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Abstract. Adamantinomatous craniopharyngioma (ACP) is a 
benign epithelial tumor of the sellar region. Whether primary 
human cell cultures can be used as a stable research model 
has yet to be determined. The characteristics of three cultured 
craniopharyngioma primary cell (CPC) lines were identified 
using immunofluorescence. The culture duration for each CPC 
line was 10, 20 and 30 days. Cell lines and paired parental 
tumor tissues were subsequently analyzed using transcriptome 
sequencing (RNA‑Seq). Transcriptomic differences between 
ACP tissues and CPC lines were compared. CPCs maintained 
the original epithelial lineage markers, including pan‑cyto-
keratin and epithelial cell adhesion molecule. However, the 
Pearson's correlation coefficient of transcriptomes between 
each pair of CPC lines and ACP tissues decreased from 
0.657 (cultured for 10 days) to 0.61 (cultured for 20 days) and 
further to 0.547 (cultured for 30 days). The number of differ-
entially expressed genes between ACP tissues and CPCs was 
increased from 1,247 (cultured for 10 days) to 1,643 (cultured 
for 20 days) and then to 1,949 (cultured for 30 days). The 
results of Gene Set Enrichment Analysis demonstrated that 
the diversity of gene sets increased with longer culture time. 
Significant differences in the majority of signature gene sets 
were not observed between ACP tissues and CPCs, with the 
exception of keratinization phenotype [normalized enrich-
ment score (NES)=‑2.02, false discovery rate (FDR)=0.0038] 
and epithelial cell phenotype (NES=‑1.82, FDR=0.032). Cell 
proliferation (NES=1.78, FDR=0.028) and mitosis (NES=1.93, 
FDR=0.012) were enhanced in CPCs. Therefore, primary 

human cell cultures can be used as a suitable research platform 
for ACP, however further experiments are required.

Introduction

Adamantinomatous craniopharyngioma (ACP) is a rare 
epithelial tumor of the sellar region (1). As the tumor is adja-
cent to the hypothalamus‑pituitary axis, craniopharyngioma 
is typically intractable (2). Therefore, gaining a better under-
standing of the molecular pathology of craniopharyngioma is 
of major importance for the development of targeted therapies 
to improve patient outcomes (3,4).

With the extensive application of high‑throughput omics 
in craniopharyngioma research, the understanding of the 
molecular pathology of the tumor has been further extended. 
Almost all patients with ACP have been reported to have muta-
tions in exon 3 of the catenin β1 (CTNNB1) gene (5). As a result, 
β‑catenin cannot be degraded in the cytoplasm and is translo-
cated to the nucleus, continuously activating the Wnt/β‑catenin 
pathway (6‑8). Using the mRNA microarray gene expression 
analysis method, several pharmaceutical targets have been 
identified, which have been reported to be significantly and 
consistently upregulated in ACP compared with that in pituitary 
tumors and normal pituitary tissue (9). Previous studies have also 
indicated that other signaling pathways, including the epidermal 
growth factor (EGF), NOTCH, bone morphogenetic protein 
(BMP)/fibroblast growth factor (FGF) and Sonic hedgehog 
(Shh) pathways are involved in ACP tumorigenesis (8,9).

In order to better understand this disease, several models 
of ACP have been established  (5‑8), ranging from primary 
cell cultures to transgenic mouse models. Two murine models 
(Sox2CreERT2/+; Ctnnb1lox(ex3)/+ and Hesx1Cre/+; Ctnnb1lox(ex3)/+) 
resembling human ACP in the anterior pituitary were estab-
lished (10,11). On the other hand, craniopharyngioma primary 
cell (CPC) lines have the advantage of being derived from 
human tumors and can be used to screen pharmacological 
agents relatively easily; however, the tissue disruption required 
for cell culture means that the complex architecture of the ACP is 
lost (12). Furthermore, culture conditions cannot replicate micro-
environmental signals to the tumor from the surrounding tissue. 
To the best of our knowledge, it has yet to be examined whether 
CPC culture can be used as appropriate model of tumor tissues.

