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Background: Investigations into identifying novel immunohistochemical indicators are on the rise, aiming to elucidate tumor
characteristics better. Therefore, this study examined the expression and distribution characteristics of nestin within the pleo-
morphic adenoma (PA) stromal component, and explored the potential mechanism underlying its formation, providing a com-
prehensive understanding of nestin’s role as an immunohistochemical indicator.

Methods: This retrospective study included 51 patients diagnosed with PA of the parotid glands. The expression levels in the
stromal component were assessed in patients’ tissue specimens using immunostaining. Combined with computed tomography
(CT) image analysis, the chi-square test, paired-sample #-test, Pearson’s correlation coefficient, and principal component analysis
(PCA) were used to explore the potential relationship between nestin expression characteristics and tumor parameters.

Results: Nestin was diffusely expressed in PA sections.
pseudopod-like protrusions appeared in “loose” and “reticular” patterns. These patterns were visualized through immuno-
histochemical staining, and the images were semi-quantitatively analyzed using ImageJ software. The two cellular arrangements
showed statistical differences in the histomorphology of the stromal component, particularly between the “mucus-rich” and “cell-
rich” (p < 0.05). CT imaging combined with Principal Component Analysis (PCA) revealed that the key factors affecting these
two histomorphology types of stromal components were tumor area and CT value.

Conclusions: The formation of stromal components in PA is associated with changes in pseudopod-like cellular protrusions
under different microenvironments. The tumor microenvironment and adjacent host tissue likely play a role in the development
of PA. Furthermore, the “mucus-rich” structure tends to be more frequent in larger tumors. Nestin expression may contribute to
maintaining the benign nature of PA, despite the stromal component being invasive. These results highlight the potential of nestin
as an immunohistochemical marker, strongly associated with the formation and structural organization of stromal components.

The cellular arrangement in stromal components resulting from
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Introduction tions, including glioblastomas, melanomas, and pancreatic
carcinomas, indicating its role as a marker of cellular plas-

ticity and structural remodeling during tumor progression

The investigation of tumorigenic mechanisms has
increasingly emphasized the importance of identify-
ing immunohistochemical markers that reflect both the
histopathological characteristics and the biological behav-
ior of neoplastic tissues. Among these, intermediate fila-
ment proteins have gained significant attention due to their
essential roles in maintaining cellular integrity and modu-
lating dynamic processes such as proliferation, differenti-
ation, and migration. Nestin, a class VI intermediate fila-
ment protein, was initially identified as a marker of neural
stem cells but is now widely recognized for its expression
in various progenitor cells and tumor cells. It has been asso-
ciated with enhanced proliferative activity, elevated migra-
tory potential, and greater invasiveness in malignant condi-

[1-3].

Nestin, due to its crucial role in cytoskeletal dynam-
ics and cell motility, emerges as a promising candidate
for identifying dynamic cellular features within the myx-
oid component. Although previous studies have reported
nestin expression in pleomorphic adenoma (PA) tissues
[4], comprehensive investigations evaluating its distribu-
tion within the myxoid component and its association with
specific morphological patterns remain limited. In routine
histopathological practice, precisely identifying myxoid-
rich areas can be challenging, especially when biopsy mate-
rial is limited or when features overlap with other salivary
gland neoplasms. Using nestin as a reliable immunohis-
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tochemical marker could significantly enhance diagnostic
precision, especially in cases where conventional histolog-
ical assessment provides limited clarity. Furthermore, the
capacity of nestin to highlight cytoplasmic protrusions and
indicate cell motility may provide promising insights into
tumor structure and progression.

Despite nestin’s well-documented role in malignan-
cies, its expression and functional significance in benign
tumors remain relatively underexplored. Pleomorphic ade-
noma, the most frequent benign neoplasm of the salivary
glands, particularly the parotid, demonstrates significant
histological diversity. It includes epithelial, myoepithelial,
and mesenchymal-like stromal elements, often presenting
myxoid, chondroid, or hyaline areas. This complex archi-
tecture indicates the tumor’s biological heterogeneity and
may partially explain its locally invasive behavior and the
risk of recurrence following surgical excision [5].

