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ABSTRACT

OBJECTIVE: To evaluate the prognostic significance of Nestin and Ki-67 expression in
Astrocytoma across different grades.

METHODOLOGY: A retrospective cross-sectional analysis was conducted at the Histology
Department, Basic Medical Sciences Institute, JPMC Karachi, between October 2019 and
September 2022. In this study, Nestin and KI-67 immunohistochemistry expression was assessed in
60 Astrocytoma, and its expression was seen with different degrees of Astrocytoma.

RESULTS: Nestin positivity was found in 86.7% of cases of Astrocytoma. The immune-reactive
score for Nestin staining in different stages of Astrocytoma was shown to have a significantly
significant P-value. 41.7% of cases of Astrocytoma were found to have a KI-67 labeling index; all
high-grade Astrocytoma had a high labeling index of Ki-67. It was demonstrated that the immune-
reactive score for Ki-67 staining at various phases of Astrocytoma had a statistically significant P-
value.

CONCLUSION: We discovered that Nestin and Ki-67 were expressed in Astrocytoma and that the
expression of both immune markers rose with tumor grade. Nestin and Ki-67 serve as a helpful
marker for assessing the Astrocytoma's prognosis. These findings may be used to determine the best
course of action for Astrocytoma therapy.
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INTRODUCTION

Central nervous system (CNS) tumors can be either benign or malignant. These include
meningiomas, medulloblastomas, gliomas, and embryonal tumors'. Approximately 27% of all
primary brain tumors are classified as diffuse gliomas. Diffuse gliomas arise from glial cells, which
provide support and protection for neurons®.

In Pakistan, gliomas are among the most common types of brain tumors treated at Shaukat Khanum
Memorial Cancer Hospital. In 2020, gliomas accounted for over half of all brain tumor cases
reported at the facility’. Research indicates that males have a 50% higher incidence of gliomas than
females, particularly during adulthood. This disparity in prevalence suggests that gender may play a
role in the risk factors associated with glioma development. Several factors could contribute to this
increased incidence in males, including genetic, hormonal, and environmental influences®.

Various factors, including genetics, race, ethnicity, and genderl, can influence central nervous
system (CNS) tumors. The risk of developing Astrocytoma, in particular, is elevated by exposure to
ionizing radiation and certain genetic conditions, such as Lynch syndrome, Li-Fraumeni syndrome,
Cowden syndrome, Turcot syndrome, and Neurofibromatosis type I °. In general, males are more
frequently diagnosed with malignant brain tumors compared to females. Conversely, low-grade
gliomas occur with similar frequency in both sexes®.

Astrocytoma grading and classification

Astrocytomas are more commonly observed in the cerebral hemispheres, particularly in adult
males. In children, they can be located in the brain stem and the cerebral halves of the brain.

In 2021, the World Wellbeing Association (WHO) mentioned their astrocytoma grading system,
which ranges from grade 1 to grade 4 .

Grade I: Astrocytomas are harmless and most commonly affect teenagers.

Grade II: Nuclear atypia is the only symptom of Astrocytoma, which primarily affects adults.

Grade III: The features are mitosis, nuclear atypia and anaplasia.

Grade IV: It is characterized by necrosis, microvascular enlargement, nuclear atypia or mitosis.
There has been increasing evidence in recent years that cancer stem cells (CSCs) play a role in the
genesis of malignancies. Researchers have found that some peptides can attach to undifferentiated
glioma progenitor cells and detect surface Nestin. Radiopharmaceuticals targeting Nestin, such as
peptides, monoclonal antibodies, or cytotoxic chemicals, can eliminate these cells®. While Nestin-
targeted therapies are still largely experimental, ongoing research aims to evaluate their efficacy
and safety in clinical trials.

A potential marker for CSCs is Nestin, an intermediate filament protein. Many stem cells, including
neural stem cells, express nestin”'’. Resistance to cancer therapy appears closely linked to cancer
stem cells °.

The heart, non-hematopoietic bone marrow, testicles, pancreatic islets, hair follicles, hepatic cells,
skeletal muscle satellite cells, developing myotomes and renal progenitors are among the tissues
and stem or progenitor cells that express it*’. According to Yamagishi, Angiogenesis, proliferation,
and tumor infiltration have been linked with Nestin as a biomarker for CSCs'°.

