation of
MVD was calculated by the intraclass correlation
coefficient (ICC), independently assessed for MVD
by CD34 and CDI105. For this analysis, the examiner
performed estimations on 50 samples at two separate
times, T1 (initial evaluation) and T2 (30 days later).
The values obtained for the ICC were 0.97 assessed by
CD34 immunostaining and 0.92 assessed by CD105 im-
munostaining, respectively. These represent an excel-
lent agreement according to the criteria of Cicchetti and
Sparrow (8). The concordance analysis was performed
by the StatsToDo statistical program (StatsToDo Trad-
ing, Brisbane, QLD, Australia).

- Statistical analysis

The D’Agostino—Pearson normality test demonstrated
that MVD data showed a non-normal distribution. The
Mann—Whitney test was then used to assess differences
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in MVD, independently for CD34 and CD105, between
tumors with high-intensity tumor budding and tumors
with low-intensity or no tumor budding. In tumors with
high-intensity tumor budding, the Wilcoxon test was
performed to assess differences in MVD between the
budding area and the area outside the budding, indepen-
dently for CD34 and CD105. The Mann—Whitney test as
well as the Kruskal-Wallis test followed by the Dunn’s
multiple comparisons test were used to assess differ-
ences in MVD, independently for CD34 and CDI105,
concerning clinicopathological characteristics (sex,
age, tobacco smoking, tumor location and tumor size).
The level of significance was set at 5%. Analyses were
performed using GraphPad Prism software (San Diego,
CA, USA). The study design and the statistical analyses
are demonstrated in Fig. 2.

Microvascular density and tumor budding in OSCC

Results

One hundred and fifty (150) samples of OSCC were
evaluated. The Table 1 shows the clinicopathological
characteristics of the OSCC cases, such as sex, age, to-
bacco smoking, tumor location and tumor size. In regard
to sex (data available in 150 cases), the sample consisted
of 116 men (77.3%) and 34 women (22.7%). The mean
and standard deviation of the age of the patients (data
available in 143 cases) were 58.90 + 13.14 years (the
minimum age was 30 years, and the maximum age was
94 years). In relation to tobacco smoking (data available
in 106 cases), there were 61 (57.5%) current smokers,
23 (21.7%) former smokers and 22 (20.8%) never smok-
ers. Tumors from different anatomical locations were
evaluated (data available in 150 cases): tongue (n=64;
42.7%), floor of the mouth (n=24; 16.0%), alveolar ridge

150 OSCC samples

l

l

CD34 immunostaining
CD105 immunostaining

Multi-cytokeratin
immunostaining

l

l

Evaluation of
MVD

tumor budding intensity

Evaluation of

%4

Low-intensity or no tumor
budding

/

MVD

High-intensity tumor
budding

\

arca

Tumor budding

MVD

Area outside the
tumor budding

Fig. 2: Study design and statistical analyses. The Mann—Whitney test was used to assess differences in MVD between
tumors with high-intensity tumor budding and tumors with low-intensity or no tumor budding. In tumors with high-
intensity tumor budding, the Wilcoxon test was performed to evaluate differences in MVD between the budding area and
the area outside the budding. Note: OSCC: oral squamous cell carcinoma; MVD: microvascular density.
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(n=19; 12.7%), lip (n=17; 11.3%) and other locations
(n=26; 17.3%). Finally, the tumor size (data available in
120 cases) was categorized as <2 cm in 54 cases (45%),
as > 2 and <4 cm in 43 cases (35.8%) and as > 4 cm in
23 cases (19.2%).

There were no differences in MVD (assessed by CD34
immunostaining or by CDI105 immunostaining) con-
cerning clinicopathological characteristics such as sex,
age, tobacco smoking, tumor location and tumor size (p
> (.05; Table 1).

The evaluation of tumor budding of the 150 OSCC
samples revealed that 83 samples (55.4%) showed high-

Microvascular density and tumor budding in OSCC

intensity tumor budding (Fig. 1), whereas 67 samples
(44.6%) showed low-intensity or no tumor budding.