Within the histological spectrum of pleomorphic ade-
noma, the stromal component has garnered significant at-
tention due to its distinct extracellular matrix (ECM) com-
position and its association with cellular pseudopod-like ex-
tensions, which may facilitate local infiltration. Research
has suggested that pleomorphic adenomas exhibit prolif-
erative characteristics resembling those of borderline tu-
mors, given their potential for recurrence and rare malig-
nant transformation [6]. However, these features do not
recognize PA as a borderline tumor similar to those found
in other organ systems. Moreover, the heterogeneity of the
stromal components suggests that distinct biological mech-
anisms may drive the development of each tissue subtype,
contributing to variable tumor behavior [7]. Specifically,
the myxoid areas are suggested to create microenviron-
ments permissive to cellular migration due to their distinct
ECM composition, making the molecular characterization
of these regions could provide valuable insights into the
pathophysiology of pleomorphic adenoma [8].

Radiological imaging, especially computed tomogra-
phy (CT), offers valuable preoperative insights into tumor
size, location, density, and internal architecture. The re-
lationship between histological composition and imaging
characteristics is increasingly evident in salivary gland tu-
mors. Particularly, myxoid-rich regions often appear as hy-
podense zones on CT scans, a finding due to their high mu-
copolysaccharide content.

Based on these observations, this study aimed to in-
vestigate the expression and spatial distribution of nestin
within the stromal component of pleomorphic adenoma of
the parotid gland. The analysis included immunohisto-
chemical evaluation, quantification of nestin-positive areas,
and histomorphological classification of stromal subtypes
as either “mucus-rich” or “cell-rich”. Furthermore, we ex-
amined the correlation between nestin expression patterns
and CT imaging parameters. Using statistical approaches,
including chi-square testing, paired sample ¢-tests, correla-
tion analysis, and principal component analysis, we sought
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to determine whether nestin expression could serve as a
marker for the structural organization and potential biolog-
ical behavior in pleomorphic adenoma. The findings of this
study may enhance our understanding of benign tumor be-
havior and support the diagnostic utility of nestin in clinical
pathology.

Materials and Methods

Tissue Samples

This retrospective study recruited 51 patients diag-
nosed with PA of the parotid glands between 2017 and 2023.
The study cohort comprised patients undergoing parotidec-
tomy for the first time in The First People’s Hospital of
Chuzhou, China. Tissue samples collected from the pa-
tients were fixed in formalin and subsequently embedded
in paraffin. All tissue specimens were archived in surgical
blocks, which were preserved in the Department of Pathol-
ogy. The inclusion criteria included no personal history of
malignant tumors, no recent history of radiotherapy, and no
tumor biopsy before surgery. For immunohistochemistry
analysis, normal parotid gland tissues from the same pa-
tients were used as internal controls.

This study was approved by the Ethics Committee of
The First People’s Hospital of Chuzhou (CZ-Ethic-2023-
006). Written informed consent was obtained from all pa-
tients before using their surgical specimens, and the study
was conducted following the ethical principles outlined in
the Declaration of Helsinki.

Immunohistochemical Staining

Formalin-fixed, paraffin-embedded PA tissue blocks
were sectioned 4 pm-thick slices using a rotary microtome
(Leica RM2235, Leica Biosystems, Nussloch, Germany).
To assess nestin expression and its distribution within the
stromal components, immunohistochemical staining was
performed using a rabbit monoclonal anti-nestin antibody
[clone EPR1301(2); Abcam, Cambridge, UK; Cat. no.
ab176571] ata dilution of 1:500. Antigen retrieval was con-
ducted by heating the tissue sections in citrate buffer (pH
6.0; ZSGB-BIO, Beijing, China; Cat. no. ZLI-9065) at 95
°C for 20 minutes, followed by blocking with 3% hydro-
gen peroxide (Solarbio, Beijing, China; Cat. no. H1056)
for 10 minutes. Tissue sections underwent overnight in-
cubation with the primary antibody at 4 °C, then were
treated with a horseradish peroxidase (HRP)-conjugated
goat anti-rabbit secondary antibody (Servicebio, Wuhan,
China, Cat. no. GB23303) for 30 minutes at room tem-
perature. Diaminobenzidine (DAB) substrate (ZSGB-BIO,
Beijing, China; Cat. no. ZLI-9018) was applied for vi-
sualization, and hematoxylin (Solarbio, Cat. no. G1120)
was used for nuclear counterstaining. Normal parotid tissue
was used as a negative control, indicating no nestin expres-
sion. Positively stained cells, exhibiting brownish-yellow
cytoplasmic or nuclear coloration, were examined under a
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light microscope (Olympus BX53, Olympus Corporation,
Tokyo, Japan) at 40 x and 400 x magnifications across five
distinct stromal regions per section. Images were quantita-
tively analyzed using ImageJ software (version 1.53k; Na-
tional Institutes of Health, Bethesda, MD, USA).