Neuroectodermal neuroepithelial cancers that were neuronal, astrocytic, oligo-astrocytic,
oligodendroglial and neuronalglial were shown to have the nestin protein®. Numerous malignancies,
including glioma, melanoma, osteosarcoma, neuroblastoma, pancreatic cancer, tumor vasculature
and prostate cancer, appear to have nestin expression as a contributing factor to their
pathogenesis”'°.

It has been demonstrated that Nestin inhibits Gli3, a regulator of the hedgehog signaling system,
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which is linked to the growth and metastasis of cancers. Nestin tail enhances Gli3 target genes, such
as Glil and PTCH, by interacting with Gli3 and preventing its nuclear translocation'’.

It is claimed by Andrés-Sanchez N 2022'" that proliferating cells have the Ki-67 antigen and that
lack of Ki-67 results in cell death or arrest. Cidado J et al. ' report that Ki-67 expression is low or
absent in normal tissues with live proliferating cells, but the integrity of this is still in question.
Additionally, he found many aggressive cancer cells overexpress Ki-67, making it a potential
cancer target.

In malignant tumors, Ki-67 expression is linked to internal cell proliferation, indicating tumor
aggressiveness. 10-14 percent of KI-67 immunostaining-positive cells are considered high-risk
cancer. Particular breast, lung, cervical, urinary tract, lymphoma, central nervous system, prostate
and soft tissue malignancies may be accurately predicted, treated, and prognoses using Ki-67".

The rationale for doing this study was to assess the immune-histochemical expression of Nestin and
Ki-67: This research aims to systematically evaluate the levels of Nestin and Ki-67 proteins in
astrocytoma tumors through immune-histochemical techniques. These biomarkers will be analyzed
to understand their distribution and intensity in different grades of Astrocytoma. To correlate these
biomarkers with tumor grading: The study seeks to determine how variations in the expression of
Nestin and Ki-67 correlate with the grade of Astrocytoma, ranging from lower to higher; this will
help understand the relationship between these biomarkers and tumor severity. To evaluate the
prognostic significance of Nestin and Ki-67: By analyzing the expression patterns of Nestin and Ki-
67.
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METHODOLOGY

Our study was a retrospective cross-sectional analysis of Astrocytoma that was identified
histopathologically. The cases were taken from the Department of Histology, BMSI, JPMC
Karachi, between October 2019 and September 2022. We assessed Nestin and Ki-67 expression in
60 cases of Astrocytoma using non-probability convenience sampling.

The study included all histologically confirmed Astrocytoma specimens that were formalin-fixed
and paraffin-embedded. Tumors other than Astrocytoma and poorly fixed and inadequate tissue
specimens were not included in the immunohistochemistry analysis.

Staining was done on sections mounted on Poly-L-lysine-coated slides. The marker's technique was
performed according to the manufacturer's instructions. The tissue sections were dewaxed and
rehydrated with xylene, lowering alcohol concentrations. Antigen unmasking was carried out using
a steamer and tris Hcl buffer (PH 9.0). After blocking peroxidase, the sections were stained with the
Nestin monoclonal primary antibody from Cell Marque Corporation is catalogued as REF 388M-18
and for Ki-67 with Dako Corporation's mouse monoclonal primary antibody (catalogue no. REF
IR626). Following secondary antibody incubation, sections were coated with Di-aminobenzidine
chromogen. A section of malignant melanoma tissue was used as a positive control for Nestin, and
an Appendix wall section for Ki-67. Two pathologists examined every slide.

Nestin stains the cytoplasm in malignant cells, while Ki-67 stains the nucleus. An immune-reactive
score (IRS) was used to assess Nestin's staining further. The intensity score ranges from No staining
= 0, Weak staining = 1, Medium staining = 2 and Strong staining = 3, indicating the proportion of
cells with a positive stain. The percentage score (PS) reflects the staining intensity, which has
values of 0 for negative tumor cells, 1 for <30% positive tumor cells, 2 for 30%—60% positive
tumor cells and 3 for more than 60% positive tumor cells. The intensity score (IS) and the
percentage score (PS) are multiplied to get an immune-reactive score. Regarding expressiveness
level, a score of 1 to 3 is labeled poor, 4 to 6 is labeled moderate, and 7 to 9 is labeled strong'*.

The amount of cancer cells that stain positive was used to evaluate the expression of Ki-67 semi-
quantitatively. Ten percent or less of the labeled cells were determined to be negative. Ten percent
or more of the stained cells were considered positive'’.

