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Introduction 
 
 In humans, melanocytes make up a complex group of cells that give the skin 

colour. Intense studies of these cells, which originate from the neural crest during 

development, have been the subject or much research in animal models, and have 

provided information regarding many biological and related pathological conditions in 

humans (Satyamoorthy et al. 1999). According to Satyamoorthy and colleagues (1999) 

when these melanocytes become dysplastic and lose their architectural integrity, they 

represent the starting point to melanoma. At this point the cells do not grow indefinitely, 

as this is the result of further genetic and molecular alterations that modify the role of 

growth factors, triggering proliferation into radial growth phase (RGP) melanomas. From 

this point the melanoma enters the vertical growth phase (VGP) which is metastatic. 

These metastatic tumours characterized by excessive growth and the expression of 

specific molecules that facilitate growth, survival and migration from the primary site 

(Fig. 1) (Bar-Eli 1999; Satyamoorthy et al. 1999). 

 
Fig. 1. Diagrammatic representation of human skin in the normal, RGP melanoma, VGP melanoma and 
metastatic melanoma conditions. Melanocytes are black ovals and melanoma cells are in clusters, black 
with white centres. (Adapted from Satyamoorthy 1999). 
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 Metastasis of the tumour means that it must be able to migrate through the 

extracellular matrix (ECM), intravasate and survive in the circulatory system, extravasate 

from the blood stream into foreign tissues, and establish itself into these tissues, 

becoming secondary tumours (Johnson 1999). When a cancer cells is in the blood stream 

it is referred to as an embolus, and is malignant. Approximately 99 percent of malignant 

cells will die while they are in the blood vessels because they lack the necessary 

structures to withstand the stressed of turbulent flow and shear forces; the cells may 

circulate in the blood until they die if they lack the cell adhesion molecules (CAMs) 

necessary to leave the blood stream. The tumour cells will select an organ or location 

with similar CAMs or ECM proteins (Galway pers. comm.). Single metastatic melanoma 

cells tend to rapidly proliferate and aggressively invade deeper into the dermis. The use 

of artificial skin constructs has shown that the basement membrane is retained in early 

melanoma, but is completely destroyed once the tumour becomes metastatic 

(Satyamoorthy 1999). 

 During the RGP melanoma stage, there is an increase in the expression of several 

of the aforementioned cell adhesion molecules, including E-Cadherin, MUC18/MCAM 

and intercellular adhesion molecule (ICAM-1). ICAM-1, in a class of immunoglobulin-

like molecules, is found to be expressed more strongly in malignant tumours than in 

benign tumours; and increased with increasing thickness of the primary tumour. Though 

the exact function of ICAM-1 in metastatic processes is not known, its expression may 

aid in the formation of aggregates with white blood cells, enhancing survival in the blood 

circulatory system and promoting extravasation, or increase the chances of melanocytes 

to interact with lymphocytes providing a mode of metastasis (Johnson 1999; Shafren et 
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al. 2004). ICAM-1 receptors on the surface of malignant cells have been found to allow 

virus 

 In addition to increased expression of CAMs during metastasis, a number of 

proteins are also produced on the cell surface. One of these is the glycoprotein, decay-

accelerating factor (DAF), which is anchored into the cell membrane by a 

glycosylphosphatidylinositol. DAF is a complement activity protein which enhances 

decay of Complement 3 (C3) convertases protecting the cell from complement-mediated 

lysis by preventing deposition of C3 on the cell surface, which may lead to damage to 

healthy cells by opsonization. Opsonization is the deposition of an antibody or C3 that 

promotes phagocytosis of antigens by binding to them. (Powell et al. 1999; Goldsby et al. 

2000; Shafren et al. 2004). DAF is composed of several short consensus repeat (SCR) 

domain-specific antibodies attached to a serine/ threonine-rich region, and then to the 

anchor (Fig. 2a).  The SCR domain-specific antibodies have been used to determine the 

domain(s) of DAF that may be bound by viruses. It has been shown that this binding is a 

prevalent characteristic in phylogenetically divergent enteroviruses, such as 

Coxsackievirus A21 (CAV21) (Powell et al. 1999). 