There was no difference in MVD (assessed by CD34 im-
munostaining or by CD105 immunostaining) between
tumors with high-intensity tumor budding and tumors
with low-intensity or no tumor budding (p > 0.05; Tables
2 and 3; Fig. 1). However, in tumors with high-intensity
tumor budding, the MVD assessed by CD34 immunos-
taining was higher in the budding area than in the area
outside the budding (p < 0.05; Table 2; Fig. 1). This dif-
ference was not observed when the MVD was assessed
by CDI105 immunostaining (p > 0.05; Table 3; Fig. 1).

Table 1: Clinicopathological characteristics of the oral squamous cell carcinoma (OSCC) cases and evaluation of differences in microvascular
density (MVD) concerning sex, age, tobacco smoking, tumor location and tumor size. The MVD was independently evaluated by immunostain-
ing for CD34 and CD105. The MVD data was expressed using median (minimum value — maximum value).

Parameter n % MYVD (CD34) MVD (CD105)
Male 116 77.3% 47.50 (16.00 — 132.0) 26.00 (9.00 — 102.0)
(nii’;_‘o) Female 34 22.7% 43.00 (18.00 — 127.0) 25.50 (6.00 — 74.00)
p—value! n.s. n.s.
Parameter n % MVD (CD34) MVD (CD105)
<60 80 55.9% 44.00 (16.00 — 132.0) 25.50 (9.00 — 102.0)
A%elg:;‘)r 9 > 60 63 44.1% 49.00 (18.00 — 127.0) 26.00 (6.00 — 75.00)
p—value? n.s. n.s.
Parameter n % MVD (CD34) MVD (CD105)
Current 61 57.5% 46.00 (16.00 — 132.0) 26.00 (10.00 — 102.0)
;f;gifz‘; Former 23 21.7% 50.00 (30.00 — 80.00) 34.00 (10.00 — 68.00)
(n=106) Never 22 20.8% 48.00 (25.00 — 127.0) 23.00 (6.00 — 66.00)
p-value® n.s. n.s.
Parameter n % MVD (CD34) MVD (CD105)
Tongue 64 42.7% 43.00 (18.00 — 127.0) 24.00 (6.00 — 69.00)
Floor of the mouth 24 16.0% 49.00 (17.00 — 79.00) 25.50 (10.00 — 68.00)
IOTC‘:zz;ﬁ Alveolar ridge 19 12.7% 51.00 (19.00 — 119.0) 28.00 (10.00 — 75.00)
(n=150) Lip 17 11.3% 53.00 (31.00 — 118.0) 25.00 (10.00 — 55.00)
Other locations 26 17.3% 50.00 (16.00 — 132.0) 31.00 (14.00 — 102.0)
p—value* n.s. n.s.
Parameter n % MVD (CD34) MVD (CD105)
<2 54 45% 43.50 (18.00 — 99.00) 29.50 (6.00 — 74.00)
Tumor size >2and < 4 43 35.8% 48.00 (16.00 — 127.0) 25.00 (10.00 — 62.00)
(H(EE)O) >4 23 19.2% 48.00 (17.00 — 119.0) 25.00 (13.00 — 75.00)
p—value® n.s. n.s.

! p—value obtained by the Mann—Whitney test: male vs. female.

2 p—value obtained by the Mann—Whitney test: < 60 years vs. > 60 years.

3 p—value obtained by the Kruskal-Wallis test followed by the Dunn’s multiple comparisons test: current tobacco smoking vs. former tobacco

smoking vs. never tobacco smoking.

* p—value obtained by the Kruskal-Wallis test followed by the Dunn’s multiple comparisons test: tongue vs. floor of the mouth vs. alveolar ridge

vs. lip vs. other locations.

3 p—value obtained by the Kruskal-Wallis test followed by the Dunn’s multiple comparisons test: <2 cm vs. > 2 and <4 cm vs. > 4 cm.
© Some tumors affected multiple locations. In these cases, only the main location was considered for this analysis.

Note 1: Sex data were available in 150 cases, age data in 143 cases, tobacco smoking data in 106 cases, tumor location data in 150 cases and

tumor size data in 120 cases.
Note 2: n.s. = not significant (p > 0.05).

el78




Med Oral Patol Oral Cir Bucal. 2023 Mar 1;28 (2):e174-82.

