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Abstract: Adamantinomatous Craniopharyngioma (ACP) is a rare epithelial tumor located in the 
craniopharyngeal duct, often associated with high morbidity and a high long-term recurrence rate. ACP is 
predominantly diagnosed in children below the age of 15 and accounts for a majority of Craniopharyngioma 
cases in the United States. It is most commonly caused by a mutation in exon 3 of the CTNNB1 gene, which 
promotes overaccumulation of β-Catenin in the WNT pathway. As β-Catenin accumulates, it over-activates the 
transcription factor, causing an over-transcription of WNT proteins and uncontrolled cell growth.  Current 
methods of treatment for ACP are centered around surgical intervention and radiotherapy, including gross-
total resection (GTR), subtotal resection (STR), and a combination of subtotal resection and adjuvant 
radiotherapy (STR+XTR). These methods of treatment are associated with high risk due to the proximity of 
ACP to critical structures near the craniopharyngeal duct. High recurrence rates and morbidity are closely 
associated with current methods of treatment and other methods have yet to be attempted in 
craniopharyngioma. This review will explore two possible methods of non-surgical and non-radiological 
therapeutic interventions. The use of RNAi therapy and CRISPR may provide insight and be a potential way 
to treat ACP with increased quality of life and decreased recurrence rates.  
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Introduction 

Craniopharyngioma is an aggressive benign tumor with a global recurrence rate of nearly 27% 
and may be associated with a highly decreased quality of life [1,2]. Although craniopharyngioma is 
a WHO class I benign tumor, growth can be unpredictable, affecting the sellar region and 
surrounding areas containing critical structures such as the optic chiasma, the pituitary gland, and 
the hypothalamus[3]*. Damage to these areas commonly manifests symptoms such as endocrine 
deficiencies, visual impairments, growth retardations, nausea, weight gain, and headaches [4]*. Age 
at diagnosis is represented by a bimodal peak, one peak at 5-15 years of age and another peak at 50-
75 years of age [5,1,6]. 

Craniopharyngioma presents in two histopathological forms: adamantinomatous 
craniopharyngioma (ACP) and papillary craniopharyngioma (PCP). ACP is most commonly 
observed in children under the age of 15 but can also be observed in adults, whereas PCP is almost 
exclusively diagnosed in patients above the age of 30[7]. ACP differs histologically and pathologically 
from PCP. ACP is characterized by the nucleocytoplasmic accumulation of β-Catenin [8,9]. β-Catenin 
then over-activates the WNT pathway, causing uncontrolled proliferation [10,11,12]. On the other 
hand, PCP is associated with the mutation of BRAF V600e[13]. Despite the differences between ACP 
and PCP, outcomes following treatment for both tumors do not differ[13].  

Two major problems with craniopharyngioma are morbidity and recurrence rates post-
treatment. In a study analyzing the symptoms of 121 cases of craniopharyngioma in a follow-up 
study 10 years after initial surgery, patients had a 90% survival rate but a 48% probability of 
experiencing major visual field defects, 39% probability of experiencing hyperphagia or obesity, and 
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a high probability of experiencing other major complications 14. Additionally, in a systematic review 
of 765 craniopharyngioma cases, the aggregate global rate of recurrence was 26.2%[2]. Currently, 
three methods of treatment for craniopharyngioma are prominently used; radiotherapy, surgery, and 
a combination of both methods.  

The same meta-study reviewed the effects of  the three main methods of treatment: GTR (gross 
total resection), STR (subtotal resection), and a combination of STR+XRT (adjuvant 
radiotherapy)[2,15]. In a three year follow-up, patients treated with GTR had a recurrence rate of 
17%, patients treated with STR+XRT had a recurrence rate of 27%, and patients treated with STR had 
a recurrence rate of 45%, suggesting that GTR may be the optimal method to reduce the chances of 
recurrence [2]. Although GTR results in the lowest recurrence rates, there is a high risk of long-term 
complications such as panhypopituitarism, diabetes insipidus, hypothalamic obesity, and cognitive 
deficits, leading surgeons to predominantly treat the cases using STR and STR+XTR [16–18]. Because 
of the high risk of long-term complications and high recurrence rates presented by current methods 
of treatment, the need for a new treatment method is imperative. Therefore, this review will suggest 
RNA interference and CRISPR as alternative methods to target ACP, potentially without long-term 
complications. 

