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Expression of transcription factors (STAT 2, 3, 4, and 6, HDAC1, 
HDAC2) in craniopharyngioma

Background: Craniopharyngioma is a benign tumor of the sellar 
region that is typically characterized by a maldevelopment tumor 
with a high recurrence rate, as well as substantial morbidity and 
mortality in the long term. Signal transducers and transcription ac-
tivators have been identified as critical components of cytokine sig-
naling pathways that have previously been documented in cranio-
pharyngioma-related literature. Purpose: The primary goal of this 
investigation is to examine transcription factor expression in cranio-
pharyngiomas. In addition, a clinical-pathological and immunohisto-
chemistry correlation will be sought. The current study enlisted the 
participation of forty patients. AdaCPs exhibited: β-catenin STAT2, 
STAT3, STAT6, and HDAC1 expression. While, STAT4, HDAC2, 
and GATA 3 were all negative. TTF1 was found in proteinaceous 
substances within the cyst formation (OMF). β-FGR, DPGR, TNFa, 
and Nrf2 were found to be associated with inflammation, OMF 
presence, and finger protrusion in brain surrounding tissue or brain 
invasion. Conclusions: Tumor recurrence was associated with 
increased expression of STAT3, STAT6, HDAC, β-catenin, and 
TNFα in WLA when compared to no recurrence. Coexpression of 
β-catenin, STAT2, STAT3, and STAT6 with TNFα was also shown 
using double fluorescence merge stains. There was no association 
between HDAC1 and HDAC2 coexpression and β-catenin, notably 
in the WLAs. Discussion: Histologically complicated features in-
clude cystic and solid components, the latter of which is made up of 
diverse morphological cell types. HDAC1 and HDAC2 regulate the 
enhanced expression of inflammatory genes during inflammation 
and macrophage response. 
Keywords: craniopharyngioma; transcriptions factors, proliferation, 
invasion, prognosis; STATs; HDAC1 and HDAC2, TNFα, β-catenin.
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Introduction 

Craniopharyngiomas (CPs) account for 1–3% of 

all brain cancers [1]. There are two forms of his-

topathology. According to the WHO categoriza-

tion [1], both forms are classification I. AdaCP is 

frequently related to a WNT pathway mutation, 

notably CTNNB1[2]. These mutations and abnor-

mal nuclear expressions of β-catenin accumu-

late in cell clusters [3] whereas BRAF V600E mu-

tations are found in Papillary craniopharyngioma 

(PaCP) [3,4].   

The pituitary gland development is regulated by 

several signaling pathways and transcription 

factors (TFs) [4]. TFs that regulate gene expres-

sion are critical cellular workings that control ad-

vanced regulatory fundamentals training [5], as 

well as their grouping of activities from multiple 

sauces, deliberate specificity, and strength in 

normal cellular events such as differentiation, 

proliferation, cell survival, apoptosis [4], growth 

regulation and tumor invasion [5,6], oncogenesis 

[5], and angiogenesis [4], among others. 

Tyrosine phosphorylation is activated by TFs 

proteins, which is commonly done by cytokine 

receptor-associated kinases (JAKs) [5]. STAT 

proteins (STAT 1, 2, 3, 4, 5, and 6) are ex-

pressed in numerous cancers, including brain tu-

mors [6]. To the best of our knowledge, few TFs 

have been studied in CPs.  

The goal of this study is to look at the immuno-

histochemistry of several transcription factors 

(e.g., β-catenin, STAT2, STAT3, STAT4, 

STAT6, TTF1, GATA3, HDAC1, HDAC2, PDGR, 

EGFR, β-FGF, and TNF-α) in craniopharyngi-

oma, a clinical behavior associated with histo-

logical features, and recurring tumors. 

Materials and methods 

This study was authorized by our institutions' 

Ethics Committee following the Helsinki Decla-

ration (P21-88). All patients gave consent for the 

use of the tissue removed, at the moment they 

approved the surgery. Forty formalin-fixed, par-

affin-embedded tissue blocks from AdaCP biop-

sies were obtained retrospectively from the De-

partment of Neuropathology archives at the 

National Institute of Neurology and Neurosur-

gery in Mexico City between 2014 and 2017. 

