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Abstract: Human immunodeficiency virus (HIV) infection is associated with dysplastic changes in oral human papilloma 
virus (HPV) lesions, suggesting changes in keratinocytes. In the present study, we seek to identify proteomic changes in 
oral HPV lesions between HIV(+) and HIV(-) patients. While fresh tissues represent the most desirable samples for pro-
teomic investigations, they are often difficult to obtain in large numbers under clinical settings. We therefore have devel-
oped a new method to identify protein changes in formalin fixed and paraffin-embedded (FFPE) oral HPV lesions utiliz-
ing iTRAQ™ technology in conjunction with Liquid Tissue® sample preparation method. Using this method, we identi-
fied nine proteins that were differentially expressed in oral HPV lesions as a result of HIV infection. The quantitative pro-
teomic method presented here will be valuable for others who plan to analyze FFPE tissues. 

INTRODUCTION 

 HPV is a DNA virus that infects the keratinocytes of 
stratified squamous epithelium, resulting in the development 
of cutaneous or mucosal warts (papillomas). Several oral 
papilloma variants are recognized, including conventional 
squamous papilloma, verruca vulgaris, and focal epithelial 
hyperplasia. The clinical and histological diversity of these 
lesions may be correlated to the viral subtypes present. The 
growth potential of papillomas in immunocompetent indi-
viduals is limited, and it is unusual to find more than one 
lesion at the time of examination. However, those infected 
with HIV can exhibit numerous lesions throughout the oral 
mucosa [1]. Atypical HPV subtypes have been reported in 
HIV patients [2, 3], and papillomas in these individuals may 
also show dysplastic epithelial changes [4]. The aggressive 
potential of HPV-induced lesions in the immunosuppressed 
suggests underlying genomic and proteomic changes in 
keratinocytes in the settings of HIV infection. In the present 
study, we seek to identify these proteomic changes in oral 
HPV lesions as a function of patient HIV-diagnostic-state 
HIV(+) or HIV(-). 

 Performing proteomic studies on tissues is important in 
order to dissect the specificity of protein involvement to the 
histological manifestation of diseases. While fresh and/or 
frozen tissues appear to represent the most desirable samples 
for proteomic investigations, they are often difficult to obtain 
in large numbers under clinical settings. Formalin fixed and  
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paraffin embedded (FFPE) tissues have been used for dec-
ades to evaluate tissue histology and diagnose disease. Exist-
ing extensive archives of FFPE papilloma tissues at New 
Jersey Diagnostic Services represent a very accessible re-
source for this investigation. However, it is known that for-
maldehyde fixation process could cause intermolecular and 
intramolecular crosslinking of proteins and thus the 
crosslinked proteins would not be amenable to extraction and 
solubilization for biochemical analysis [5]. Recently, a new 
methodology, Liquid Tissue™, for extraction and procure-
ment of soluble peptides directly from FFPE tissues has been 
developed by Expression Pathology (Gaithersburg, MD). 
Proteins are extracted and digested by trypsin from de-
paraffinized sections of FFPE tissues and the resulting pep-
tides can be extracted and further analyzed by mass spec-
trometry (MS). Remarkable improvements in MS instrumen-
tation and the rapid growth of genomic databases have made 
it possible to quantify large numbers of proteins from very 
complex samples. This can be achieved through multiple 
approaches including protein labeling with isotopically dis-
tinct “tags” and subsequent protein quantification by com-
paring the MS ion intensities [6, 7].  