Coxsackievirus A21, one of the many common cold-causing viruses, is an 

enterovirus which, in addition to upper respiratory infection, has been found to bind to 

melanoma cells. Increased ICAM-1 expression and DAF expression on the melanoma 

cells provides a cellular receptor complex, acting as a target, facilitating attachment of 

CAV21 (Fig. 2b). Viral attachment then leads to penetration and eventual cell lysis. DAF 

and ICAM-1, together, induce a change in the viral capsid conformation, allowing the 

entry into the cell and the resultant lytic infection. The destruction of tumour tissue by 
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lysis of cell as a result of viral replication is referred to as viral oncolysis (Shafren et al. 

2004). 

 

a)     b)  
Fig. 2.  a) Structure of DAF and domain recognition by SCR proteins (Adapted from Powell et al. 1999). 
b) A diagrammatic representation of the surface-expressed DAF and ICAM-1 (Adapted from Shafren 
et al. 2000). 
 
The Experiment 
 

In the paper discussed herein, Shafren and his colleagues looked into the 

application of a genetically unmodified wild type strain of Coxsackievirus A21 as an 

effective means of reducing the size of and controlling human malignant melanoma 

tumours by viral oncolysis. Since CAV21 did not induce dramatic illness in volunteers 

who were purposely exposed to the virus, it also seemed like a plausible concept, because 

there would be minimal side effects to treatment. 
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Cells, viruses and antibodies 

 Tumour cell lines were obtained from a number of sources and cultured: two 

melanoma lines, SK-Mel-28 and ME4405; two lymph node metastases, Mel-CV and 

Mel-FH; one intestinal metastasis, Miller; one primary melanoma, MM200; one human 

rhabdomyosarcoma line, RD; and one line derived from human lung fibroblast cells. A 

RD-ICAM-1 cell line was produced by incorporating cDNA that encodes for the ICAM 

molecule into the RD cells. 

 Several strains of Coxsackievirus, including CAV21, Coxsackievirus B1 (CVB1), 

Coxsackievirus B3 (CVB3) and Echovirus (E7), were also obtained. All the viruses were 

propagated in RD-ICAM-1 cells; infected cells were then frozen and thawed to release 

remaining virus particles, and cell fragments were separated by centrifugation.  

 Virus infectivity assays were conducted to determine the effectiveness of the virus 

being used. This was achieved by inoculating monolayers (one cell thick) of RD-ICAM-1 

cells in 96-well tissue culture plates of 10-fold serial viral dilutions; cell survival was 

quantified by staining with a crystal violet/ methanol solution and reading the relative 

absorbance of each plate with an ELISA plate reader. ELISA is an enzyme-linked 

immunosorbent assay which allows either quantitative measurement or qualitative 

detection of an antigen or antibody (Goldsby et al. 2000). 

 In vitro viral cell lysis assays were conducted as well. The lytic activity, or 

destructiveness, of CAV21 in peripheral blood lymphocytes (PBLs) that were isolated 

from stage IV melanoma patients and primary cultures of melanoma cells that were 

isolated from surgically removed malignant melanoma tumours, was tested in chromium 

(Cr51) assays. The tumour cells were labelled with sodium chromate (Na2Cr51O4); the 50 
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percent tissue culture infectious dose (TCID50) of CAV21 was added to some of the 

target cells. The release of Cr51 from the cells allowed the researchers to determine the 

percentage of cell lysis. 

 DAF and ICAM-1 expression in the malignant cells was determined using flow 

cytometry. This uses fluorescent antibody techniques, such as the fluorescence-activated 

cell sorter (FACS), which automates the analysis of cells stained with fluorescence; in 

this instance the melanoma cells (Goldsby et al. 2000). 

