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Sir,
Human papillomavirus (HPV) is the causative agent of 
certain benign and malignant tumours. HPV subtypes 
6 and 11 cause approximately 90% of cases of genital 
warts (the most common sexually transmitted disease) 
(1, 2) and virtually all cases of recurrent respiratory 
papillomatosis (3, 4). They are classified as low-risk for 
carcinogenesis, whilst the high-risk subtypes, such as 16 
and 18, cause approximately 70% of cases of cervical 
cancer worldwide (5, 6). There has been intense public 
interest recently in the HPV prophylactic vaccines for 
the prevention of cervical cancer (7, 8). 

Since HPV infection is primarily a peripheral in-
fection (and not a systemic one), the study of the im-
mune response at the site of infection is a necessity in 

understanding and designing better therapies. We have 
examined the feasibility of studying the lymphocytes 
infiltrating ano-genital warts as a model for studying 
HPV infection and associated immune responses in 
the periphery.

MATerIAl AND MeTHoDS
Ano-genital warts were surgically excised as part of treatment 
for patients attending a wart clinic in St Mary’s Hospital, lon-
don. All worts were processed within 2 h of excision. Patients 
were randomly selected from this clinic and gave informed writ-
ten consent for their samples to be used, under existing ethical 
approval from the local ethics committee. A standard enzyme 
digestion protocol (9) with 70-micron filtration to retrieve cells 
was compared with a mechanized tissue dissociator (BD Medi-
machine™, Becton-Dickinson, Oxford, UK), used according to 
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Fig. 1. The top two panels show the presence of CD3+ T cells and gdTCr+ cells within cells extracted from warts from one patient (enzyme digestion). 
Double staining was not available. The bottom two panels demonstrate the isolation of typical CD4+ and CD8+ T cells from the warts of another patient 
(machine dissociation). D = Gated on positive cells.
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the manufacturer’s instructions. Twenty samples were analysed 
for each technique and wart-infiltrating lympho cytes were  
counted via a haemocytometer with Trypan Blue staining. Seve-
ral samples were subjected to flow cytometric analyses for com-
mon lymphocyte cell markers such as CD3, CD4, CD8, gamma-
delta receptor, etc. All antibodies were purchased from Becton  
Dickinson UK. Flow cytometry was performed on a Beckman-
Coulter XL machine (Beckman-Coulter, Bedfordshire, UK) and 
analyses were performed using Coulter expo 32 software.

RESULTS

The total cell numbers retrieved for each group of 
20 samples treated by the two methods were: (i) 
enzyme digestion (range 40,000–36,800,000), me-
dian = 2,852,350; and (ii) machine dissociation (range 
205,000–20,000,000), median = 2,669,875. All samples  
showed less than 5% cell death with trypan blue 
staining. Using the non-parametric Mann-Whitney U 
test (2-tailed test), the median values between the 2 
groups did not differ significantly p = 0.73623. The time 
taken for each protocol was, however, different, with  
approximately 1.5 h for enzyme digestion and lympho-
cyte harvesting, compared with 0.5 h for machine  
dissociation. Flow cytometry further revealed that it 
was possible to determine phenotypic markers for some 
of these cells (Fig. 1) using either method. Prolonged 
enzyme digestion or machine processing resulted in  
decreased cell numbers and staining (data not 
shown). 

DISCUSSION

We show here that mechanized tissue dissociation of 
warts is a more efficient method than a standard en-
zyme digestion protocol and it enabled us to retrieve 
sufficient cells from some lesions for further analytical 
studies, such as with flow cytometry or cell culture.

The study of cellular immune responses in HPV 
infection, particularly in warts, has been relatively 
neglected in recent years (10). Treatment for HPV 
infection is primarily through ablative methods that 
have high recurrence rates (11). The advent of a qua-
drivalent prophylactic HPV vaccine (Gardasil™) will 
help to prevent wart infections in the future but does 
not increase the range of therapeutic options. We sug-
gest that the protocols described above will be valuable 

tools for the study of the commonest sexually trans-
mitted disease, HPV genital warts, for the delineation 
of important immune parameters and will thus aid in 
the design of better immunotherapy and vaccines for 
HPV diseases.
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