β-Catenin, WNT Pathway, and the Cause of Adamaninomatous Craniopharyngioma 

 

Figure 1. Illustration of the canonical WNT Pathway. A representation of the pathway in which WNT 
ligands are not present (left) where the destruction complex consisting of APC, CK1, Axin, and GSK3β 
surrounds β-Catenin and guides it through the degradation pathway.  A representation of the 
pathway in which WNT ligands are present (right). When WNT ligands are present, the destruction 
complex detaches from and releases β-Catenin, allowing nuclear accumulation. β-Catenin then 
infiltrates the nucleus of the cell, replacing Groucho and activating the TCF. The activation of TCF 
transcribes the WNT target genes .[19] Created using Biorender.com. . 

The WNT pathway is a critical pathway used in many vital processes such as cell proliferation 
and cell behavior [20]. When WNT ligands (secreted glycoproteins) are not present, β-Catenin 
attaches itself to a destruction complex consisting of Axin, APC, and GSK3β, and certain residues are 
produced by exon 3 in CTNNB1, the gene that codes for β-Catenin, and β-Catenin is phosphorylated. 
After phosphorylation, β-Catenin is rapidly degraded and destroyed by the destruction complex, 
thus, preventing unnecessary growth (Figure 1) [10,19]. When WNT ligands bind to frizzled, 
Dishevelled(dsh) is activated, which attracts GBP/Frat-1 and GSK3β is removed from the destruction 
compound [8,17,48]. The removal of GSK3β from the destruction compound prevents the ubiquitination 
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of CTNNB1, and the stable β-Catenin penetrates the cell nucleus, which binds to the LEF/TCF 
transcription factors. Then, WNT target genes are transcribed, causing cell proliferation [10,19].   

 

Figure 2. Illustration of the canonical WNT Pathway with a mutation in exon 3 of CTNNB1. CTNNB1, 
a gene that codes for β-Catenin, contains an exon known as exon 3, which codes for the residues vital 
for the phosphorylation of β-Catenin. Without these residues, β-Catenin cannot be properly 
degraded. As seen in the illustration above, β-Catenin is attached to the destruction complex but 
cannot be phosphorylated and ubiquitinated due to the mutation of exon 3 in CTNNB1, leading to an 
overaccumulation of β-Catenin. β-Catenin continues to infiltrate the nucleus and activate the TCF, 
transcribing WNT genes and leading to uncontrolled cell proliferation.[21]  Created using 
BioRender.com. 

ACP is most commonly associated with the mutation of exon 3 in the CTNNB1 gene[8,9]. A 
whole genome sequencing study demonstrated that 68.75% of ACP cases presented a mutation of the 
exon 3 of the CTNNB1 gene and an exome sequencing study of ACP demonstrated that 91.7% of ACP 
cases were associated with the mutation of exon 3 in CTNNB1[8,9]. Furthermore, a mouse study 
demonstrated that the overactivation of the WNT pathway, created by excising exon 3 of CTNNB1 in 
pituitary/progenitor stem cells, resulted in either death or the development of tumors that closely 
resembled human ACP[12]. The amino acid sites critical for the phosphorylation of β-Catenin are 
encoded by exon 3 of CTNNB1 [21] (Figure 2). It is evident that exon 3 may play an important role in 
the development of ACP, therefore, targeting cells possessing exon 3 mutations may be significant in 
future therapeutic advancements. 