Microvascular density and tumor budding in OSCC

Table 2: Data and comparisons of microvascular density (MVD) in oral squamous cell carcinoma (OSCC) (assessed by immunostaining for

CD34).
Low-intensity or no tumor budding High-intensity tumor budding' p—value?
n=67) (n=83)
Min p25 p50 p75 Max Min p25 p50 p75 Max n.s
16.00 33.00 47.00 61.00 132.0 17.00 34.00 47.00 60.00 127.0
Tumor budding area Area outside the tumor budding p-value®
(n=83) (n=83)
Min p25 p50 p75 Max Min p25 p50 p75 Max <0.05
9.00 30.00 43.00 54.00 127.0 7.00 25.00 32.00 48.00 99.00

! The highest value of MVD of each sample was used in this evaluation (accessed in the tumor budding area or in the area outside the tumor

buding).

2 p—value obtained by the Mann—Whitney test: tumors with low-intensity or no tumor budding vs. tumors with high-intensity tumor budding.
3 p—value obtained by the Wilcoxon test: tumor budding area vs. area outside the tumor budding.
Note: Min = minimum value; p25 = 25th percentile; p5S0 = 50th percentile (median); p75 = 75th percentile; Max = maximum value; n.s. = not

significant (p > 0.05).

Table 3: Data and comparisons of microvascular density (MVD) in oral squamous cell carcinoma (OSCC) (assessed by immunostaining for

CDI105).
Low-intensity or no tumor budding High-intensity tumor budding' p—value?
(n=67) (n=83)
Min p25 p50 p75 Max Min p25 p50 p75 Max n.s
9.00 21.00 26.00 34.00 102.0 6.00 20.00 26.00 37.00 75.00
Tumor budding area Area outside the tumor budding p-value?
(n=83) (n=83)
Min p25 p50 p75 Max Min p25 p50 p75 Max n.s
5.00 13.00 22.00 31.00 75.00 6.00 17.00 22.00 29.00 69.00

! The highest value of MVD of each sample was used in this evaluation (accessed in the tumor budding area or in the area outside the tumor

buding).

2 p—value obtained by the Mann—Whitney test: tumors with low-intensity or no tumor budding vs. tumors with high-intensity tumor budding.
3 p—value obtained by the Wilcoxon test: tumor budding area vs. area outside the tumor budding.
Note: Min = minimum value; p25 = 25th percentile; p5S0 = 50th percentile (median); p75 = 75th percentile; Max = maximum value; n.s = not

significant (p > 0.05).

Discussion

OSCC, a tumor with high rates of metastasis, shows
a complex and abundantly vascularized stroma. The
study of biomarkers such as MVD and tumor budding
increases the knowledge concerning the biological be-
havior of this tumor, with prognostic and therapeutic
implications.

The evaluation of MVD has been applied in the prog-
nostic prediction of several human tumors, with vari-
able results. Specific endothelial antibodies, such as an-
ti-CD105 and anti-CD34, appear to be more accurate for
this purpose. Endoglobin (CD105) and CD34 have been
associated with the proliferation of endothelial cells and
are considered important markers of neovascularization
in solid malignant tumors (5,6,10-13).

The present study showed no difference in MVD in
OSCC, assessed by both CD34 and CD105 immunos-
taining, between tumors with high-intensity tumor bud-
ding and tumors with low-intensity or no tumor bud-
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ding. To the best of our knowledge, there are no studies
in the English literature evaluating association between
angiogenesis and tumor budding. Our results could in-
dicate that, even though both of these parameters are
prognostic factors in OSCC, they are not necessarily re-
lated. Despite the absence of studies considering tumor
budding and angiogenesis, several authors have evalu-
ated MVD (through immunostaining for CD34 and
CD105) and clinical-pathological parameters of tumor
aggressiveness. Some studies have evaluated MVD in
OSCC and observed no differences in this parameter
between well, moderately and poorly differentiated tu-
mors (11). Nevertheless, other studies have shown that
the MVD in OSCC was higher in less differentiated
tumors (13). Shao et al. (14) demonstrated an associa-
tion between higher MVD in OSCC and lower survival.
However, Toyoda ef al. (15) demonstrated that MVD in
OSCC is not related to survival. Miyahara et al. (16)
observed that the MVD in OSCC was higher in tumors
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with regional metastases and a more infiltrative histo-
logical invasion pattern. Nevertheless, these authors
showed no difference in MVD between well, moderate-
ly and poorly differentiated tumors. Chuang et al. (17)
observed that MVD in OSCC was positively associated
with tumor stage (TNM), regional metastases, tumor
necrosis, tumor thickness, and perineural invasion. De
Sousa et al. (18) demonstrated that the proliferation of
microvessels, immunostained for CD105, increases the
occurrence of regional metastases in OSCC.