A cell was considered nestin-positive if its integrated
optical density (I0OD) was greater than zero. Stained was
classified as diffuse if more than 30% of the field area was
stained. The 30% threshold was selected as an optimal cut-
off to minimize false positives from background staining
(common at 20%) while avoiding missing weak staining
that would occur with a 50% threshold. Furthermore, tu-
mor stroma was classified based on myxoid tissue content:
tissue sections with more than 50% myxoid tissue were cat-
egorized as the “mucus-rich” type, whereas those with less
than 50% were classified as the “cell-rich” [9] type. For
each tumor case, 1-2 representative adjacent sections were
assessed to capture both central and peripheral areas of tu-
mors. For evaluating the stromal component, pseudopod-
like protrusions of nestin-positive cells were defined as hav-
ing a “loose” arrangement if more than 50% of the cells
were loosely connected (suggestive of cell dissociation),
and as a “reticular” arrangement if less than 50% of the
cells showed a loose arrangement (suggestive of cell con-
nection).

CT Imaging and Data Analysis

CT scans were performed using a 2 x 64-slice CT
scanner. The CT value and area of both the PA and the adja-
cent normal parotid gland tissue from the same patient were
measured on axial images at the same anatomical level, en-
suring a distance of at least 5 mm from the tumor mar-
gin to reduce partial volume effects. Representative re-
gions were selected from contralateral or peripheral non-
tumorous parotid areas, which were verified as morpholog-
ically normal based on radiological appearance. The mea-
surements from these areas were then averaged for analysis.

Statistical Analyses

Statistical analyses were performed using Statistical
Package for the Social Sciences (SPSS) (version 17.0; IBM
Corp., Armonk, NY, USA) and R software (version 4.1.1;
The R Foundation for Statistical Computing, Vienna, Aus-
tria). The Chi-square test was used to compare the propor-
tion of pseudopod-like protrusions. A paired-sample #-test
was used to compare the CT values between tumor tissues
and adjacent normal tissues. The correlation between these
variables was assessed using Pearson’s correlation coeffi-
cient. Principal component analysis (PCA) was performed
to evaluate the effects of PA parameters on histomorpho-
logical changes within stromal components and to identify
the primary driving factors. A p-value of less than 0.05 was
considered statistically significant.

Results

This study included 51 patients diagnosed with PA,
comprising 20 males and 31 females, aged between 20 and
77 years, with body weights ranging from 46 to 90 kg.
Among the 51 tumors, 38 were located in the superficial
lobe and 13 in the deep lobe of the parotid gland, with tu-
mor diameters ranging between 1 cm and 6 cm.

Expression and Distribution of Nestin in the Stromal
Component

Immunostaining showed that nestin expression was
reduced in normal parotid glands, however, it was consis-
tently expressed in vascular endothelial cells, which were
identifiable by their flat, elongated morphology and local-
ization along the vascular lumina (Fig. 1). In contrast, in
PA, nestin-positive stromal cells were localized within the
myxoid matrix, demonstrating spindle- or stellate-shaped
morphologies independent of vascular structures. Diffuse
nestin expression was found across all 51 PA cases. In
the myxoid tissues, nestin staining was more pronounced
in the nuclear membrane, cytoplasm, and pseudopod-like
protrusions of most nestin-positive cells, while a few cells
lacked nuclear membrane staining. Additionally, these cel-
lular protrusions varied in morphology and were predom-
inantly observed in either a “loose” or “reticular” cellular
arrangement (Fig. 2).