 Various studies have attempted to perform protein quant- 
ification of FFPE tissues. For example, in a strategy known 
as AQUA (absolute quantification of protein) [8], using a 
synthetic tryptic peptide of a Prostate Specific Antigen, 
quantification has been performed on proteins extracted from 
FFPE prostate cancer tissue arrays [9]. However, this ap-
proach inherently focuses on the determination of quantities 
of only one or very few particular known proteins of interest. 
This is not a nonbiased discovery method, but may be very 
useful for biomarker validation of a large number of sample 
repeats, addressing the statistical limitation of the shotgun 
proteomics methods. Recently, using a spectral counting 
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method, Patel et al. [10] have compared the protein abun-
dance in FFPE tissues in normal and tumor head and neck 
squamous epithelium. Although very attractive, spectrum 
counting approach is contentious in the sense that for a reli-
able quantification, many spectra need to be observed for a 
given protein [11] and may not be sensitive enough for low 
abundant protein quantification. A primary amine group 
based isotope labeling technique, termed isobaric tags for 

relative and absolute quantification (iTRAQ™), has been 
developed [12]. It allows the comparison of up to four sam-
ples in a single experiment. In MS mode, differentially la-
beled versions of a peptide are indistinguishable. However, 
in tandem MS mode (MS/MS) peptides are isolated and 
fragmented and peptide quantification is achieved by com-
paring the intensities of the four iTRAQ™ reporter ions 
(mass/charge, m/z of 114, 115, 116 and 117). This permits 
the simultaneous determination of both identification and 
relative abundance of protein in up to four samples. This 
method can quantify more proteins than AQUA method, and 
is more sensitive than the spectral counting method for low 
abundant protein analysis. 

 As a novel approach for quantitative proteomic studies of 
FFPE tissues, we have been able to conduct iTRAQ™ analy-
sis of peptides extracted with Liquid Tissue® technology. 
Successful application of this approach has enabled us to 
identify novel proteomic changes in oral HPV lesions in HIV 
patients. 

MATERIALS AND METHODOLOGY 

Cell Procurement 

 Following approval by the IRB, cases of oral papillomas 
were selected from the records of New Jersey Diagnostic 
Services. The patient’s charts were reviewed to determine 
HIV status. For fixation, after collection from patients, 
samples were immersed immediately in freshly prepared 
solution of 10% neutral buffered formalin and fixed for 
24 hours at room temperature. After fixation, the speci-
mens were dehydrated through a graded alcohol series 
before embedding in paraffin wax which, following slide 
preparation and diagnosis, were archived at room tem-
perature in New Jersey Diagnostic Services. For current 
studies, we used the samples which were archived for 
between two months to seven years. Total of ten represen-
tative cases were selected, creating one HIV(+) group con-
taining 5 cases, and one HIV(-) group containing 5 cases. 
Ten micron thick sections of oral papillomas were cut from 
two HIV(+) cases and two HIV(-) cases using sterile micro-
tome blades and placed on untreated microscope slides. The 
slides were deparaffinized in xylene, rehydrated to 70% 
ethanol, and placed in distilled water for 1 minute. Sections 
were dipped in hematoxylin for 5 minutes to allow subse-
quent visualization of the epithelium, and washed in double-
distilled water for 5 minutes. Sixteen mm2 of epithelium (ap-
proximately 60,000 cells) were needle dissected for prepara-
tion of protein lysate. 

Protein Extraction and Digestion 

 Protein lysates were prepared according to the manufac-
turer’s recommendations (Expression Pathology Inc, 
Gaithersburg, MD). Procured cells were suspended in 20 μl 
of proprietary Liquid Tissue® buffer (US Patent application 

WO/2004/080579) and heated at 95°C for 90 minutes. After 
cooling for 2 minutes on ice, 1 μl of trypsin reagent was 
added and incubated at 37°C for one hour with vigorous 
shaking for one minute at 20 minute intervals. Samples were 
further incubated at 37°C for 18 hours followed by heating at 
95°C for 5 minutes. In preparation for labeling, the samples 
were harvested via centrifugation at 10,000 g, dried com-
pletely using a Speed-Vac and re-suspended in 100 μl of 
0.5% trifluoroacetic acid (TFA) in 5% acetonitrile, and were 
desalted via PepClean C-18 spin columns (Pierce Biotech-
nology, Rockford, IL) and dried for iTRAQ™ processing. 