The cases were separated between recurrence 

and non-recurrence cancers, as well as those 

with brain invasion and those without. 

Each tumor sample's clinical statistics and de-

tailed information are presented. Histopatholog-

ical features investigated included dystrophic 

calcifications (DC), wet keratin (WK), whorl like 

arrays (WLA), the external epithelium (EE), in 

the palisading cell layer, cords, trabeculae, and 

lobules of well-differentiated epithelium, and 

stellate reticulum (SR), vascular proliferation 

(VP), brain invasion (BI), the nest of epithelial 

cells (NEC). Only AdaCPs were immunohisto-

chemically examined in this investigation. 

The same antibodies, concentrations, and re-

trieval procedures as previously described [5] 

were used for immunohistochemistry and immu-

nofluorescence. Throughout this work, we 

looked at protein expression in several histolog-

ical characteristics (DC, WK, WLA, EE, SR, in 

the palisading cell layer, cords, trabeculae, and 

lobules of well-differentiated epithelium, VP, the 

nest of epithelial cells, finger-like tumor, and 

brain adjacent tissue). 

The histopathological features were analyzed for 

each case and for each primary antibody used: 

β-catenin (N1N2-2 genetex, dilution 1:100), sig-

nal transducers and activators of transcription 

proteins; STAT2 (sc 1686A-A7), 

STAT3(F2sc8019, dilution 1:100), and 

STAT4(sc398228, dilution 1:100) and STAT6 

(sc-374021 AF488. Dilution 1:100). Histone 

deacetylase 1 (HDAC1, 1DE2, sc815998 dilu-

tion 1:100), Histone deacetylase 2 (HDAC2, an-

tibody (10E2): sc-81598, dilution 1:100), Plate-

let-derived growth factor receptor (PDGR, 

GTX10848, dilution 1:100), beta fibroblastic 

growth factor (βFGF) (GTX65081-pro), 

GeneTex, dilution 1:100) and tumor necrosis 

factor (TNFα), Anti-TNF alpha antibody 

(GTX110520) | GeneTex, dilution 1:100). Epi-

thelial growth factor (EGF) GTX29697, Gene 

Tex, dilution 1:100). Transcription termination 

factor, RNA polymerase I (TTF1, GTX129671, 
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dilution 1:100). And Nuclear factor erythroid 2-

related factor 2 (NFE2L2, also known as Nrf2, A-

10): sc-365949, dilution 1:100) and GFRA2 

(LSBio C-149958, dilution 1:100), GATA3 

(GTX31401, dilution 1:100). 

We estimated the positive fraction of stained tu-

mor cells against TNFα, PDGR, βFGF, TNFα, 

and Nrf2 (0 = 0%, 1 < 10%, 2 = 10–50%, 3 = 50–

80%, 4 > 80%), and an intensity score (IS). The 

IS defines the estimated staining intensity 

(0 = no staining at all, 1 = weak staining; 

2 = moderate staining; 3 = strong staining).   

Immunofluorescence 

A double stain against TNFα, PDGR, βFGF, 

TNFα, and Nrf2 was performed. Tissue prepara-

tion and staining were performed as described 

above. Later, mouse monoclonal antibodies to 

STAT-3, 4, and 6 and HDAC-1 y HDAC-2 were 

applied at a dilution of 1:400 and incubated 45 

minutes at room temperature, followed by a 30-

minute incubation with Poly-AP anti-mouse IgG 

(PV6110, Leica Biosystems, UK) at room tem-

perature and visualized using ImmPACT Vector 

Red Alkaline Phosphatase (SK-5105, Vector La-

boratory, CA) for 15 minutes. The percentage of 

different histopathological features was esti-

mated by counting in forty contiguous cells using 

a 40× objective, with counts compared for con-

sistency in 2–3 regions of each section when not 

limited by small tissue samples. 

Confocal microscopy 

For the confocal microscope study, STATs and 

HDAC1 and 2 (green) were correlated with β-

catenin and TNFα. Both were stained in red. 

DAPI in blue. A Nikon confocal microscope, 

eclipse Ti2, was used. 

