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Abstract 

Cancer is responsible for a quarter of all deaths in the United States. This makes cancer 

the second most common cause of death in this country, closely behind heart disease (Choi, 

2015). Schwannomas, a particular type of neurogenic tumor, are one of the most commonly 

occurring tumors in the thoracic cavity and can invade and damage the vertebral 

canal.   Although most schwannomas are typically benign, some can become malignant. When 

the tumor is malignant, it is aggressive and reoccurrences are common.  Malignant schwannomas 

also easily spread to vital organs, such as the lungs.  There are no specific pre-diagnoses 

symptoms noted, but the malignancies can cause discomfort from compression caused by the 

increased size of the neoplasm.  After a diagnosis is made, surgery is used as treatment for the 

aggressive tumor.  Surgery is typically not followed by chemotherapy because it has proven to be 

an ineffective treatment. Other than surgery, which typically has a poor success rate, there have 

been no effective approved treatments.   Extensive research has been performed for finding an 

effective alternative treatment for malignant schwannomas.  Studies have shown that the p53 

gene plays a very important role in the development of these tumors.  Recombinant adenovirus-

p53 gene therapy has been successful as a potential treatment for this type of tumor (Liu et al., 

2015). Provisionally, duplicating adenoviruses was observed to be an oncolytic gene carrier 

several years ago (Shun, 2016). Intratumor insertion of the adenovirus-p53 combination has been 

shown to improve the effect of other therapies used to treat cancers (Dong, 2014). 
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Case Study 

A 62 year-old male patient was admitted to the hospital complaining of numbness and 

pain in his legs and back, inhibited bladder and bowel function, and immobility. After an MRI 

scan was performed, he was diagnosed with an intraspinal tumor found in his lumbar 

vertebrae.  He underwent surgery to remove the tumor and reconstruct the damaged tissue. The 

specimen was sent to pathology and the growth was reported to be a malignant schwannoma. 

There was no other treatment following the surgery (Liu et al., 2015). 

 A year later, the patient was admitted again coughing up blood and having chest pains 

along with recurring immobility.  A chest scan was performed and a large tumor was found in 

the right pleural space.  A biopsy revealed that it was a recurrence of the malignant schwannoma 

and the immunochemistry determined that the p53 gene was increased.  The patient's physical 

condition had worsened over the course of the year making him ineligible for another surgery. 

He was diagnosed with a recurrence and treated with the recombinant adenovirus and p53 gene 

and radiotherapy. He received ten total injections occurring every three days followed 

immediately by radiotherapy for a course of five weeks.  After the gene therapy was given, 

radiotherapy was given over a five week course.  After the five weeks of recombinant gene 

therapy and a full course of radiotherapy, the tumor size had decreased tremendously and where 

cancer cells were once located, voids and fluid remained (Liu et al., 2015). 

 Pathology reported tissue necrosis on the biopsy after radiotherapy and there were no 

signs of tumor cells. The expression test for the p53 gene was negative, the patient’s back pain 

ceased, and he was now able to use his legs.  The only side effect of the procedure was a fever 

that returned to normal after the patient experienced remission (Liu et al., 2015). 
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Discussion 

 Schwannomas are typically benign or malignant tumors that originate from Schwann 

cells (Stapleton, 2017).  The malignant tumors from this origin have stimulated interest among 

physicians and pathologist because of the rarity and difficulty of diagnosis under light 

microscopy (Kleinberger, 2015). Malignant schwannomas are particularly dangerous for these 

reasons and when found must be treated with surgery, the preferred method of treatment, as 

quickly as possible. Although the malignant neoplasms are typically found in younger 

populations, when elderly and immunosuppressed patients with multiple recurrences are 

affected, surgery is not a plausible treatment. Neither radiation nor chemotherapy are used 

because both treatments are not particularly effective (Stapleton, 2017).  Before gene therapy, no 

other treatments were deemed safe and effective. 