iTRAQ
™

 Sample Preparation and Tandem Mass Spec-

trometry (MS/MS) 

 Each peptide sample was processed according to manu-
facturer's protocol with minor modifications (Applied Bio-
systems Inc., ABI, Framingham, MA, USA). iTRAQ™ rea-
gents were dissolved in 280 μl of ethanol. The peptides were 
labeled with the iTRAQ™ reagents as follows: two groups of 
HPV(+)/HIV(-) samples with iTRAQ™ tags 114 and 115 and 
two groups of HPV(+)/HIV(+) samples with iTRAQ™ tags 
116 and 117. A mixture containing small aliquots from each 
labeled sample was analyzed by MS/MS to determine a 
proper mixing ratio to correct for unevenness [13] in peptide 
yield from Liquid Tissues procedures. Labeled peptides were 
then mixed in 1:1:1:1 ratio and analyzed as described previ-
ously [14]. Briefly, peptide mixture was dried completely 
using a Speed-Vac and re-suspended in 0.5 ml of cation ex-
change mobile phase A (10 mM KH2PO4 and 20% acetoni-
trile (ACN) (pH 3.0)). The peptides were first fractionated 
on a BioCAD™ Perfusion Chromatography System (ABI) 
equipped with a polysulfoethyl A column (4.6 mm x 200 
mm, 5 μm, 300 Å, Poly LC Inc., Columbia, MD, USA) plus 
an upstream guard column (4 mm x 10 mm). The column 
was first washed isocratically with mobile phase A for 10 
min at 1.0 ml/min to remove unbound materials. Bound pep-
tides were then eluted with a 40 min linear gradient from 0 to 
50% Mobile phase B (600 mM KCl, 10 mM KH2PO4 and 
20% ACN (pH 3.0), followed by a 10 min linear gradient 
from 50 to 100% Mobile phase B. Two minute fractions 
were collected and desalted via PepClean™ C18 spin col-
umns (Pierce, Rockford, IL, USA). Peptides in each ion ex-
change fraction were further fractionated on an Ultimate™ 
Chromatography System equipped with a Probot matrix-
assisted laser desorption ionization (MALDI) spotting device 
(Dionex, Sunnyvale, CA, USA). Peptides were captured onto 
a reversed phase 0.3 mm x 5 mm trapping column and re-
solved on a 75 μm x 150 mm capillary PepMap column (3 
μm, 100 Å, C18, Dionex) with a 70 min gradient of solvent A 
(5% ACN, 0.1% trifluoroacetic acid, TFA) and solvent B 
(95% ACN, 0.1% TFA): 0–4 min, from 5 to 8% B, at 34 
min, to 18% B, at 57 min, to 35% B and at 64 min to 95% B. 
The HPLC eluent was mixed in a 1:3 ratio with matrix (7 
mg/ml -cyano-4-hydroxycinnamic acid in 60% ACN, 5 mM 
ammonium monobasic phosphate and the internal calibrants 
(50 fmol/μl each of GFP and ACTH, 18–39)) through a 30 nl 
mixing tee, and spotted onto MALDI plates in a 18 x 18 spot 
array format. The peptides were analyzed on a 4700 Pro-
teomics Analyzer tandem mass spectrometer (ABI) in a data-
dependent fashion. MS spectra (m/z 800–3600) were ac-
quired in positive ion mode with internal mass calibration. 
Ten most intense ions per spot were selected for subsequent 
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MS/MS analysis in 1 keV mode. Each spectrum was aver-
aged over 4000 laser shots. 