Statistical analysis 

Data were analyzed using SPSS version 21.0.0 

for Windows (SPSS Inc., Chicago, IL). Scale 

variables were presented as the mean ± stand-

ard deviation (mean ± SD) or percentages as ap-

propriate. Fisher’s exact test was used to test 

the difference of immunohistochemical expres-

sion of each marker between AdaCP and PaCP 

and recurrence and non-recurrence tumors. The 

P values positive were reported, the significance 

level was 0.05.    

Results 

There were 40 adult cases of CPs in the re-

search group. Thirty-six AdaCPs and four 

PaCPs were present. Table 1 displays clinical 

data from the patient's studies. Our sample size 

was made up of 19 females (48%) and 21 males 

(53%). The average age ranged from 17 to 55 

years (31.43±10.057). Females had a median 

age range of 29 years old, while males had a 

median age range of 31 years old. AdaCPs have 

a median age of 29 years old, while PaCPs have 

a typical age of 37 years old. 

Symptom’s time onset ranged from 1 to 9 

months. The median follow-up length was 7 

months, but for PaCPs it was 6 to 9 months. 

They were separated into two groups: recurring 

cancers (n=20), non-recurrent tumors (n=20), tu-

mors with brain invasion (n=27), and tumors 

without brain invasion (n=13). 

 

Table 1. Showed the clinical and demographic characteristics of the patients 

 
 
Clinical data 

 
 
Recurrent 
Tumor 
n=20(%) 

 
 
Nonrecurrent 
N=20 

 
 
P-value 

 
 
Invasive 
n=27  

 
 
Noninvasive 

 
 
P-value 
n=13 

Age 27.50yr 32.50yr 0.90 26.00 yr  31.00yr 0.181 

Female  
Male 

14(70) 
6(30) 

5(25) 
15(75) 

0.004 10(37) 
17(63) 

9(69) 
4(31) 

0.056 

Weight 76.50gr. 73.50gr. 0.359  76gr. 76gr. 0.802 
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AdaCps 
PaCps 

19(95) 
1(5) 

17(85) 
3(15) 

0.292 27(100) 
0 

9(69) 
4(31) 

0.392 

start time  6(30) mo. 9(45) mo. 0.305 8(30) mo. 9(69) mo. 0.337 

Follow-up 1mo 5mo 0.009 8mo 9mo 0.337 

Solid 
Cyst 
Mixed 

9(45) 
8(40) 
3(15) 

5(25) 
12(60) 
3(15) 

0.379 6(22) 
16(59) 
5(19) 

8(62) 
4(31) 
1(8) 

0.050 

Tumor size 41mm. 34mm. 0.008 41mm. 24mm. 0.002 

Improvement  9(45) 11(55) 0.022 7(26) 12(92) 0.329 

Follow-up 2(10) 12(60) 0.009 6(22) 12(92) 0.584 

Death 12(60) 3(15) 0.000 23(85) 12(92) 0.285 

 

Table 2 depicts the various histological features results of CPs in relation to the different primary antibodies utilized. 

Figure 1 shows a histogram that illustrates the different histological features of recurrent and non-recurrent tumors. 

 
 
Histopathological 
Features 

 
 
Recurrent 
n=20 

 
 
Nonrecurrent 
n=20  

P-

value 

 

 
 

Invasive 

n-27 

 
 
N-invasion 
n=13 

P-

value 

Atypia EE 
Negative 
Weak 
Moderate 

 
4(20) 
4(20) 
8(40) 

 
10(50) 
6(30) 
4(20) 

0.075  
4(15) 
10(37) 
11(41) 

 
3(23) 
5(38) 
5(38) 

0.196 

Stellate reticulum 
Solid pattern 
Weak 
moderated 
strong 

 
 
10(50) 
5(25) 
5(25) 

 
 
15(75) 
4(20) 
1(5) 

0.002  
 
6(22) 
14(52) 
7(26) 

 
 
5(38) 
6(46) 
2(15) 

0.514 

WLAs 15(75) 5(25) 0.002 13(48) 7(54) 0.053 

WK negative 
WK weak 
WK moderate 

2(10) 
8(40) 
10(50) 