It is unclear how much difference in transcriptome between 
cultured primary cells and tumor tissues of ACP. Therefore, 
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the aim of this study was to investigate whether cultured 
primary cells in vitro can make a good simulation of tumors 
in vivo, and whether the effect of simulation is weakened with 
the prolongation of culture time.

Materials and methods

Tumor samples. A total of three ACP tumor samples were 
included in this study. Samples were obtained from three 
patients who underwent primary tumor resection at the 
Neurosurgery Department of Nanfang Hospital between May 
and July 2017. Three patients were all female, and their ages 
were 42, 56 and 59 years old. Tumor samples were collected 
during surgery and stored at 4˚C until culture procedures 
were performed. All ACP tumor samples were pathologically 
confirmed by hematoxylin and eosin staining. The staining 
was performed at 25˚C for 5 min with hematoxylin and 2 min 
with eosin. The diagnosis was made by two pathologists who 
were blinded to the conditions of the study. Written informed 
consent was provided by all subjects in accordance with the 
Declaration of Helsinki. The present study was approved by 
the local Ethics Committee of Nanfang Hospital, Southern 
Medical University.

Cell culture. ACP specimens were cultured as previously 
reported  (13‑15). Tumor tissues were washed in triplicate 
with PBS and then cut into fragments ~5 µm. Tissues were 
digested with 0.25% trypsin for 40 min, and DNase (20 µg/ml; 
Sigma‑Aldrich; Merck KGaA) was added for 5 min at 37˚C. 
Tumor cells were centrifuged at 300 x g for 5 min in room 
temperature, resuspended and cultured at 37˚C with 5% CO2. 
For the first 3 days, the culture medium was DMEM‑F12 
(Gibco; Thermo Fisher Scientific, Inc.) with 20% FBS, 
after which FBS concentration was decreased by 10% at 
each passage until it was zero. Finally, cells were cultured 
in serum‑free medium with additional 5  µg/ml insulin 
(Sigma‑Aldrich; Merck KGaA) and 10 µg/ml EGF (R&D 
Systems, Inc.) as previously described (13‑15). The anchorage 
velocity‑dependent separation method was used to exclude 
mesenchymal cells (14).

Immunofluorescence. Cells were cultured at 37˚C with 5% CO2 
in cover glass‑bottomed dishes. At 24 h, cells were washed 
with PBS and fixed in 4% paraformaldehyde for 30 min at 4˚C. 
Cells were then ruptured and blocked in 0.1% Triton X‑100 
and 5% BSA at 25˚C for 30 min. Cells were incubated at 4˚C 
overnight with primary antibodies, including pan‑cytokeratin 
(pan‑CK; dilution, 1:100; cat. no., ab7753; Abcam) and epithe-
lial cell adhesion molecule (EpCAM; dilution 1:100, cat. 
no., ab32392; Abcam), followed by incubation at 25˚C for 1 h 
with Alexa Fluor 488 anti‑mouse or 594 anti‑rabbit secondary 
antibody (dilution, 1:1,000; cat. nos. A‑11001 and A‑11012; 
Invitrogen; Thermo Fisher Scientific, Inc.). Nuclei were coun-
terstained with DAPI (Sigma‑Aldrich; Merck KGaA). Images 
were captured on an inverted LSM880 confocal system 
(magnification, x400; Zeiss AG).

Western blot analysis. Cells were lysed in RIPA Buffer 
(50 Mm Tris‑HCl pH 8.0, 1 mM EDTA pH 8.0, 5 mM DTT, 
2% SDS), and the protein concentration was determined using a 