RNAi Therapy in Treatments of ACP  

sHRNA 

Numerous studies have shown that shRNA is a viable method to treat various tumors and 
cancers [15,22,23]. In tumors such as Wilm’s Tumor, a form of kidney cancer that primarily manifests 
in children, apoptosis of cancerous cells has been acheived using shRNA to suppress critical exons of 
the WT1 gene in in vitro and in vivo studies[22,24].  In a study analyzing the effects of shRNA on 
other WT1 cell lines, a gene that has been found to code for many cancers such as leukemia, lung 
cancer, and ovarian cancer, plasmids containing shRNA were transfected into B16F10 cells, a cell line 
associated with melanoma, and incubated for 72 hours[15,22]. In this cell line, shRNA-WT1 was 
highly effective at decreasing cell viability compared to the control group suggesting that shRNA 
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treatment may be effective for reducing tumor burden[22]. Additionally, when shRNA was used in 
combination with other therapeutics such as gemcitabine and cisplatin, apoptosis was induced at 
much higher rates when compared to just gemcitabine and cisplatin treatment[15]. In another study, 
shRNA was used to target critical exons 5 and 10, and ‘3UTR of the WT1 gene to induce apoptosis in 
WT1-expressing solid cancer cells of 4 different cell lines(CITE). In HT-1080, a cell line associated with 
human sarcoma, shRNA inhibiting exon 5 of WT1 induced apoptosis around five times the rate of 
the control shRNA and shRNA targeting exon 5 of WT1 induced apoptosis at twice the rate of the 
control shRNA in AZ-521, a cell line associated with human gastric carcinoma[22]. The same study 
displayed that in HT-1080 cell line, shRNA targeting exon 5 combined with radiotherapy-induced 
apoptosis at nearly three times the rate of treatment consisting of just radiotherapy[22]. Studies 
inducing apoptosis in cancerous cells by using shRNA to inhibit exons critical to the gene have been 
proven in WT1 induced cancers[15,22]. Similar methods of treatment may be used to inhibit critical 
exons of CTNNB1 in cells to induce apoptosis in cells with exon 3 mutations to treat ACP.  
Additionally, shRNA treatments could potentially be combined with current methods such as GTR, 
STR, and STR+XTR to amplify the results of these methods.  shRNA is a promising method to treat 
ACP, and may be a crucial therapeutic intervention in increasing patients’ long-term quality of life.  

siRNA 

In addition to shRNA, siRNA may be an effective alternative method of combating ACP.  
Although siRNA is double-stranded and chemically created, and shRNA is vector-based, both siRNA 
and shRNA have different functions but similar outcomes [25–27]. Studies have used siRNA to 
combat mutations in other cell lines within the WNT pathway [28,29]. siRNA highly inhibited β-
Catenin expression in the HCC cell line, a cell line associated with liver cancer[29]. siRNA treatment 
in MG-63 osteosarcoma cells also proved as a method to silence β-Catenin expression and suppress 
the invasion and motility of the osteosarcoma cells [28]. Treatments from similar diseases may 
provide insight into repurposing RNAi therapies to inhibit β-Catenin expression in ACP. No shRNA 
or siRNA treatment has previously been attempted in vitro or in vivo for the treatment of ACP, and 
RNAi may be pivotal in treating ACP with decreased patient burden and recurrence rates.  

CRISPR 

Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR), in addition to RNAi 
therapies, could be an alternative method to treat ACP.  CRISPR is a controversial gene therapy 
method in which DNA can be cut and replaced at will [30,31].  CRISPR has been used in a select 
number of cancer studies outside of humans and has been successful in reducing and inducing 
apoptosis in a large percentage of cancer cells [32,33]. To combat bladder cancer, CRISPR was 
engineered to detect hTERT, a protein that plays a large role in bladder cancer[32]. CRISPR induced 
apoptosis in specifically bladder cancer 5637 cells and T24 cells without inducing apoptosis in healthy 
HFF cells[32]. CRISPR has also proven to be effective against cervical cancer, caused by the E6 and 
E7 oncogenes[33]. A study analyzing the effect of using CRISPR to reduce the expression of the E6 
and E7 oncogenes resulted in CRISPR reducing the expression of E6 and E7 by about eight times 
when compared to controls[33].  Due to the fact that most cases of craniopharyngioma are a 
mutation of the exon 3 in the CTNNB1 gene, CRISPR may be a viable solution to delete the abnormal 
mutation and insert a healthy exon 3 after GTR to prevent recurrence [8,9,34]. CRISPR may be the 
key to treating ACP effectively with minimal side effects.  

Discussion 

This review discussed two potential therapeutic methods to treat ACP. With unreasonable 
recurrence rates and significant long-term decrease in quality of life, it is clear the current methods 
are not effective enough to reduce the long-term burden for patients [2,14].  