2(10) 
7(35) 
11 

0.292 1(4) 
6(22) 
20(74) 

1(8) 
9(69) 
3(23) 

0.042 

DC negative 
CD weak 
CD moderate 

0 
7(35) 
10(50) 

0 
10(50) 
11(55) 

0.512 0 
7(26) 
20(74) 

1(8) 
8(62) 
4(31) 

0.061 

Macrophages 
Negative 
Weak 
Moderate 

 
3(15) 
6(30) 
11(55) 

 
7(35) 
13(65) 
1(5) 

0.000  
2(7) 
14(52) 
11(41) 

 
1(8) 
9(69) 
3(23) 

0.689 

Giant cells 16(80) 8(40) 0.000 20(74) 11(85) 0.376 

Hemosiderin 16(80) 6(30) 0.000 20(74) 11(85) 0.376 

Inflammation 
Negative  
Weak 
Moderate 
Strong 

 
1(5) 
3(15) 
6(30) 
10(50) 

 
0 
11(55) 
8(40) 
1(5) 

0.047  
0 
11(41) 
13(48) 
4(15) 

 
0 
10(77) 
13(100) 
0 

0.001 



Martha Lilia Tena-Suck et al., AJOHC, 2021, 4:12 

 AJOHC: https://escipub.com/american-journal-of-histology-and-cytology/           5

Granuloma 
Negative 
Weak 
Moderate 

 
3(15) 
12(60) 
5(20) 

 
8(40) 
8(40) 
4(20) 

0.441  
14(52) 
9(33) 
4(15) 

 
6(46) 
4(31) 
3(23) 

0.812 

Cleft cholesterol 12(60) 6(30) 0.053 20(74) 11(85) 0.376 

OMF 13(65) 7(35) 0.441 20(74) 11(85) 0.376 

Fibroblast 16(80) 6(30) 0.000 20(74) 11(85) 0.376 

Finger protrusions 15(75) 4(20) 0.067 17(63) 4(31) 0.023 

 

There was a statistically significant difference in 

the presence of greater WLAs (0.002), macro-

phages (p=0.002), giant cells (p=0.000), hemo-

siderin (p=0.000), peritumoral fibroblasts 

(p=0.000), and SR with solid appearance 

(p=0.047) with recurrent tumors versus those 

with no recurrent. 

Both recurrent and non-recurrent tumors had 

more cellular atypia in the external epithelium, 

moist keratin, inflammation, granuloma for-

mation, cholesterol crystals, OMF presence, fi-

broblast proliferation, and finger protrusions 

production in the patients studied. They were, 

however, not statistically significant. Only the 

presence of inflammation was a statistically sig-

nificant value in invasive tumors (p=0.001). 

There were no statistically significant differences 

between tumors that were brain invasive and 

those that were not. However, WLAs, inflamma-

tion, macrophages, wet keratin, and dystrophic 

calcifications are more common in these inva-

sive tumors. 

Immunohistochemistry results 

 

 

Figure 1. Heatmap showing the different primary antibodies used between the different histological features of AdaCPs 

in (a) recurrent tumors and (b) in the non-recurrent tumor. (c) Heatmap of the associations between TFs and β-catenin 

and in (d) the association between TFs +TNFα is observed. 

 

Figure 1 depicts immunohistochemistry results 

based on the different primary antibodies em-

ployed.  In the heat map, we observed that 

STAT 4 was higher in EE, FP, and BI in the 

recurrent compared to non-recurrent ones. 

STAT 6 was higher in the recurrent non-recur-

rent pathways in WLA and BI. HDAC1 and 

HCAC2 were both negative in recurring cases 
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and mild in non-recurring cases. β-catenin was 

expressed higher in WLAs and FPs in recurrent 

tumors. BFGF, DPGF, EGF expressed higher 

immunoreaction in BI, EE, and FP. Its expres-

sion was higher in WLA and FP in recurrent 

tumors, while Nfr2 and GFRA2 were the same in 

BI and FP tissue in both tumors, and Nfr2 was 

higher in WLA in recurrent ones. TNFα was 

higher immunoreaction in BI, FP, WK, and WLA 

in recurrent than in non-recurrent. 