Bioinformatics 

 Peptide identification and quantification were analyzed 
as reported earlier with minor modifications [15]. Each pro-
tein was identified with at least two peptides with confidence 
interval (C.I.) values of no less than 98%. The relative ex-
pression of a peptide was calculated by dividing the normal-
ized iTRAQ™

 reporter peak areas of m/z 115, 116 or 117 by 
that of m/z 114. Protein expression ratios were computed as 
the average of all corresponding peptides [15]. P-values were 
generated via Student’s t-test. This is a good choice of statis-
tic, given the small sample size. To search for formaldehyde-
modified peptides, the MS/MS spectra were re-searched 
again with formaldehyde modified (+12 or +30 amu) argin-
ine, lysine, tryptophan set as additional variable modifica-
tions and trypsin cleavage with two possible miss-cleavages. 
The peptide was considered to have formaldehyde modifica-
tion, if its spectrum had a C.I. value above 98 % and the 
identification score was higher than the score matched to 
peptides without formaldehyde modifications. The spectra of 
all formaldehyde modified peptides were manually vali-
dated. 

Immunohistochemistry 

 Slides from the diseased group along with corresponding 
negatives controls were heated and de-paraffinized from 
xylene to water and then pretreated with Target Retrieval 
Solution (Dako, Carpinteria, CA). Endogenous peroxidases 
were quenched by immersing sections in 3% hydrogen per-
oxide and Tris Buffered Saline (TBS) for 5 minutes, fol-
lowed by placement in a TBS bath for 5 minutes. Sections 
were incubated for 30 minutes with 100 l of monoclonal 
CK17 antibody (ab2502, Abcam, Inc., Cambridge, MA) at a 
1:100 dilution. The primary antibody was replaced with TBS 
for the negative controls. Following 10 minute incubation 
with a rabbit anti-mouse secondary antibody and strep-
tavidin, DAB substrate-chromogen was placed on the sec-
tions for 3 minutes, and the slides were then rinsed in water. 
After hematoxylin counterstaining, the sections were dipped 
in ammonia and then rinsed with water, dehydrated in alco-
hol, and cover slipped. Each slide with its negative control 
was evaluated by two investigators (JR and VF). 

RESULTS 

Peptides can be Identified from FFPE Papilloma  

 To develop a MS based peptide-labeling method for 
quantitative proteomic analysis of formalin fixed tissues, we 
first extracted peptides from FFPE oral HPV lesions from 
HIV(+) and HIV(-) patients and subsequently labeled them 
with iTRAQ™ reagents (Supplement Figure 1). The iTRAQ™ 
labeled peptides were identified and quantified by MS/MS. 
Under very stringent criteria (C.I.  98%), this analysis led 
to the identification of 632 unique peptides which rendered 
114 proteins identified by at least two peptides (Supplement 
Table 1). When the MS/MS spectra were searched against a 
decoyed database with all Swiss-Prot protein sequences re-
versed [15, 16], we could identify only two proteins which 
corresponded to a false discovery rate of 3.5%. Various 
populations of unmodified, formalin (or other)-modified and 

formalin cross-linked peptides were also identified from 
these tissues. Unfortunately, the effects of formalin fixation 
and long term storage on samples are not very well under-
stood yet. However, our results showed that 2.8% of the 
identified peptides likely contained formaldehyde modifica-
tion; we have therefore focused the quantitative bioinformat-
ics analysis of the resulting MS data solely based on the un-
modified peptides. 

 The molecular functions and cellular localization of all 
proteins identified in FFPE oral HPV lesions were classified 
using Gene Ontology (GO) classification system (http:// 
www.geneontology.org) (Supplement Figure 2). These pro-
teins were associated with every cellular compartment (Sup-
plement Figure 2A) with nearly half from the cytoplasm. 
These proteins found here were compared with all proteins 
across the entire human proteome and no significant bias, in 
terms of the enrichment of proteins from specific cellular 
compartment was observed (data not shown). Furthermore, 
proteins identified in this analysis represented a diverse array 
of molecular functions including signal transduction, cell 
adhesion and metabolism (Supplement Figure 2B). Interest-
ingly, many of the proteins (e.g. vimentin, cytokeratin 19 
and small proline-rich proteins) have previously been impli-
cated in HPV infection in keratinocytes [17]. 