 The p53 gene has been the most researched gene in regards to gene therapy for tumor 

suppression. In fact, this gene is the most potent neoplasm suppressor in the human body (Liu, 

2015). The p53 gene family has been shown to be a part of many important procedures in cancer 

research such as cell apoptosis, angiogenesis, metabolism, and epithelial- mesenchymal 

transition (Watanbe, 2001).  The normal, or wild-type, p53 gene codes for two important 

functions: reticence of cell reproduction and division and the stimulation of cell apoptosis. This 

is an important mechanism in tumor formation since the formation of a tumor not only relies on 

disproportionate proliferation of mutated cells, but also the diminution of cell death (Liu et al., 

2015). Further and enhanced understanding of the methods implicated in the inimitable mode of 

apoptosis may assist in the aim of further research in regards to cancer therapeutics (Kleinberger, 

2015).  The normal gene is triggered upon DNA destruction and leads to unregulated 

transcription of the DNA repair gene.  Cell development is then stunted and DNA is restored if 
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damaged.  If the repair cannot occur, the p53 gene is activated to induce cell apoptosis.  When 

this gene is altered, the mutant protein is expressed and the p53 loses its ability to function. 

Genetically damaged cells proliferate and eventually form the malignant tumor.  Reintroduction 

of the wild-type p53 gene can reduce production of tumor cells, either alone or accompanied by 

chemotherapy (Quist, 2004). Studies have shown that the potency of the alteredp53 appearance 

in the schwannomas is associated with the extent of malignancy.  This is an important indication 

of benign and malignant schwannomas and suggests that the mutation of the p53 gene correlates 

to the manifestations of malignant schwannomas.  Since the p53 protein typically shows low 

levels of expression when un-mutated, the protein typically cannot be detected by 

immunochemistry. However, the mutant protein is more stable and has a longer half-life making 

it more easily detectable by immunochemistry (Liu et al., 2015).   

The virotherapy using adenoviruses has commonly been used in a clinical setting because 

elevated titers can be achieved (Choi, 2015).   Successful proliferation of the human adenovirus 

depends upon the collaboration among the viral cell and host cell mechanisms to accomplish an 

efficient expression of viral genes and the successful replication of the viral genome (Hung, 

2017).  Further research is planned to further develop the functional importance of adenoviruses 

together with enhanced tumor damage, further reduction of toxic effect, and improved 

construction of adenoviruses to more effectively target tumor cells (Shun, 2016).  

In this particular case, the injection of adenovirus carrying the wildtype p53 gene 

replaced the mutated p53 gene.  Once it was injected directly into the tumor, the appearance of 

the p53 protein that prevents cell division and encourages apoptosis of neoplasmic cells was 

detected in noteworthy amounts (Liu et al., 2015).  As noted in other studies, this treatment is 

typically used in treating carcinomas infecting the lungs, esophagus, breast and ovaries (Pan et 
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al., 2009), but has also been show to be effective on malignant schwannomas (Kleinberger, 

2015). The genetic makeup of the patient’s tumor was predominantly the mutated p53 gene.  

Because of the patient’s age and physical condition, along with the large tumor volume, he was 

an ideal candidate for this treatment. The patient agreed to the recombinant therapy in hopes of a 

better prognosis.  During the process of treatment, the patient had no adverse effects besides a 

spike in fever that subsided on its own and did not require antiviral treatment.  Despite repeated 

injection of the virotherapy, the toxicity of the drug did not progress, and the clinical symptoms 

of the tumor significantly improved as treatment continued.  Upon completion of a full treatment, 

a biopsy of the neoplasm was performed and reported negative for mutated p53 gene expression.  

It also showed prominent signs of tissue necrosis and excess fluid.  The treatment did in fact 

induce apoptosis of cancer cells.  This proved to be a safe and effective treatment for this patient 

(Liu et al., 2015). 
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Conclusion 

Gene therapy in general is one of the most important pieces of biological research in 

current technological advances.  Adenoviruses have presented a promising treatment for cancer 

through many clinical trials.  Some clinical trials have been restricted because some patients 

developed liver toxicity (Choi, 2015).  In most cases, the most severe side effect has been a spike 

in fever that has subsided upon spontaneous remission (Liu et al., 2015).  The experimentation 

with the adenovirus and p53 gene combination is the most studied concept in current gene 

therapy.  Through research of administration routes, dosage levels and course of treatments, a 

large variety of new methods have been developed as potential treatment options (Kleinberger, 

2015).  All recent studies have provided favorable results in finding a safe and effective clinical 

treatment for malignant shwannomas. This treatment may be expected to treat a broader 

spectrum of cancers.  Overall, the restoration of the proper function of the p53 gene by 

adenovirus vectored treatment has become a promising milestone in managing cancer for 

patients (Liu et al., 2015). 
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