 

 

Figure 2: Characteristics of immunohistochemistry. (a)  STAT2 was found to be positive in EE, SR, and (b) nuclear 

immunoreaction in WLA. (c) nuclear and cytoplasmic positive immunoreaction in the periphery of WK and DC basal 

cells, and (d) nuclear positive immunoreaction in the finger protrusions' peripheral epithelium. (e) STAT3 was shown to 

be positive in EE, SR, (f) strong cytoplasmic immunoreaction in WLA. (g) Nuclear and cytoplasmic positive immunore-

action in the basal cell of the periphery of WK and DC. (h) cytoplasmic positive immunoreaction in the peripheral epi-

thelium of finger protrusions. (i) STAT6 was positive in EE and SR, (j) strong cytoplasmic and some cells with nuclear 

immunoreaction in WLA, (k) cytoplasmic positive immunoreaction in WK and DC periphery and endothelial cells, and (l) 

cytoplasmic positive immunoreaction in the peripheral epithelium and endothelial cells in finger protrusion. (m) HDAC1 

was nuclear positive in cells in EE and SR, (n) strong cytoplasmic and some cells with nuclear immunoreaction in WLA, 

(ñ) nuclear and cytoplasmic positive immunoreaction in the basal cell of the periphery of WK and DC, and (o) finger 

protrusions cytoplasmic strong nuclear positive immunoreaction in the peripheral epithelium (Fig. 1o). (IHQ stain x400, 

original magnifications). 

 

STAT2 was positive in EE, SR (Fig.2a), nuclear 

immunoreaction in WLA was found (Fig. 2b). As 

well as nuclear and cytoplasmic positive immu-

noreaction in the basal cell of the WK and DC 

peripherical of (Fig. 2c). Finger protrusions were 

nuclear positive as immunoreaction in the pe-

ripheral epithelium (Fig. 2d).  

STAT 3 was positive in EE, SR (Fig. 2e), strong 

cytoplasmic immunoreaction in WLA (Fig. 2f), 

nuclear and cytoplasmic positive immunoreac-

tion in the peripherical basal cell of WK and DC 

(Fig. 2g). Finger protrusions were cytoplasmic 

positive immunoreaction in the peripheral epi-

thelium (Fig. 2h). 

STAT6 was positive in EE, SR (Fig 2i), strong 

cytoplasmic, and some cells with nuclear immu-

noreaction in WLA (Fig. 2j). The cytoplasmic 

positive immunoreaction was found in the 
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peripherical basal cell of WK and DC and in en-

dothelial cells (Fig. 2k). While the finger produc-

tion was cytoplasmic positive immunoreaction in 

the peripheral epithelium and endothelial cells 

(Fig. 2l). 

HDAC1 was nuclear positive in cells within EE 

and SR (Fig. 2m), in strong cytoplasm, and 

some cells with nuclear immunoreaction in WLA 

(Fig. 2n), nuclear and cytoplasmic positive im-

munoreaction in the basal cell of the peripherical 

of WK and DC (Fig. 2ñ). Finger production was 

cytoplasmic in strong nuclear positive immuno-

reaction in the peripheral epithelium (Fig. 2o). 

 

 

Figure 3. Immunohistochemistry features. (a) β-catenin was cytoplasmic positive in cells within EE and SR, (b) strong 

cytoplasmic, and some cells with nuclear immunoreaction in WLA. (c) Nuclear and cytoplasmic positive immunoreaction 

in peripherical basal cells of WK and DC, and in (d) cytoplasmic positive immunoreaction is showed in finger protrusions 

peripheral epithelium (IHQ x400 original magnifications). (e) TNFα, moderate cytoplasmic positive immunoreaction in 

EE and SR, (f) weak cytoplasmic immunoreaction in WLA. (g) Weak positive cytoplasmic immunoreaction in the basal 

cell of the peripherical of WK and DC and in macrophages, and in (h) cytoplasmic positive immunoreaction in the pe-

ripheral epithelium of the finger protrusions, in vessels and inflammatory cells (i) and (j), shows TTF1 positive reaction 

in OMF (proteinaceous material), and in giant multinucleated cells and WK in (k) and in FR in (l). (m) Anti-Nrf2 was 

moderate cytoplasmic positive in EE and SR, (n) weak cytoplasmic immunoreaction in WLA, (ñ) weak positive cytoplas-

mic immunoreaction in macrophages, and de finger protrusions, vessels, inflammatory cells in and RF was cytoplasmic 

positive immunoreaction (o).  NFR75 positive reaction in EE (p), WLAs in membranal form(q) (IHQ stain x400), focally 

in the nest in brain adjacent tissue in (r), and RFs(s) (IHQx200). 