Data collection and statistical analysis were conducted using SPSS 21. The chi-square test was
employed to establish statistical significance when P<0.05.
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RESULTS

Table I demonstrates Nestin's immune reactivity according to the Astrocytoma grades. The Pearson
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Chi-square test revealed a statistically significant correlation between Nestin immune reactivity and
Astrocytoma grades (p<0.001).

Table I: Nestin Immuno-reactivity in Various Grades of Astrocytoma

Nestin Immuno-reactivity Total | P-value
NO:
Morphology Grades Negative | Weak | Medium | Strong
Staining | Staining | Staining | Staining
n(%) n(%) n(%) n(%)
GRADE-1 2(3.3) 9(15) 5(8.3) 0(0) 16(26.7)
(pilocytic) <0.001*
GRADE-2 3(5) 11(18.3) | 8(13.3) | 2(3.3) 24(40)
(diffuse)
Astrocytoma | GRADE-3 1((1.7) - - 5(8.3) 6(10)
(anaplastic)
GRADE-4 2(3.3) - - 12(20) | 14(23.3)
(Glioblastoma
Multiformis)
Total 8(13.3) | 20(33.3) | 13(21.7) | 19(31.7) | 60(100)

*Using the Pearson Chi-Square test, statistically significant was p<0.05.

Table II demonstrates the immunereactivity to Ki-67 based on the grades of Astrocytoma. All
Pearson Chi-Square tests found a strong correlation between Astrocytoma grades and Ki-67

(p<0.001).
Table I1I: Immuno-reactivity of Ki-67 in Different Grades of Astrocytoma
KI-67 Total P-value
IMMUNOREACTIVITY | NO:
Morphology Grades Positive Negative
>10%) (<10%)
Astrocytoma | GRADE-1 0 (0) 16 (26.7) 16 (26.7) | <0.001*
(Pilocytic)
GRADE-2 5(8.3) 19 (31.7) 24 (40)
(Diffuse)
GRADE-3 6 (10) 0 (0) 6 (10)
(Anaplastic)
GRADE-4 14 (23.3) 0 (0) 14 (23.3)
(Glioblastoma
Multiformis)
Total Total 25 (41.7) 35 (58.3) 60 (100)

*Using the Pearson Chi-Square test, statistically significant was p < 0.05.
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Figure I: Pilocytic astrocytoma
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DISCUSSION

In our study, we received 60 cases of Astrocytoma, of which 40 were low-grade, and 20 were high-
grade astrocytoma. Most Astrocytomas were in the third decade of life, followed by the second
decade, and men were more frequently affected.

Our research found that higher grades of Astrocytoma are associated with increased Nestin and Ki-
67 immuno-reactivity, indicating a higher proliferation rate of the tumor cells. The study also
noticed that the Nestin and Ki-67 immuno-reactivity correlated significantly with the grade of
Astrocytoma. This information could be valuable for clinicians in determining the tumor's
aggressiveness and planning appropriate treatment strategies.

In the current investigation, 8(13.3%) Astrocytomas showed negative staining. Comparably, only
3/48 (6.25%) of the Astrocytoma in the study by Abdulkareem RM 2019'* showed negative
staining, less than in our investigation. A result discovered by Woo CG 2021'¢, 32(34.8%) of the
cases showed negative staining, more significant than in our study. This finding may be because
they incorporate all glioma patients.

The current investigation showed weak staining in 20(33.3%) Astrocytomas. A study reveals poor
staining in 9(18.75%) cases of Astrocytoma, which is lower than our study'®. Another study reveals
poor staining in 22(23.9%) glioma patients'®. Additionally, 13(21.7%) of the Astrocytomas had
moderate Nestin staining, according to our research. However, 25(28.2%) of the astrocytes in the
study by Abdulkareem RM 2019'* exhibit considerable Nestin staining, which is somewhat higher
than in our investigation.

Nineteen (31.7%) of the Astrocytomas in our investigation had intense staining. Likewise,
11(22.9%) Astrocytomas have significant staining, according to Abdulkareem RM 2019'*. Another
study states that Nestin staining is observed in 35(28%) gliomas, which is greater than our research
since they incorporate all the gliomas; this is following the current study '

Astrocytoma grades and Nestin immunoreactivity were significantly correlated. High-grade tumors
exhibit substantial Nestin expression, according to our research. Rehfeld M et al. '* found a similar
result, indicating that Nestin immunoreactivity strongly correlates with Astrocytoma grades.