Melanoma xenotransplantation in non-obese diabetic (NOD)-severe combined 

immunodeficient (SCID) Mice 

 SK-Mel-28 cells were harvested and tested for viability using trypan blue 

staining. Cell preparations with greater than 95 percent viability were used for 

xenotransplantation, which is the transplantation of cells from one species (human) into 

another (mouse). The female, NOD-SCID mice were anesthetised, then tumour cells were 

xenografted to their sides, between the hip and ribs. For one portion of the experiment 

two injections of tumour cells was, each in a different location. Tumour measurements 

were recorded on a daily basis by temporarily anesthetising the mice (Shafren et al. 

2004). 

Results and conclusions 

In vitro analysis of human melanoma cells 

 The flow cytometric analysis showed that the six melanoma cell lines each 

possessed abundant ICAM and DAF surface proteins, with expression levels notably 

higher than that which was observed in the non-malignant MRC-5 lung fibroblasts and 

malignant rhabdomyosarcoma RD cells (Fig. 3a). Monolayer cell cultures which were 
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exposed to CAV21 showed extensive cell lysis in all melanoma cultures, along with the 

characteristics associated with an enterovirus infection (Fig. 3). 

 
Fig. 3.  Oncolytic destruction of human melanoma cells by CAV 21. a) Flow cytometric analysis of virus 
receptor expression. Black solid curve represents the control antibody, darker line is DAF and lighter line is 
ICAM-1. b) Micrographs of CAV21-induced infection of in vitro cultures at 0 and 23 hours after infection 
at x20 magnification (Adapted from Shafren et al. 2004). 
 
 It was also found that CAV21 induces an increased rate of cell oncolysis of 

human melanoma cells with little evidence of lysis of the surrounding DAF-expressing 

non-malignant MRC-5 and malignant RD cells. This would confirm that neither DAF-

CAV21 nor ICAM-1-CAV21 interactions alone are enough to induce lytic cell infection. 

However, CVB3 was found to induce lytic infection in RD cell, but not in melanoma or 

MRC-5 cells, possibly attributed to low levels of Coxsackievirus receptor expression. 
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PBLs from four stage IV melanoma patients and metastatic tumour masses were 

put to the same test as above. The cytometry showed that PBL cell preparations 

expressed high levels of DAF and significant levels of ICAM-1, while the metastases 

expressed high levels of both, DAF and ICAM-1. The in vitro lysis assay (by Cr51 

release) showed 100 percent lysis in the metastases, but very low levels of lysis in PBL 

cells. 

Receptor determined specificity of CAV21-mediated oncolysis 

In testing to see if other human enteroviruses other than CAV21 would use a 

receptor complex consisting of DAF and some other molecule to induce oncolysis of 

melanoma cells and/ or RD cells, Shafren and his colleagues found that only CAV21 

induced detectable lytic infection in melanoma cells (MM200). On the other hand, all the 

tested enteroviruses except CAV21 damaged RD cells (Fig. 4). 

 
Fig. 4.  Monolayers of MM200 melanoma cells and RD cells, each dosed with the TCID50 of each of the 
different enterovirus tested, and then stained with crystal violet to assess cell survival (Adapted from 
Shafren et al. 2004). 
 
 To determine if CAV21-induced lysis occurs in primary tumour growth cells, a 

biopsy was done to remove tissue from metastatic melanoma, divided into pieces, and 

dosed with CAV21. The control tissue and the CVB3-dosed tissue showed no sign of 

microscopic destruction, while the CAV21 inoculated tissue showed fragmentation of the 

tumour mass (Fig. 5). 
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Fig. 5. Primary malignant melanoma tissue inoculated with CVB3 and CAV21; examined microscopically 
for viral-induce lysis (Adapted from Shafren et al. 2004). 
 