In our study, in tumors with high-intensity tumor bud-
ding, the MVD (assessed by CD34 immunostaining)
was higher in the budding area than in the area outside
the budding. This result may be another indication that
the invasive front and, specifically, the area of tumor
budding, is a peculiar region of the tumor, associated
with biological phenomena related to tumor progression.
One of the most promising findings in OSCC histologi-
cal grading was the recognition of the importance of the
characteristics of the deepest and most invasive areas of
the tumor—named as the invasive front—in determin-
ing its biological aggressiveness. An increasing amount
of evidence supports the hypothesis that morphologi-
cal and molecular characteristics of the tumor invasive
front are of great importance for the prognosis of OSCC
(19). In this context, and in line with these results, our
research group has already demonstrated that the tu-
mor budding area, when compared to the area outside
the budding, has a higher rate of cell proliferation (20)
and a higher expression of cancer stem cell-like marker
ALDHI (21), reinforcing the hypothesis that tumor bud-
ding is a phenomenon associated with the biological be-
havior of the OSCC, especially that related with tumor
progression and metastasis.

Epithelial-mesenchymal transition (EMT) is a dynamic
multi-stage cellular phenomenon in which epithelial
cells lose their cell—cell adhesion and gain migratory and
invasive characteristics typical of mesenchymal cells.
Activation of EMT is considered an important marker
of the process of local invasion and metastasis of ma-
lignant tumors. EMT involves the loss of the epithelial
marker E-cadherin (a key cell-cell adhesion molecule
in epithelial cells) and an increase in the levels of one
or more mesenchymal markers, such as vimentin (4,22).
Tumor budding is considered the morphological expres-
sion of EMT (4,23), representing two essential proper-
ties for local invasion and metastasis of malignant neo-
plasms, namely loss of cell cohesion and active invasive
movement (3,24,25). In this context, several studies have
shown a positive association between high-intensity tu-
mor budding and worse prognosis in OSCC (2,24,26). It
is worth noting that the evaluation of tumor budding in
OSCC through immunostaining for multi-cytokeratin,
a method performed in the present study, is supported
by the literature. In fact, a recent study published by our
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research group showed that immunostaining for multi-
cytokeratin for tumor budding evaluation has higher
reproducibility, higher repeatability, and less difficulty
than hematoxylin and eosin staining (7).

As opposed to what was observed when CD34 immu-
nostaining was employed, in tumors with high-intensity
tumor budding, we did not observe differences in MVD,
assessed by CD105 immunostaining, between the bud-
ding area and the area outside the budding. There are di-
vergences in the literature on the ideal blood microves-
sel marker. CD34 is a good indicator of the maturation
of immature vessels, being expressed in all proliferating
or not endothelial cells. CD105 is expressed exclusively
in proliferating endothelial cells (10,12). Markers such
as CD34 are pan-endothelial and expressed in vessels
of normal and neoplastic tissue. CD105 is a marker of
endothelial cells expressed in the process of tumor an-
giogenesis but scarce or absent in normal tissues. Cur-
rently, CD105 has been suggested as an important and
specific marker to determine angiogenesis and its role in
determining the prognosis of OSCC. It is suggested that
CD105 is an angiogenic marker induced by hypoxia and
is therefore expressed especially in solid tumors where
this biological phenomenon is relevant (27). Still in this
context, CD34 has been considered by some authors as
a superior angiogenic marker when compared to other
markers, generating better technical results, with less
background, which would facilitate the evaluation of
the immunohistochemistry reaction (6). This discussion
could explain the divergent results of MVD observed in
the present study.