BCA assay (Beyotime Institute of Biotechnology). Total protein 
(30 µg) was resolved using 10% SDS‑PAGE gel, electro‑trans-
ferred to polyvinylidene fluoride membranes (Invitrogen; 
Thermo Fisher Scientific, Inc.) and blocked with 5% non‑fat dry 
milk at 25˚C for 1 h in Tris‑buffered saline (pH 7.5). Membranes 
were immunoblotted overnight at 4˚C with rabbit monoclonal 
antibodies at a dilution of 1:1,000, including keratin 5 (cat. 
no., 25807), E‑cadherin (cat. no., 3195), vimentin (cat. no., 5741) 
and GAPDH (cat. no., 2118), all purchased from CST Biological 
Reagents Co., Ltd. A HRP‑conjugated anti‑rabbit IgG antibody 
was used as the secondary antibody (dilution, 1:2,000; cat. 
no., 7074; CST Biological Reagents Co., Ltd.). The incubation 
was performed at 25˚C for 1 h. Signals were detected using 
enhanced chemiluminescence reagents (EMD Millipore). 
Signal intensities were obtained using ImageJ software (v1.51, 
National Institutes of Health).

RNA‑Seq library preparation and sequencing. Total RNA 
was extracted from all three surgical specimens and the 
corresponding primary cells. The RNA concentration was 
measured using a Qubit® RNA Assay kit in a Qubit® 2.0 
Fluorometer (both from Thermo Fisher Scientific, Inc.), 
and RNA integrity was assessed using the RNA Nano 6000 
Assay kit with the Bioanalyzer 2100 system (both from 
Agilent Technologies, Inc.) according to the manufacturer's 
protocol. A total of 3 µg RNA per sample was used as the 
input material. Ribosomal RNA (rRNA) was removed using 
an Epicentre Ribo‑zero™ rRNA Removal kit (Epicentre; 
Illumina, Inc.), according to the manufacturer's protocol. 
Subsequently, sequencing libraries were generated using 
rRNA‑depleted RNA with the NEBNext® Ultra™ Directional 
RNA Library Prep kit for Illumina® (New England BioLabs, 
Inc.) according to the manufacturer's protocol. PCR was 
performed with Phusion High‑Fidelity DNA polymerase, 
Universal PCR primers and Index (X) Primer. Finally, the 
products were purified (AMPure XP system), and library 
quality was assessed on the Agilent Bioanalyzer 2100 system. 
Clustering of the index‑coded samples was performed using 
a cBot Cluster Generation System with a TruSeq PE Cluster 
kit v3‑cBot‑HS (Illumina, Inc.). Following cluster genera-
tion, the libraries were sequenced on an Illumina Hiseq 
X‑ten platform and 150‑bp paired‑end reads were generated 
(sequenced by Novogene Co., Ltd.).

Data analysis. Raw data of fastq format were firstly 
processed through in‑house perl scripts. Clean data were 
obtained by removing reads containing adapter or poly‑N 
and low‑quality reads from the raw data. All downstream 
analyses were performed using the clean high‑quality data. 
The reference genome index was built using Bowtie2 v2.2.8 
software (16) and paired‑end clean reads were aligned to the 
reference genome using HISAT2 software (v2.0.4) (17,18). 
StringTie software (v1.3.1) (19) was used to calculate the 
fragments per kilobase of exon per million fragments 
mapped (FPKMs) of coding genes in each sample  (20). 
Gene FPKMs were computed by adding the FPKMs of the 
transcripts in each gene group. Ballgown R package (21) 
was used to compare all transcripts across conditions 
and produces tables and plots of differentially expressed 
genes and transcripts. Transcripts with q‑value <0.05 were 
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designated as differentially expressed. Genes were ranked 
using the pre‑ranked tool in Gene Set Enrichment Analysis 
(GSEA) (v3.0, Broad Institute). Gene sets were downloaded 
from the hallmark molecular signatures database (v6.1; 
Broad Institute) (22,23).

Statistical analysis. Statistical analyses were performed 
using GraphPad Prism (v7.0 GraphPad Software, Inc.). The 
Pearson's correlation coefficient was used to assess the asso-
ciation between two groups. The results are presented as the 
mean ± standard deviation. When calculating the expression 
value of signature genes, a two‑tailed Student's t‑test was 
performed to compare the means of two groups. ImageJ soft-
ware (v1.51, National Institutes of Health) was used to process 
semi‑quantitative analysis of the densitometry obtained from 
western blot experiments. All western blot and immunofluo-
rescence experiments were performed in triplicate. One‑way 
ANOVA was performed to compare the group means followed 
by Tukey's post hoc test. P<0.05 was considered to indicate a 
statistically significant difference. No samples were excluded 
from the analyses.