 

β-catenin was cytoplasmic positive in cells within 

EE and SR (Fig. 3a), strong cytoplasmic, and 

some cells with nuclear immunoreaction in WLA 

(Fig. 3b), nuclear and cytoplasmic positive im-

munoreaction in the basal cell of the peripherical 

of WK and DC (Fig. 3c). Finger protrusions were 

cytoplasmic positive immune- reaction in the pe-

ripheral epithelium (Fig. 3d).  

TNFα was moderate as cytoplasmic positive 

cells in EE and SR (Fig 3e), weak cytoplasmic 

immunoreaction in WLA (Fig. 3f), there was 

weak cytoplasmic positive immunoreaction in 

the peripherical basal cell of WK and DC and in 

macrophages (Fig. 3g). Finger protrusions were 

cytoplasmic positive immunoreaction in the pe-

ripheral epithelium and vessels and inflame-  
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matory cells (Fig. 3h). 

TTF1 was positive in OMF (Fig. 3i and 3j), in gi-

ant multinucleated cells, in WK (Fig. 3k), and in 

FR (fig. 3l). Anti-Nrf2 and GFRA2 were moder-

ate in cytoplasmic positive cells within EE and 

SR (Fig. 3m), weak cytoplasmic immunoreaction 

was found in WLA (Fig. 3n), as well as positive 

weak cytoplasmic positive immunoreaction in 

macrophages (Fig. 3ñ). Finger protrusions were 

cytoplasmic positive with immunoreaction inside 

vessels and inflammatory cells and RF (Fig. 3o). 

STAT1 and GATA3 were negative with immuno-

reaction in all the histological features in both 

AdaCPs types.    

Confocal microscopy results 

STAT2 and β-catenin were positive in the exter-

nal epithelium and expressed (Fig. 4a-4d). As in 

the WLAs, there was coexpression (Fig. 4e-4h). 

Likewise, STAT 4(Fig 4i-4l) and STAT 6 were 

expressed in the WLAs (Figs. 4m – 4p). STAT4 

did not co-express with β-catenin. HDAC1 is 

positive in the external epithelium and was neg-

ative in the WLAs. They did not co-express with 

β-catenin, however (Fig. 4i-4l). STAT6 coex-

pressed with -catenin (Fig. 4m-4p). In the WLAs, 

HDAC1 did not coexpress with β-catenin (Fig. 

5a-5d) or HDAC2 (Fig. 5e-5h). TNFα was shown 

to be coexpressed with STAT3 and STAT2 (Fig. 

5e-5h). 

Despite the lack of statistical significance, the 

association between the several primary anti-

bodies utilized and the histology figures revealed 

an increase in the expression of STAT3, STAT6, 

HDAC1, HDAC2 + β-catenin and in association 

with TNFα in recurrent versus non-recurrent tu-

mors. 

 

 

Figure 4. Confocal microscopy by double immunoflourece images illustrating the TFs deferments in association with β-

catenin. As showed: (a) the immunoexpresion of STAT-2 (green), (b) β-catenin (red), (c) DAPI (blue) and (d) marge.  

STAT3 + β-catenin in (e), (f), (g) and (h). STAT4+ β-catenin in (i) (j), (k), and (l).  STAT6+ β-catenin in (m), (n), (o), and 

(p). HDAC1+ β-catenin in (q), (r), (s) and (t). HDAC2 in(u), (w), (x) and (y).  
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Figure 5.  Confocal microscopy by double immunoflourece images showing the TFs deferments in association with 

TNFα. Observation of (a) STAT3 (red) positive immunoreaction, (b) TNFα in (green), DAPI in (blue) and in marge in (d). 