Finally, no differences in MVD (assessed by CD34 im-
munostaining or by CD105 immunostaining) were ob-
served concerning clinicopathological characteristics
such as sex, age, tobacco smoking, tumor location and
tumor size, suggesting that MVD in OSCC is not influ-
enced by these parameters.

Our study has some limitations. First, some clinical
data is missing such as staging and patient survival.
Second, it contains no evaluation of other morphologi-
cal markers that may have an impact on prognosis, in-
cluding histological differentiation, tumor thickness,
invasion pattern, depth of invasion, or lymphovascular
invasion. Third, the study used OSCC samples from
different anatomical locations, associated with different
etiopathogeneses.

The use of incisional biopsy samples could, in prin-
ciple, be considered another limitation of our study,
since the areas with high-intensity tumor budding are
not necessarily included in samples collected by inci-
sional biopsy. However, several studies have demon-
strated the viability of using incisional biopsies for the
evaluation of tumor budding in OSCC. Almangush et
al. (28) showed that the tumor budding scores of pre-
operative OSCC biopsies were statistically associated
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with the scores of postoperative tumor resection sam-
ples. Seki et al. (29) showed that the evaluation of tumor
budding in samples of incisional biopsy of OSCC is an
independent prognostic factor, recommending that the
evaluation of tumor budding in preoperative incisional
biopsies of OSCC should be considered in routine his-
tological evaluations as a new criterion for the decision
to perform prophylactic neck dissection. It should also
be noted that several studies on the evaluation of tumor
budding in OSCC have been carried out adequately in
samples of incisional biopsy (7,20,21,29).

In this context, a very important topic must be high-
lighted. The future use of tumor budding assessment as
a determinant indicator of the need for prophylactic neck
dissection necessarily involves the analysis of preopera-
tive samples obtained through incisional biopsy. These
considerations are in line with the results of the system-
atic review recently published by Almangush et al. (30),
which observed a strong association between the tumor
budding score in diagnostic incisional biopsies and the
corresponding surgical samples (obtained later by total
tumor resection). Moreover, according to these authors,
the evaluation of tumor budding using samples obtained
by incisional biopsies showed prognostic value for both
regional metastases and patient survival.

In conclusion, our study demonstrated no differences
in MVD, assessed by both CD34 and CDI105 immu-
nostaining, in OSCC with high-intensity tumor bud-
ding when compared to tumors with low intensity or
no tumor budding. Nevertheless, in samples with high-
intensity tumor budding, the MVD assessed by CD34
immunostaining was higher in the budding area than
in the area outside the budding. This difference was not
observed when MVD was assessed by CD105 immu-
nostaining. The higher MVD in the budding area may
be an additional indication that this is a peculiar region
of the tumor, associated with biological phenomena re-
lated to tumor progression.

References

1. Chi AC, Day TA, Neville BW. Oral cavity and oropharyngeal squa-
mous cell carcinoma--an update. CA Cancer J Clin. 2015;65:401-21
2. Togni L, Caponio VCA, Zerman N, Troiano G, Zhurakivska K,
Lo Muzio L, et al. The Emerging Impact of Tumor Budding in Oral
Squamous Cell Carcinoma: Main Issues and Clinical Relevance of a
New Prognostic Marker. Cancers (Basel). 2022;14:3571.

3. Wang C, Huang H, Huang Z, Wang A, Chen X, Huang L, et al.
Tumor budding correlates with poor prognosis and epithelial-mesen-
chymal transition in tongue squamous cell carcinoma. J Oral Pathol
Med. 2011;40:545-51.

4. Mikitie AA, Almangush A, Rodrigo JP, Ferlito A, Leivo I. Hall-
marks of cancer: Tumor budding as a sign of invasion and metastasis
in head and neck cancer. Head Neck. 2019;41:3712-18.