Results

Morphological evolution of primary cells. The initial CPCs 
exhibited a paving stone‑like appearance and spontaneously 
formed keratin pearls (Fig. 1A and B). With increased culture 
time and passages (10, 20 and 30  days), cell morphology 
gradually changed from the initial epithelial irregular polygon 
shape to a spindle shape, and further stabilized in the latter 
form (Fig. 1C‑F).

CPCs maintain the properties of epithelial cells. Pan‑CK and 
EpCAM are classical epithelial markers (24). The expression 
of pan‑CK and EpCAM was measured in cells cultured for 
10 days (CPC1), 20 days (CPC2) and 30 days (CPC3) using 
immunofluorescence. The results demonstrated that pan‑CK 
and EpCAM remained positively expressed as culture time 
increased (Fig. 1G). The epithelial properties of CPCs did 
not change even with prolonged culture time and increased 
passages.

Transcriptome differences between ACP tissues and CPCs. To 
analyze the characteristics of CPCs and identify whether they 
can be used as a stable research model, three pairs of CPCs 
and their parental ACP tissues were analyzed using RNA‑Seq. 
Pearson's correlation coefficient was used to compare the 
consistency of the transcriptome between CPCs and ACP 
tissues. With increased cell culture time, the correlation coef-
ficient decreased from 0.657 (CPC1) to 0.610 (CPC2) and then 
to 0.547 (CPC3) (Fig. 2A‑C). This indicated that the difference 
of transcriptome between CPCs and ACP tissues increased 
with prolonged culture time.

The heat map revealed that the correlation coefficient was 
high (>0.8) for the three ACP tissues; however, as culture time 
increased, the transcriptome correlation coefficient between 
ACP tissues and CPCs decreased gradually. The correla-
tion coefficient among CPC groups also decreased gradually 
with increased culture time (CPC3 vs. CPC2, 0.900; CPC3 vs. 
CPC1, 0.573; CPC2 vs. CPC1, 0.604) (Fig. 2D).

Differential gene expression between ACP tissues and CPCs. 
Differentially expressed genes and samples were hierarchi-
cally clustered. The results suggested that ACP tumor tissues 
and CPCs were grouped into two categories (Fig. 3A), and they 
were represented by black and white. This indicated that the 
intra‑group similarity between tumor tissues and primary cells 
was greater compared with the similarity between groups. To 
further analyze the differential gene expression between CPCs 
and ACP tissues, differential genes were screened using the 
standard criteria, including FPKM >1 and q‑value <0.05. The 

Figure 1. Morphology and lineage identification of primary cells. At the start 
of culture, primary cells exhibited paving stone‑like appearance and sponta-
neously formed keratin pearls on (A) the second and (B) the third day of CPC 
culture. With the prolongation of culture time and passages, the morphology 
of cells gradually changed from the initial epithelial irregular polygon shape 
to spindle shape. (C) Cells in low density; magnification, x200. (D) Cells in 
low density; magnification, x400. (E) cells in high density; magnification, 
x200. (F) Cells in high density; magnification, x400. (G) Double immunos-
taining of long‑term cultured CPCs (CPC1, CPC2 and CPC3) demonstrated 
that pan‑CK and EpCAM remained positive with prolonged culture time, 
although cell morphology had changed. Scale bars: A, B, C and E, 100 µm; 
D, F and G, 50 µm. CPCs, craniopharyngioma primary cells; CPC1, 10 days 
culture; CPC2, 20 days culture; CPC3, 30 days of culture; pan‑CK, pan‑cyto-
keratin; EpCAM, epithelial cell adhesion molecule.
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results indicated that the number of differentially expressed 
genes was increased between ACP tissues and CPCs in a 
culture time‑dependent manner; the number of differentially 
expressed genes (DEGs) was increased from 1,247 (CPC1) to 
1,643 (CPC2) and further to 1,949 (CPC3). Compared with 
the ACP tissues, the number of upregulated genes in CPCs 
was 901 (CPC1), 1,359 (CPC2) and 1,453 (CPC3), whereas the 
number of downregulated genes was 346 (CPC1), 284 (CPC2) 
and 496 (CPC3) (Fig. 3B).