Histomorphological Differences of the Stromal
Component

The stromal component PA can be grouped into
two histomorphological types: “mucus-rich” and “cell-
rich” [10], based on the characteristics and proportion of
pseudopod-like protrusions. In pathological sections where
the stromal component was predominant, the cellular pro-
trusions were loosely arranged, with most cells remaining
unconnected. Compared to the marginal region, the cen-
tral areas had shorter cellular protrusions and larger inter-
cellular distances (Fig. 2A—B). However, in some “mucus-
rich” areas, certain pseudopod-like protrusions were inter-
connected, forming a “reticular” cellular arrangement due
to distinctly oriented connections (Fig. 2D).

In pathological sections dominated by the “cell-rich”
structure type, the cellular protrusions were more fre-
quently interconnected, forming a “reticular” arrangement
(Fig. 2C). Both the mucus-rich and cell-rich structural types
can form reticular arrangements, with distinct cellular com-
partments and localized mucous foci (Fig. 2E,F). In con-
trast, in a few “cell-rich” sections, the protrusions appeared
“loosely arranged”, lacking interconnection (Fig. 2G-I).
Additionally, in the mucinous mesenchyme area with a
darker background, no nuclear membrane staining was ob-
served (Fig. 2I). The Chi-square test verified that the distri-
bution of these two cellular arrangements was statistically
significantly different between the two histomorphological
types of the myxoid structure (p < 0.05, Table 1).


https://www.discovmed.com/

L)

L5 »
O,v 5 : 'f’_'
u_.. ¥ 4 i -/*

2035

A g ¥ 50um
‘ T > rem K
% s S, ™ PRS-

Fig. 1. Immunohistochemical staining for nestin in normal parotid gland tissue. Nestin-positive staining is observed in vascular

endothelial cells (brown coloration), while acinar and ductal epithelial cells show no significant immunoreactivity. Red arrow: vascular

endothelial cells showing nestin-positive staining (brown cytoplasmic signal along vessel walls); green arrow: acinar epithelial cells

without nestin immunoreactivity; yellow arrow: myoepithelial cells with faint or no nestin expression. Hematoxylin counterstaining

reveals nuclei in blue. The image represents a representative section from the control group. Magnification: 400x.

CT Value Differences Between Pleomorphic
Adenoma and Normal Parotid Tissue

CT imaging revealed significant differences between
PA tissues and adjacent normal parotid tissues across all 51
cases. In cell-rich PA (Fig. 3A), the lesions exhibited well-
defined margins and relatively high CT attenuation values
compared to surrounding normal tissue, likely due to the
higher cellularity and fibrous stromal components. In con-
trast, mucus-rich PA (Fig. 3B) showed more poorly defined
margins and lower CT attenuation values, consistent with
their looser architecture and abundant mucinous stroma. In
Fig. 3A,B, red arrows indicate the PA lesions, while red cir-
cles represent the adjacent normal parotid regions selected
for CT value comparison.

A paired-sample #-test revealed that the mean CT at-
tenuation values of PA tissues were significantly higher
than those of the adjacent normal parotid tissues (p < 0.05;
Fig. 3C), indicating a considerable difference in tissue den-
sity. Pearson’s correlation coefficient was —0.48, indicating
a moderate negative correlation between these two param-
eters (one-tailed p = 3.45 x 1071?; two-tailed p = 6.90 x
10719),

Furthermore, to explore the associations between PA
characteristics and histomorphological changes, we ana-
lyzed tumor parameters using Principal Component Anal-
ysis (PCA). The findings showed that “mucus-rich” PAs,
identified based on high nestin expression in myxoid stro-
mal regions, were primarily distributed along the Principal
Component (PC1) axis, which was mainly driven by tumor
size-related parameters, such as tumor diameter and tumor-
to-parotid area ratio. In contrast, “cell-rich” PAs, with rel-
atively lower nestin expression and more compact stromal
arrangements, were distributed along the PC2 axis, which
mainly indicated CT attenuation differences between the tu-
mor and adjacent normal parotid tissue (Fig. 4A).