5. Bielenberg DR, Zetter BR. The Contribution of Angiogenesis to
the Process of Metastasis. Cancer J. 2015;21:267-73.

6. Almahmoudi R, Kasanen M, Sievildinen M, Salem A, Pirinen M,
Salo T, et al. Prognostic value of blood and lymphatic vessel markers
in tongue cancer: A systematic review. Cancer Sci. 2019;110:3424-33.
7. Ledo PLR, Marangon Junior H, Melo VVM, Caixeta AB, Souza

el81

Microvascular density and tumor budding in OSCC

PEA, de Aguiar MCF, et al. Reproducibility, repeatability, and level
of difficulty of two methods for tumor budding evaluation in oral
squamous cell carcinoma. J Oral Pathol Med. 2017;46:949-55.

8. Cicchetti DV, Sparrow SA. Developing criteria for establishing
interrater reliability of specific items: Applications to assessment of
adaptive behavior. Am J Ment Defic. 1981;86:127-37.

9.Lin NN, Wang P, Zhao D, Zhang FJ, Yang K, Chen R. Significance
of oral cancer-associated fibroblasts in angiogenesis, lymphangio-
genesis, and tumor invasion in oral squamous cell carcinoma. J Oral
Pathol Med. 2017;46:21-30.

10. Ho JW, Poon RT, Sun CK, Xue WC, Fan ST. Clinicopathologi-
cal and prognostic implications of endoglin (CD105) expression in
hepatocellular carcinoma and its adjacent non-tumorous liver. World
J Gastroenterol. 2005;11:176-81.

11. Ingaleshwar PS, Pandit S, Desai D, Redder CP, Shetty AS, Mit-
hun KM. Immunohistochemical analysis of angiogenesis by CD34
and mast cells by toluidine blue in different grades of oral squamous
cell carcinoma. J Oral Maxillofac Pathol. 2016;20:467-73.

12. Szafarowski T, Sierdzinski J, Szczepanski MJ, Whiteside TL,
Ludwig N, Krzeski A. Microvessel density in head and neck squa-
mous cell carcinoma. Eur Arch Otorhinolaryngol. 2018;275:1845-51.
13. Kathuriya PT, Bartake AR, Palaskar SJ, Narang BR, Patil SS,
Pawar RB. CD34 and mast cell analysis in normal oral mucosa and
different grades of oral squamous cell carcinoma: a comparative
study. J Clin Diagn Res. 2015;9:ZC61-4.

14. Shao Z, Zhang WF, Chen XM, Shang ZJ. Expression of EphA2
and VEGF in squamous cell carcinoma of the tongue: correlation with
the angiogenesis and clinical outcome. Oral Oncol. 2008;44:1110-7.
15. Toyoda M, Kaira K, Ohshima Y, Ishioka NS, Shino M, Sakakura
K, et al. Prognostic significance of amino-acid transporter expres-
sion (LAT1, ASCT2, and xCT) in surgically resected tongue cancer.
Br J Cancer. 2014;110:2506-13.

16. Miyahara M, Tanuma J, Sugihara K, Semba I. Tumor lym-
phangiogenesis correlates with lymph node metastasis and clini-
copathologic parameters in oral squamous cell carcinoma. Cancer.
2007;110:1287-94.

17. Chuang HC, Su CY, Huang HY, Chien CY, Chen CM, Huang CC.
High expression of CD105 as a prognostic predictor of early tongue
cancer. Laryngoscope. 2006;116:1175-9.

18. De Sousa SF, Gleber-Netto FO, de Oliveira-Neto HH, Batista AC,
Nogueira Guimaraes Abreu MH, de Aguiar MC. Lymphangiogen-
esis and podoplanin expression in oral squamous cell carcinoma and
the associated lymph nodes. Appl Immunohistochem Mol Morphol.
2012;20:588-94.

19. Bankfalvi A, Piffko J. Prognostic and predictive factors in oral
cancer: the role of the invasive tumour front. J Oral Pathol Med.
2000;29:291-8.

20. Marangon Junior H, Ledo PLR, Melo VVM, Caixeta AB, Souza
PEA, de Aguiar MCF, et al. Cell proliferation is associated with in-
tensity of tumor budding in oral squamous cell carcinoma. J Oral
Pathol Med. 2018;47:128-35.

21. Marangon Junior H, Melo VVM, Caixeta AB, Souto GR, Souza
PEA, de Aguiar MCF, et al. Immunolocalization of cancer stem cells
marker aldhl and its association with tumor budding in oral squa-
mous cell carcinoma. Head Neck Pathol. 2019;13:535-42.