The transcriptome information for GSEA analysis 
was subsequently used to identify DEG sets between ACP 
tissues and CPC. The results showed that the diversity of gene 
sets between ACP tissues and CPCs increased with culture 
duration (FDR <0.25; P<0.01 and P<0.05). DEG sets increased 
from 19 to 203 and further to 405 under the criteria of FDR 
<0.25; DEG sets increased from 330 to 814 and then to 877 
under P<0.01, whereas DEG sets increased from 1,075 to 1,943 
and then to 2,083 when P<0.05 (Fig. 3C).

Similarities and differences between characteristic genes 
and gene sets in ACP tissues and CPCs. In order to illustrate 
the simulation potential of CPC models for ACP tissues, 20 
ACP‑characteristic genes were selected based on previous 
reports  (9) and the differences in these genes between 
ACP tissues and CPCs were analyzed. The results demon-
strated that the majority of the genes were not significantly 

differentially expressed in the tumors and cultured cells. No 
significant difference was observed in the expression of the 
following genes (tumors vs. primary cells): Amphiregulin 
[AREG; fold‑change (FC)=0.588; P=0.734], a member of 
the epidermal growth factor family; epidermal growth factor 
receptor (FC=0.919; P=0.705); EPH receptor A2 (FC=0.638; 
P=0.599), which belongs to the ephrin receptor subfamily of 
the protein‑tyrosine kinase family, and MUC1 (FC=0.512; 
P=0.479), encoded a membrane‑bound protein for forming 
protective mucous barriers on epithelial surfaces. However, a 
number of significant gene changes were identified, including 
TNF superfamily member 11 (FC=21.99; P=0.003), SRC 
proto‑oncogene (FC=1.352; P=0.013), interleukin 2 receptor 
subunit β (FC=23.636; P=0.009) and interleukin 6 receptor 
(FC=3.496; P=0.035), which were involved in cell proliferation, 
differentiation and immune responses (Fig. 4A).

GSEA was performed for all samples and selected char-
acteristic gene sets (‘Wnt/β‑catenin pathway’, ‘Inflammation’, 
‘TGF‑β pathway’, ‘EGF pathway’, ‘Shh pathway’ and 
‘BMPs/FGFs’) were selected for further analysis. No 
significant differences were observed between ACP tissues 
and CPCs in the majority of the characteristic gene sets 
(Fig. 4B‑G). However, in CPC, the ‘keratinization’ [normal-
ized enrichment score (NES)=‑2.02, false discovery rate 
(FDR)=0.0038] and ‘epithelial cell proliferation’ (NES=‑1.82, 
FDR=0.032) phenotypes were significantly weakened. At the 

Figure 2. Consistency of transcriptome between ACP tissues and CPCs. With increasing culture time, the correlation coefficient of transcriptome between 
ACP tumors and CPCs gradually decreased. (A‑C) Transcriptome correlation between tissues and cells at (A) 10, (B) 20 and (C) 30 days of culture. (D) The 
heatmap of the correlation coefficient was at a high level (>0.8) among the three ACP tissues, whereas with increased culturing time, the correlation coefficient 
of transcriptome between ACP tissues and CPCs gradually decreased. Deeper blue represents stronger correlation. ACP1, 2 and 3 respectively represent 
tumor tissues used to culture CPC1, 2 and 3. ACP, adamantinomatous craniopharyngioma; CPCs, craniopharyngioma primary cells; CPC1, 10 days culture; 
CPC2, 20 days culture; CPC3, 30 days of culture; FPKMs, fragments per kilobase of exon per million fragments mapped.
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same time, cell proliferation‑ (NES=1.78, FDR=0.028) and 
mitosis‑ (NES=1.93, FDR=0.012) associated phenotypes were 
significantly enhanced (Fig. 5A‑H).