This research (2/24) found that 3.3% of grade II Astrocytoma had high Nestin expression.
According to Rushing EJ 2010", 1.37% of grade II Astrocytoma have significant Nestin positive,
consistent with our findings. According to Dahlrot RH et al.*’, patients with high levels of Nestin
and WHO grade II malignancies had a considerably worse progression-free survival (PFS) rate. It
can be explained by diffuse Astrocytoma, which has a bad prognosis due to elevated Nestin
expression. Furthermore, according to Dahlrot RH et al.?’, greater expression of Nestin is associated
with worse patient prognosis as Astrocytoma grades grow.

Our research shows (2/14) of GBM grade 4 and 1/6 of Anaplastic Astrocytoma grade 3 showed no
staining. According to the study by Abdulkareem RM 2019 three of the eleven (grade III)
Anaplastic Astrocytoma cases exhibit moderate staining, while eight of the cases exhibit strong
staining and of the five (grade IV) GBM cases, two exhibit moderate staining and three exhibit
weak staining. It was discovered that weak Nestin positivity accounted for around half of all
Anaplastic Astrocytoma'®. Negative staining may occur when antigens are removed from the tissue
during tissue processing. No research has been done demonstrating that Astrocytoma in grades III
and IV has no Nestin staining.

Previous research findings indicate that glioblastomas (Astrocytoma classified as GBMs; WHO
grade IV) have greater Nestin expression levels than low-grade gliomas (WHO grades II-III).
Additionally, research has shown that increased Nestin expression is also linked to lower survival
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periods when low-grade invasive gliomas (grade II), anaplastic gliomas (grade III), or GBMs (grade
IV) are combined into a single category”'.

We found that KI-67 is a useful tool for more precisely differentiating Glioblastoma from Diffuse
Astrocytoma and Pilocytic Astrocytoma. Of the grade 1 (16/16) cases, 26.7%, the Ki-67 labeling
index was low, at less than 10%. Muslim LM 2021 * found a low labeling index of 10/10 (22.2%),
similar to our results.

Of the 24 instances of grade II, around 19 (31.7%) had a low labeling index, and 5 (8.3%) had a
high (>10%) labelling index. Comparable to our research, Muslim LM 2021 ** findings indicate that
3/24 (6.6%) patients have a high labeling index and 21/24 (48.9%) cases have a low (<10%) ki-67
labeling index**.

In each case of grade III 6/6 (10%) and grade IV 14/14 (23.3%), the labeling index was high
(>10%). These findings are consistent with Enestrom S 1998 and Torp SH 2002***,

Out of 24 grade II Diffuse Astrocytoma (40%), 5(8.3%) had a high ki-67 labeling index (>10%).
Research that reported one case of Diffuse Astrocytoma with a 12% ki-67 Labeling index also
found similar results to ours™; this might be because slow-growing cancers eventually exhibit more
aggressive biology, as Hirtz A 2020’ suggested.

The grades of Astrocytoma and Ki-67 have a substantial association. According to reports, the Ki-
67 Labeling index rises as the WHO grade does; this explains why the median Ki-67 Labeling
index for tumors with WHO grades 11, III, and IV is 2.7%, 6.4%, and 27.5%, respectively. Overall
survival of IDH-wild-type glioblastomas, which are already aggressive and have been histologically
diagnosed, cannot be estimated by the Ki-67 Labeling Index.

Glioblastoma diagnosis cannot be made using the Ki-67 Labeling Index alone. Additionally, there
was an overlap in the Ki-67 Labeling Index grades. A problematic diagnosis may arise from
glioblag;oma multiformis, which can have Ki-67 Labelling Index values as low as Grade II
tumors”’.
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CONCLUSION

We discovered that Nestin was expressed in Astrocytomas and that the expression of Nestin rises
with tumor grade. However, we may conclude that Nestin is a helpful marker for assessing the
prognosis of astrocytoma. We also determine that Ki-67 expression is frequently employed as a
proliferation marker and therapeutic agent in regular pathological examinations because it is highly
correlated with the development and proliferation of tumor cells. The majority of high-grade tumors
had strong expression of Ki-67 in Astrocytoma. These data can be used to determine the best course
of therapy for Astrocytoma. Further investigation of ki-67 as a therapeutic target in cancer treatment
will undoubtedly lead to a rise in therapeutic success.
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