22. Kalluri R, Weinberg RA. The basics of epithelial-mesenchymal
transition. J Clin Invest. 2009;119:1420-8.

23. Grigore AD, Jolly MK, Jia D, Farach-Carson MC, Levine
H. Tumor budding: the name is EMT. Partial EMT. J Clin Med.
2016;29:E51.

24. Almangush A, Bello 10, Keski-Santti H, Mékinen LK, Kauppila
JH, Pukkila M, et al. Depth of invasion, tumor budding, and worst
pattern of invasion: Prognostic indicators in early-stage oral tongue
cancer. Head Neck. 2014;36:811-8.

25. Yamakawa N, Kirita T, Umeda M, Yanamoto S, Ota Y, Otsuru
M, et al. Tumor budding and adjacent tissue at the invasive front
correlate with delayed neck metastasis in clinical early-stage tongue
squamous cell carcinoma. J Surg Oncol. 2019;119:370-8.

26. Almangush A, Pirinen M, Heikkinen I, Mikitie AA, Salo T,



Med Oral Patol Oral Cir Bucal. 2023 Mar 1;28 (2):e174-82.

Leivo I. Tumour budding in oral squamous cell carcinoma: a meta-
analysis. Br J Cancer. 2018;118:577-86.

27. Pammar C, Nayak RS, Kotrashetti VS, Hosmani J. Comparison
of microvessel density using CD34 and CDI05 in oral submucous
fibrosis and its correlation with clinicopathological features: An im-
munohistochemical study. J Cancer Res Ther. 2018;14:983-8.

28. Almangush A, Leivo I, Siponen M, Sundquist E, Mroueh R,
Mikitie AA, et al. Evaluation of the budding and depth of inva-
sion (BD) model in oral tongue cancer biopsies. Virchows Arch.
2018;472:231-6.

29. Seki M, Sano T, Yokoo S, Oyama T. Histologic assessment of
tumor budding in preoperative biopsies to predict nodal metastasis in
squamous cell carcinoma of the tongue and floor of the mouth. Head
Neck. 2016;38:E1582-90.

30. Almangush A, Youssef O, Pirinen M, Sundstrom J, Leivo I,
Mikitie AA. Does evaluation of tumour budding in diagnostic biop-
sies have a clinical relevance? A systematic review. Histopathology.
2019;74:536-44.

Funding

This study was supported by grants from Conselho Nacional de
Desenvolvimento Cientifico e Tecnologico — Brasil (CNPq 437861
/ 2018-0), Fundagdo de Amparo a Pesquisa do Estado de Minas
Gerais — Brasil (FAPEMIG APQ-01055-18), and Fundo de Incentivo

el82

Microvascular density and tumor budding in OSCC

a Pesquisa da PUC Minas — Brasil (FIP-2018/1179). This study was
financed in part by the Coordenagdo de Aperfeigoamento de Pes-
soal de Nivel Superior — Brasil (CAPES) - Finance Code 001. MCRH
was a research fellow of FAPEMIG (CDS-PPM-00653-16). MR had
a CNPq scholarship (PIBIC / CNPq 22187 - 2018).

Conflict of interest
None to declare.

Ethics
This study was approved by the Research Ethics Committee of PUC
Minas (CAAE 74605417.0.0000.5137).

Authors contributions

Eliene Magda de Assis: Conceptualization; Data Curation; In-
vestigation; Supervision; Visualization; Writing - Original Draft.
Mayara Rodrigues: Conceptualization; Investigation. Jéssica Cam-
pos Vieira: Conceptualization; Investigation. Maria Inés Mantuani
Pascoaloti: Data Curation; Investigation. Helvécio Marangon Junior:
Conceptualization; Writing - Review and Editing. Giovanna Ribeiro
Souto: Conceptualization; Writing - Review and Editing. Paulo Edu-
ardo Alencar Souza: Conceptualization; Writing - Review and Edit-
ing. Martinho Campolina Rebello Horta: Conceptualization; Formal
analysis; Funding acquisition; Project administration; Supervision;
Writing - Review and Editing.