Western blot analysis of tumor tissues and primary cells 
after different culture times was used to detect the attenuation 
of primary cell epithelialization and keratinization pheno-
types. Keratin 5, a marker of the keratinization phenotype, 
and E‑cadherin, a marker of the epithelial phenotype, were 
significantly downregulated, whereas vimentin, a marker of 
the mesenchymal phenotype, was significantly upregulated in 
CPCs compared with APC tissues (Fig. 5I).

Discussion

Craniopharyngioma is a rare type of intracranial tumor (1,4). 
The use of transgenic mouse models has resulted in 
breakthroughs in craniopharyngioma research  (10,25). 
Craniopharyngioma is a tumor with a low frequency of 
mutation, therefore transgenic mice modified to express the 
known CTNNB1 gene mutation can be used to simulate human 
craniopharyngioma  (5,26‑28). However, the animal model 
cannot fully simulate human craniopharyngioma considering 

species differences and complex clinical manifestations in 
patients, especially the multiple manifestations of hormonal 
abnormalities. Basic research into human craniopharyngioma 
has been progressing slowly in recent years, which may be 
due to the lack of a stable and accessible research platform for 
human ACP.

Craniopharyngioma is a benign tumor, and therefore it is 
challenging to produce a stable cell line; when the cells are 
not immortalized, the primary cells exhibit growth stagnation 
and trait changes in the late stage of in vitro culture. Primary 
cells are one of the most important research platforms at this 
stage (12). Whether primary cells can effectively simulate the 
tumor microenvironment remains unknown. The transcrip-
tome represents the entire manifestation of RNA transcripts 
in cells or tissues and DEGs at various life stages, in different 
tissue types, physiological states and environmental conditions. 
Transcriptome analysis provides a comprehensive under-
standing of gene expression and its regulation (29). RNA‑Seq is 
a powerful tool used for the comprehensive characterization of 
the whole transcriptome at both the gene and exon levels (30). 
RNA‑Seq is based on next generation sequencing technology. 
Compared with traditional technology, which can only be used 

Figure 3. Description of differentially expressed genes and gene sets between tumor samples and primary cells. (A) Hierarchical clustering analysis of differ-
ential genes between ACP tissues and CPCs demonstrated that samples were divided into two categories. ACP tissues and CPCs are represented by black and 
white. (B) Comparison of differentially expressed genes between ACP tissues and CPCs. With the increase of culture duration, the number of differential genes 
increased significantly. (C) GSEA revealed that with prolonged incubation time, the diversity of gene sets between ACP tissues and CPCs also increased. ACP1, 
2 and 3 respectively represent tumor tissues used to culture CPC1, 2 and 3. ACP, adamantinomatous craniopharyngioma; CPCs, craniopharyngioma primary 
cells; CPC1, 10 days culture; CPC2, 20 days culture; CPC3, 30 days of culture; FPKMs, fragments per kilobase of exon per million fragments mapped; FDR, 
false discovery rate; GSEA, Gene Set Enrichment Analysis.
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detect known genes, RNA‑Seq is a cost‑efficient technology 
that can detect almost all genes expressed in samples, including 
novel genes and dynamic changes in gene expression (31‑34). 
RNA‑Seq technology was used in this study to detect genetic 
differences between tumor samples and primary cells and to 
demonstrate whether primary cells can be used as a model for 
ACP research at the gene level.

Changes in the morphology and properties of CPCs were 
first compared following culture for different durations. The 

results revealed that the morphology of primary cells notably 
changed with increased culture time. The morphology of 
primary cells changed from an epithelial to a stromal state, 
but maintained original epithelial lineage markers, including 
pan‑CK and EpCAM.