STAT4 + TNFα in (e), (f), (g), and (h). HDAC1+ TNFα in (i), (j), (k) and (l). and HDAC2+ TNFα positive reaction in (m), 

(n), (o) and (p). 

 

Discussion  

Transcription factors like Sox2, Sox9 OCT-4, 

KLF4, CD44, and CD133 (Prominin 1), SRY-re-

lated HMG Box [7], are well-known stem cell 

markers studied to be involved in pituitary devel-

opment [7,8]. Several stemness markers have 

been previously studied in AdaCP cell clusters 

associated with nuclear β-catenin accumulation 
[7]. Still, it has been shown before that Sox9 over-

expression is identified with Wnt/β-catenin sig-

naling activation in CPs [8]. These facts are fas-

cinating concerning CPs as β-catenin accumu-

lating cells with subsequent Wnt signaling acti-

vation are the marker of AdaCP [7]. 

We believe that each structure or histological 

feature that forms in the tumor context repre-

sents different changes associated with various 

transcription factors, and in association with ei-

ther rupture of the external epithelium and exit of 

the OMF into the adjacent brain tissue [9], senes-

cence [10], oxidative stress factors, or an intense 

reaction of the tumor-specific cellular environ-

ment in the surrounding brain tissue [11,12]. 

The positive immunoexpression of STAT3 and 

6, HDAC1, TNFα, DPGF, βFGF in these areas 

was observed in several vessels. As well as the 

participation of angiogenic factors, inflammatory 

processes, and tumor spread. Formation of fin-

ger-like tumors protrusions and brain adjacent 

invasion was also prevailing [1,7,8]. Additionally, 

WLA presence was related to the greater anom-

alous or nuclear β-catenin expression [9]. These 

data suggest that Wnt pathway activation con-

tributes to the pathogenesis and prognosis of 

AdaCPs [10]. Stronger β-catenin immunostaining 

is associated positively with tumor progression. 

MYC [10] Wnt pathway genes have been overex-

pressed in AdaCPs harboring CTNNB1 muta-

tions and in patients with progressive disease 

[9,10]. On the one hand, the β-catenin mutation 

has been known as the key inflammatory medi-

ator NF-κB in response to upregulated Wnt/β-

catenin activation [9,12]. On the other hand, β-

catenin-accumulating cluster cells and palisad-

ing epithelium have been observed, surrounded 

by a florid glial reaction and the immune micro-

environment [7,9–14]. 
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STATs are cytoplasmic latent proteins discov-

ered in the context of cytokine signaling and 

growth factor signaling. These are frequently 

linked with AdaCPs and malignant transfor-

mation in themselves and other brain tumors [5,6]. 

In this analysis, we observed indeed that 

STAT2, STAT3, STAT6, and HDAC1 were 

strongly positive in tumors. But most importantly, 

these proteins are linked to the inflammatory re-

sponse [16].   

STAT3 aids critical roles in some cellular pro-

cesses, including cell cycle, cell proliferation, 

cellular apoptosis, and tumorigenesis [6], the out-

put of which is to modulate gene expression. In 

addition, it induces tumor angiogenesis by vas-

cular endothelial growth factor induction upregu-

lation modulating immune functions [15], induces 

microglia and macrophage activation [16], and in-

hibited tumor growth [15]. In various cancer types 

resulting in substantial adverse effects, such as 

drug resistance and poor prognosis.      

STAT6 has been demonstrated to control nu-

merous pathologic inflammatory responses. Cy-

tokines IL-4 and IL-13. And also interacted with 

and immune cells (B and T cells, macrophages, 

dendritic cells, and innate lymphoid cells in brain 

tumors [17]. STAT6 signaling inactivation can oc-

cur via ubiquitination and proteasomal degrada-

tion, facilitating cancer cell survival in a hypoxic 

microenvironment [18]. STAT6 increases HIF-1α 

expression via mTOR/S6K/S6 [17,19]. Expression 

of stat6 in Cps is correlated to tumor invasion 

and recurrent tumors.  