PCI1 and PC2 accounted for 35.8% and 22.3% of
the total variance, respectively, with tumor area and CT
value being the primary contributors to PCl and PC2
(Fig. 4B,C). These findings indicate that the nestin-defined
stromal subtypes also exhibit distinct imaging features.
Moreover, permutational multivariate analysis of variance
(PERMANOVA) revealed significant differences in over-
all PA parameters between the “mucus-rich” and “cell-rich”
groups (p < 0.05), indicating that these stromal subtypes
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Fig. 2. Nestin expression in the stromal components of pleomorphic adenoma (PA). (A) The marginal region of the “mucus-rich”
structure with a loose arrangement; (B) The central region of the “mucus-rich” structure with a loose arrangement; (C) The “cell-rich”
structure with a reticular arrangement; (D) The “mucus-rich” structure with a reticular arrangement; (E) The fibrous septa or stromal
compartments in the “cell-rich” structure; (F) The fibrous septa or stromal compartments in the “mucus-rich” structure; (G-I) the “cell-
rich” structure with a loose arrangement in different myxoid mesenchyme backgrounds.

differ not only in histological nestin distribution but also in ~ tal remodeling, with a focus on its presence within the

imaging and size-related features (p < 0.05, Fig. 4A). myxoid regions of PA. The study aimed to determine

A significant contribution of tumor diameter and the ~ Whether nestin expression correlates with distinct stro-
swelling-to-parotid area ratio would indicate a greater like- mal morphologies—categorized as mucus-rich or cell-rich.
lihood of mucinous histological patterns in tumors with ~ Employing immunohistochemical staining combined with
larger diameters. semi-quantitative image analysis, we identified two nestin-

positive stromal patterns—loosely organized and reticu-
larly organized protrusions. These arrangements were fur-
ther assessed in relation to CT imaging features. These find-
ings provide insights into nestin’s role in stromal organi-
zation and its potential diagnostic value as an immunohis-
tochemical marker in characterizing the histological com-
plexity and behavioral diversity of PA.

Discussion

Pleomorphic adenoma is a benign salivary gland tu-
mor characterized by significant histological diversity, re-
flecting its complex biological behavior. Although PA
lacks malignant histological features, the presence of el-
ements such as cellular protrusions and matrix-rich zones Nestin is an Intermediate Filament (IF) protein primar-
suggests a degree of structural adaptability that may in- ily localized in the cytoplasm and nuclear lamina, playing
fluence its growth and progression. In this study, we a critical role in maintaining cytoskeletal organization [11].
investigated the expression and spatial distribution of  In PA, nestin was highly expressed in the stromal compo-
nestin, a type VI intermediate filament (IF) protein known  nent, a feature that is rarely noted in other common oral and
to modulate cell migration, proliferation, and cytoskele- maxillofacial tumors. This expression pattern suggests that
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Table 1. The proportion of pseudopod-like protrusions in different histomorphology types of stromal component based on

nestin immunostaining.

Loosely arranged ~ Reticularly arranged ~ Total ~ x2 value  p-value
Mucus-rich 17 7 24
Cell-rich 9 18 27 7.150 0.007
Total 26 25 51
Mucus-rich Cell-rich Total  x2 value p-value
Loosely arranged 17 9 26
Reticularly arranged 7 18 25 7.150 0.007
Total 24 27 51
P<20.001

-

T
Normal tissues PA tissues

Fig. 3. Computed tomography (CT) imaging analysis of the “cell-rich” (A) and “mucus-rich” (B) types of PA in the included

population (C). Red arrows indicate the location of the tumor, and red circles indicate the adjacent normal parotid tissue used for CT

value comparison and the paired-sample #-test of differences in the CT values of PA and normal tissues (C).

nestin immunohistochemistry may aid in diagnosing PA, es-
pecially in biopsy specimens with limited myxoid tissue.

In “mucus-rich” PAs, nestin staining was consistently
observed in both the nuclear membrane and cytoplasm.
Most nestin-positive cells demonstrated “loosely arranged”
protrusions of varying lengths, potentially reflecting dif-
ferences in migratory capacity [12]. These morphologi-
cal features only suggest possible differences in motility;
however, functional studies are needed to validate this hy-
pothesis. Despite cytoplasmic remodeling influenced by
the mucinous stroma, persistent nuclear membrane stain-
ing may reflect structural stability that protects chromatin
from mechanical stress during cell movement [13]. This
structural resilience may help explain PA’s benign nature,
even in the presence of local stromal invasiveness. Con-
versely, fewer cells in mucus-rich PAs exhibited “reticu-
larly arranged” protrusions, typically located within fibrous
septa or dense stromal regions, suggesting limited motility
consistent with the tumor’s benign nature [14].