ACP tissues and CPCs were further analyzed using RNA‑Seq 
analysis. To the best of our knowledge, this was the first time 
that transcriptome differences between ACP tissues and CPCs 
were analyzed using RNA‑Seq. The results demonstrated that 

Figure 4. Description of differential characteristic genes and gene sets between ACP tissues and CPCs. (A) The majority of characteristic genes and 
possible therapeutic targets between ACP tissues and CPCs were not significantly different. (B‑G) GSEA revealed that characteristic gene sets, including 
(B) ‘Wnt/β‑catenin pathway’, (C) ‘Inflammation’, (D) ‘TGF‑β pathway’, (E) ‘EGF pathway’, (F) ‘Shh pathway’ and (G) ‘BMPs/FGFs’ were not significantly 
different between ACP tissues and CPCs. *P<0.05 and ***P<0.001. ACP, adamantinomatous craniopharyngioma; CPC, craniopharyngioma primary cells; 
FPKMs, fragments per kilobase of exon per million fragments mapped; NOM, nominal; FDR, false discovery rate; GSEA, Gene Set Enrichment Analysis; 
NES, normalized enrichment score; TGF‑β, transforming growth factor‑β; EGF, epidermal growth factor; Shh, Sonic hedgehog; BMPs, bone morphogenetic 
proteins; FGFs, fibroblast growth factors.
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the correlation between tumor tissues and primary cell tran-
scriptome gradually decreased with increased culture duration, 
whereas DEGs and GSEA‑assembled differential gene sets 
gradually increased. However, the results suggested that the 

CPCs resembled and maintained the overall genomic signatures 
of ACP tissues from which they were derived.

A number of studies have reported morphological and 
phenotypic changes in long‑term cultured cells (35‑37). This is 

Figure 5. Significantly different gene sets between ACP tissues and CPCs. (A‑D) GSEA results revealed that the gene sets associated with cell proliferation 
(A) S phase, (B) G1/S transition, (C) DNA replication and (D) cell cycle were significantly enriched in primary cells compared with ACP tissues. (E‑H) The 
epithelial phenotype‑associated gene sets (E) keratinization, (F) regulation of keratinocyte proliferation, (G) epithelial proliferation and (H) morphogenesis 
of an epithelium decreased significantly in CPCs compared with ACP tissues. (I) Western blot analysis results suggested that with prolonged culture time, 
the marker of keratinization phenotype keratin 5 and the marker of epithelial phenotype E‑cadherin were significantly downregulated, whereas the marker of 
mesenchymal phenotypes vimentin was significantly upregulated in CPCs compared with APC tissues. *P<0.05 and ***P<0.001. GSEA, Gene Set Enrichment 
Analysis; GO, gene ontology; ACP, adamantinomatous craniopharyngioma; CPC, craniopharyngioma primary cells; CPC1, 10 days culture; CPC2, 20 days 
culture; CPC3, 30 days of culture.
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consistent with the results of the present study. It was concluded 
that such changes were mainly associated with alternations in 
the tumor microenvironment. Hypoxia is likely to occur after 
long‑term cell culture, resulting in hypoxia‑inducible factor 1α 
upregulation and the subsequent activation of a series of path-
ways, including the AKT/PI3K and the transforming growth 
factor‑β1/SMAD pathways. This activation may contribute to 
the occurrence of epithelial‑mesenchymal transition. These 
pathways may also lead to enhanced invasive and proliferative 
capacities with reduced apoptosis in long‑term cultured cells.

In summary, ACP primary cells may be used as a suitable 
research platform; however, the relevant experiments should be 
concluded as early as possible to maintain consistency between 
primary cells and tumor tissues. The recommended in vitro 
culture time should be <30 days to ensure that the primary cell 
model is representative of tumor tissues. However, the present 
study is not without limitations. The sample size was small 
and thus the number of cases included in this experiment is 
insufficient. In future studies, larger sample sizes should be 
used and in vivo experiments should be performed to confirm 
the present results of the present study.
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