Histone deacetylases (HDACs) have the role of 

being involved in its impacted pathways as stem 

cell maintenance, including Wnt, Notch, cell cy-

cle, and transcriptional misregulation in cancer 

[20]. HDAC1 and HDAC3 have been examined as 

inversely correlated with survival, including cell 

cycle, apoptosis, DNA-damage response, and 

autophagy [20]. HDAC inhibitors (HDACi) effec-

tively inhibit tumor growth and progression [20]. 

Gene silencing of HDAC1 and HDAC2 resulted 

in increased cytokine production, NF-κB nuclear 

translocation induced HDAC2 activity. Thus, 

macrophage expression was reduced, resulting 

in amplification of the inflammatory response 
[20,21]. Since HDAC1 and HDAC2 are not coex-

pressed with β-catenin in WLA. So, we consider 

that they are growth inhibitors and CPs invasion.    

Those surrounded by a florid glial had a reaction 

with immune cells, βFGF, TGFB, and BMP fam-

ilies of secreted factors. Besides, signaling to 

adjacent cells was evidenced by immunostain-

ing against the phosphorylated proteins 

pERK1/2, pSMAD3, and pSMAD1/5/9 [7]. We 

found a strong expression of βFGF, DPGF, 

TNFα in association with inflammation.  

HDAC2 gene regulator acts in the cell cycle, 

apoptosis, cell adhesion, suppresses inflamma-

tory gene expression and migration, and ap-

pears to be secondary to increased oxidative 

and nitrative stress [21]. Together with HDAC1, 

HDAC2 regulates genes transcription as they 

are implicated in hematopoiesis, epithelial cell 

differentiation. In our analyzed cases, they were 

positive in the EE, SR, and WLA. However, they 

did not co-express with β-catenin expression. 

Histones deacetylation is associated with the 

transcriptional silencing pathway [12], and in CPs 

they are growth and invasion inhibitors. 

The AdaCP Intracystic OMF has been revealed 

to contain inflammatory modulators. Thymosins 

β4 and β10 have been identified in AdaCPs 

cystic fluid [11–13]. As well as apolipoproteins, al-

bumin, IL1B, IL6, IL8, IL10, IL18, TNFα, and 

IFNG in the cystic OMF have been identified [7]. 

The cases allowed us to reveal enrichment for 

terms related to immune/defense response, in-

flammation, and sterol metabolism and in tumor 

behavior [9,10,12]. When OMF exiting produces 

overexpression of HDAC1 and TNFα and stimu-

lation of epithelial cells. As well as an intense in-

flammatory response that could be inhibitory to 

tumor growth. 

Extracellular matrix activation and overexpres-

sion of βFGF, DPGR, TNFα, Nrf2, and GFRA2 

suggests that when OMF exits out of the tumor, 

it is mediated by an intense inflammatory re-

sponse. As well as by STATs and HDAC1 mod-

ifying the tumor microenvironment [22].  
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Nrf2, other transcription factor partners as well 

by forming a nuclear complex with the ubiquitin-

conjugating enzyme UbcM2. It is involved in in-

flammatory diseases [23] and might be a useful 

biomarker to predict gliomas grade. It could po-

tentially be associated with the migration and in-

vasion — as well as with renewal — of glioma 

stem cells' cellular tumors behavior [23,24]. Nfr2 

expression in CPs is directly related to the giant 

cells and in the basal cells of the WK formations 

and the formation of cholesterol crystals [23]. 

In summary, the STATs and other growth factors 

seem to play essential roles not only in CPs for-

mation. But also in processes involving the tu-

mors that develop surrounding the brain paren-

chyma. The inverse relation of expression and 

activation of the Wnt signaling pathway in 

AdaCP is particularly interesting. Because im-

munohistochemistry clearly demonstrates a 

possible impact of β-catenin cellular distribution 

pattern as being essential for subsequent Wnt 

target gene activation. In the inflammation pro-

cesses activation, there is an activation of MC 

secondary to proliferation and tumor recurrence. 

In the future, these relations should be investi-

gated on the molecular level in more detail. His-

tones deacetylation is associated with the tran-

scriptional silencing pathway. And in cranio-

pharyngiomas, they are growth and invasion in-

hibitors. HDACs could be a drug target in pedi-

atric and adult PCs. 
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