In “cell-rich” PAs, most nestin-positive cells exhib-
ited reticular arrangements, forming cellular compartments
with localized mucous foci. Although some “loosely ar-
ranged” protrusions were present, they appeared shorter and
less frequent, suggesting reduced migratory potential. The
presence of dense mucinous mesenchyme may mechani-

cally constrain both stromal development and the forma-
tion of cellular protrusions [15,16]. In certain regions, ir-
regular spindle-shaped cells with nuclear deformation were
observed, often lacking nuclear membrane nestin staining.
This may indicate nuclear damage resulting from the pres-
sure exerted by the dense stroma, potentially serving as a
histological indicator of mechanical stress or cellular strain
[17-20]. Previous study has reported nestin expression in
various neoplasms, including gliomas and pancreatic tu-
mors, where it has been associated with stemness and in-
creased invasiveness [21]. However, in benign salivary
gland tumors like PA, nestin expression appears more local-
ized to stromal structures rather than epithelial tumor com-
ponents, suggesting a different biological role [2,22,23].

Radiological features also showed a close relation-
ship with histomorphological subtypes. Principal compo-
nent analysis indicated that “cell-rich” PAs demonstrated
stronger associations with higher CT values, reflecting
greater density compared to adjacent normal tissue. Con-
versely, “mucus-rich” PAs had lower CT values with less
distinct contrast. Tumor diameter and tumor/parotid area
ratio contributed more substantially to the “mucus-rich”
group, consistent with their larger sizes and the higher pro-
portion of loosely arranged nestin-positive cells. Together,
these findings suggest that stromal organization in PA is in-
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Fig. 4. Principal component analysis (PCA) of the effects of tumor parameters on the two histomorphology types of the stromal

component of PA. (A) The results of PCA analysis showed that the mucinous patients were primarily distributed along the PC1 axis,

while the cell-dense patients were mainly distributed along the PC2 axis, i.e., the PC1 axis (explaining 35.8% of the total variance) had a

more pronounced effect on the mucinous patients, and the PC2 axis (explaining 22.3% of the total variance) had a more pronounced effect

on the cell-dense patients. The results of permutation multivariate analysis of variance (PERMANOVA) showed a significant difference

between mucinous and cell-dense patients (p < 0.05). (B) The predominant contributing factors of the PC1 axis were tumor area, tumor

diameter, tumor area and tumor/gallbladder area ratio; (C) and the main contributing factors of the PC2 axis were the difference between

normal and tumor tissue paired CT values, normal tissue CT values and tumor tissue CT values.

fluenced by both intrinsic tumor architecture and external
mechanical or microenvironmental factors.

This study has several limitations which need to be
acknowledged. Although the inclusion of 51 cases pro-
vided sufficient data for analysis, all samples were obtained
from a single center, and the retrospective study design
may have introduced selection bias. While immunohis-
tochemistry and image-based quantification revealed dis-
tinct nestin expression patterns, the lack of complementary
molecular assays, such as Western blotting or transcrip-
tomic profiling, limited deeper mechanistic insights. The
classification of stromal subtypes into “mucus-rich” and
“cell-rich” types relied on semiquantitative morphological
criteria; although supported statistically, this categoriza-
tion would benefit from further validation employing digital
pathology approaches or molecular markers. Moreover, the
interpretation of CT imaging data was constrained by the
absence of advanced imaging modalities, such as Magnetic
Resonance Imaging (MRI), which could offer more com-
prehensive structural and functional evaluations. Future
studies should incorporate larger, prospective multicenter
cohorts, employ high-resolution imaging, and use multi-

omics approaches to elucidate the regulatory pathways of
nestin and its role in tumor-stroma dynamics.

Conclusions

Our findings suggest that nestin is not only diffusely
expressed in the PA stromal components but also under-
scores distinct patterns of cellular protrusions—loosely ar-
ranged in mucus-rich areas and reticularly arranged in cell-
rich regions—reflecting differences in cell motility and
stromal remodeling. The stable localization of nestin at the
nuclear membrane in mucus-rich zones may contribute to
maintaining cytoskeletal integrity and safeguard chromo-
somal structural, thereby reinforcing the benign behavior
of PA despite its local invasiveness. These findings support
the potential of nestin as a marker for stromal differentia-
tion and histological subtype classification in pleomorphic
adenoma.
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