 
In vivo oncolysis of human melanoma xenografts by CAV21 
 
 In vitro data suggests that CAV21 both, selectively and specifically targets human 

melanoma cell lines by means of the over expression of ICAM-1 and DAF on the surface 

of the cells. In the initial experiments NOD-SCID mice received, intratumourally, 

dosages of CAV21 and phosphate buffer solution (PBS) as a control. After 14 days, mice 

receiving CAV21 had greatly reduced tumour masses which were completely eliminated 

after 21 days. Those receiving PBS on the other hand, were left for 35 days before they 

were euthanized due to excessive tumour burden (Fig. 6a and b). 

a)       b)   
Fig. 6. a) NOD-SCID mouse tumour volume change over 35 days after treatment with PBS or CAV21. b)  
Photograph of  tumour burden on the sides of NOD-SCID mice 35 days after the treatment. 
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 The mice bearing two xenografted tumours were the focus of the next experiment, 

which was to determine if the mode of administration would affect the amount viral 

oncolysis and thus, tumour burden. Only one of the two tumours was injected either, 

intratumourally, intravenously, or intraperitoneally, to determine systemic spread and 

tumour targeting. Volume reduction in the non-injected tumour would indicate systemic 

spread. CAV21-receiving mice, regardless of the mode of administration showed 

significant reduction in both tumours; after 30 days tumours could no longer be detected. 

In those mice treated with PBS tumour burden was too high after 17 days and they have 

to be euthanized. The oncolysis of the second tumour is evidence of rapid systemic 

spread (Fig. 7 a-c). 

 

 
 
 

Fig. 7. Change in tumour volume of the non-injected 
tumour. a) Intratumoural injection b) Intraparitoneal 
injection c) Intravenous injection. Measurement is 
expressed as a mean ± standard deviation (Adapted 
from Shafren et al. 2004). 
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In vivo oncolysis of human melanoma xenografts by various input multiplicities 

 In this portion of the experiment mice with single xenografted tumours were 

injected with varying dosages of CAV21, ranging from 101 to 105 TCID50 

intratumourally. All CAV21 dosage levels were successful in reducing the melanoma cell 

mass (Fig. 8). 

 
Fig. 8. Changes in SK-MEL-28 tumour size with varying dosage multiplicity of CAV21 (Adapted from 
Shafren  et al. 2004). 
 
 
 Several conclusions can be drawn from examination of this research; firstly, the 

administration of Coxsackievirus A21 to a single melanoma tumour site will produce 

oncolysis of tumours distant to that site. This conspicuous evidence of systemic spread 

makes CAV21 injections as a method of melanoma treatment appealing. Also, equally 

appealing is the fact that CAV21 is not genetically modified to reduce virulence and 

enhance specificity for melanoma cells. The potential risks, based on these animal 

experiments, suggest that for late-stage melanoma patients, they are far outweighed by 

the benefit of tumour reduction and possible elimination. There is however, one problem 

with this treatment, if a patient has already been infected with CAV21, intentionally or 

otherwise, there may be an immune response that would limit systemic spread. 
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Final thoughts 

 The research discussed in this paper has been ongoing for several years. Shafren’s 

primary focus is on decay-accelerating factor and ICAM-1 interactions with multiple 

enteroviruses, particularly Coxsackievirus A21. Though the majority of research articles 

were not available, it is clear from several papers that were, that Shafren’s goal is to find 

a promising means of reducing the size of cancers by using mechanisms that already exist 

naturally to our advantage; each new experiment adding to the vast collection of 

information previously obtained. In this particular paper, Shafren showed that the use of 

CAV21 indicates some promising results for the future of cancer treatment, providing 

further animal experiments and tests on humans are successful. 

 The main topic of this paper was discussed in lecture in some detail. The use of 

viruses to reduce cancer burden, coined virotherapy, was useful in providing some 

background understanding to the problems discussed by Shafren and his colleagues. 

There were however, some details that were not covered in lecture, presumably because 

CAV21 specifically was not covered; the method of viral attachment to the cells by the 

ICAM-1-DAF receptor complex is also quite complicated and the level of molecular 

immunology may not have been appropriate. Additionally, in the text, Cancer Biology 

(2nd Ed.), King does not discuss the subject of virotherapy in any detail. After attempting 

to find some supplementary background information, I found that journals and other texts 

were more informative. 

 I would recommend this paper to anyone with an interest in the use of viruses to 

treat cancer. The subject is relatively simple to understand and shows promising results 

for the field of cancer research. 
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