In an in vivo study analyzing the recurrence rates of colon cancer after surgical treatments in 
mice, the recurrence rate was 71%, whereas, mice treated with shRNA after surgery displayed a 
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recurrence rate of 16% [23]. With results showing that shRNA could be effective in reducing 
recurrence rates in other cancers, may be just as effective at reducing recurrence rates of ACP.  
shRNA can also be used after current methods of treatment such as GTR or STR+XRT to prevent the 
recurrence of ACP. In a study analyzing the effect of shRNA combined with other treatments on 
Wilms tumor, shRNA treatment combined with cisplatin and gemcitabine reduced the colonies 
formed by 97% compared to control colonies and another study displayed that shRNA in 
combination with radiotherapy inhibited the growth of cervical cancer in vivo [15,35].  However, 
shRNA and siRNA have been known to result in off-target effects, which can induce apoptosis in 
non-targeted cells [36,37]. Though off-target effects of RNAi may be concerning, the recurrence of 
ACP can potentially be life-threatening, affect the endocrine system, and severely reduce the quality 
of life of patients38. As of today, no testing has been conducted to find the effects of shRNA on 
recurrence in CTNNB1 cell lines or in ACP models but it has been shown in other diseases such as 
colon cancer[23]. RNAi and CRISPRi treatments could be used along with current methods to prevent 
recurrence and could be a pivotal step in improving the long-term quality of life and reducing 
recurrence rates of ACP. 

However, a challenge arises in testing the proposed methods due to a lack of establishment of a 
solid cell line for ACP. An in vivo mouse study in which exon 3 in the Rathke’s pouch progenitors 
cells were excised,  mice in which β-Catenin was not degraded were produced and contained a 
tumor very similar to the human ACP (HesxlCre; CTNNB1+flax(ex3))[12]. Cell lines for ACP need to 
be established soon, but during the absence of advancements in the research of ACP cell lines, RNAi 
therapies and CRISPR methods can be initially tested with the HesxlCre; CTNNB1+flax(ex3) mice and 
further tested in vitro when a solid cell line is established.  

Using targeted genetic approaches to ACP may not apply to all patients because while a majority 
of cases are associated with a mutation in exon 3 of CTNNB1, not all cases have a defect in β-catenin. 
A whole genome sequencing demonstrated that only 11 out of 16 cases of ACP were associated with 
the mutation in the exon 3 of CTNNB1, and another study found that only 76.1% of 117 cases 
contained a mutation in exon 3, leading to the conclusion that a mutation of exon 3 in CTNNB1 is not 
the sole cause of ACP [9,34]. CRISPR and RNAi treatment methods proposed in this review are 
specifically geared towards ACP caused by a mutation of exon 3 in CTNNB1 and patients diagnosed 
with ACP without a mutation of exon 3 of CTNNB1 must be treated with other methods.  

In recent years, scientists have strived to find cost efficient and simple methods to manipulate 
DNA. The use of previous methods such as transcription activator-like effector nuclease (TALEN) 
and zinc-finger nuclease (ZFN) posed many difficulties[39,40]. The costs associated with TALEN and 
ZFN were unrealistic in therapeutic use and both methods were not nearly as effective as CRISPR 
[39,40]. CRISPR is a very effectively gene editing method in which DNA can be excised and replaced 
at will[41]. 

Although CRISPR can be used to cure many diseases with ease, CRISPR is highly regulated due 
to moral and legal implications. The main concern lies in CRISPR’s ability to edit embryonic DNA. 
This can lead to advancements in eugenics, an ideology in which medically uncommon or abnormal 
genes are eliminated [42–44]. On the counterpart, CRISPR could also be used to cure many potent 
diseases that cannot be treated effectively using methods currently developed. Rules and regulations 
for gene-editing are already in effect, and in the future, further rules and modifications of rules can 
be implemented to effectively use CRISPR.  Studies outside of humans have shown that CRISPR is 
very effective in many diseases that cannot be effectively treated today such as bladder cancer [32], 
cervical cancer [45,46], HIV[45], and even the craniopharyngioma counterpart; PCP [47]. In the future, 
changes and leniency in gene editing could allow the use of CRISPR to be used against certain 
diseases. With low associated costs, high convenience, and studies displaying positive results in other 
diseases, CRISPR could be the primary method in treating ACP.   

Conclusion 

Adamantinomatous Craniopharyngioma (ACP) is an aggressive tumor primarily found in 
children and is associated with high recurrence rates and low long-term quality of life. This review 
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proposed two new therapeutic methods in which ACP could be treated to address these issues - RNAi 
therapy and CRISPR. These methods could benefit patients’ quality of life and end the long term 
effects associated with current treatments of ACP.  
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