Differentially Expressed Proteins in Oral HPV Lesions 
from HIV(+) and HIV(-) Patients 

 After confirming papillomal protein identities, we further 
analyzed their relative expression between HIV(+) and 
HIV(-) patients. Protein expression changes (in iTRAQ™ 
ratios) were considered significant if they were different by 
at least 20% (p 0.05) [18]. Differentially expressed proteins 
that correlate with the HIV infection status in HPV oral le-
sions are shown in Table 1 which includes upregulation of 
CD44 antigen precursor, desmuslin, glutathione S-trans- 
ferase P, histone H2A.z, histone H3.3, histone H4, lamin 
A/C and down regulation of involucrin and cytokeratin 17 
(CK17). Unique peptides identified within these proteins are 
listed in Supplement Table 2. Fig. (1) provides examples of 
MS/MS spectra for the identification and quantification of 
CK17 and histone H2A.z. CK17 was downregulated (Fig. 
1A-D) while histone H2A.z was upregulated (Fig. 1E and F) 
in the HIV(+) samples. Two peptides corresponding to CK17 
(Fig. 1A and C) are shown to indicate quantification repro-
ducibiligy in iTRAQ™ analysis. 

Corroboration of iTRAQ
™

 Quantification Results by 
Immunohistochemistry (IHC) 

 In present analysis, CK17 was found to be down regu-
lated in oral HPV lesions in HIV(+) patients. To evaluate the 
iTRAQ™ quantification results, we compared CK17 expres-
sion in additional FFPE oral HPV lesions from HIV(+) and 
HIV(-) patients by IHC. Fig. (2) visually demonstrates the 
general trend of CK17 downregulation in representative pa-
pilloma sections from HIV(+) (Fig. 2B) patients as compared 
to HIV(-) (Fig. 2A) patients, overall corroborating quantita-
tive proteome analysis of FFPE tissues using iTRAQ™ tech-
nology. 

DISCUSSION 

 Until recently, IHC has been the primary technique for 
quantitative analysis of protein expression in formalin fixed 
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Table 1. Differentially Expressed Proteins in Oral HPV Lesions from HIV(+) and HIV(-) Patients 

Swiss-Prot Accession no. Protein No. of Unique Peptides 
Average Protein Ratio 

(HIV+)/HIV(-) 
p-value 

O15061 Desmuslin 2 2.84 <0.03 

P17317 Histone H2A.z 2 1.92 <0.00 

P84243 Histone H3.3 4 1.68 <0.05 

P02545 Lamin A/C 5 1.42 <0.05 

P62805 Histone H4 4 1.33 <0.05 

P09211 Glutathione S-transferase P 2 1.31 <0.02 

P16070 CD44 antigen precursor 2 1.27 <0.03 

P07476 Involucrin 10 0.72 <0.04 

Q04695 Cytokeratin 17 12 0.27 <0.02 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
Fig. (1). Examples of quantification and identification of proteins. Cytokeratin 17 (A-D) was downregulated and histone H2A.z (E and F) 
was upregulated in HPV(+) HIV(+) samples. Two peptides corresponding to cytokeratin 17 (A and C) are shown to indicate similar trends in 
peptide quantification. Peptide sequences were deduced from the MS/MS spectra, (B, D and F) based on the observation of continuous series 
of either N-terminal (b series) or C-terminal (y series) ions. Quantification of peptides was based on the relative iTRAQ reporter peak areas 
(A, C and E). 
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Fig. (2). Immunoperoxidase staining for cytokeratin 17. Variable staining of suprabasal keratinocytes is shown in papillomas removed from 
the oral mucosa. The overall observation is that of decreased staining intensity of oral papilloma keratinocytes in the HIV(+) patients (B) as 
compared to papillomas found in the HIV(-) patients (A) (100X), corroborating the iTRAQ quantification trend. 

tissues. However this technique lacks the throughput for un-
biased discovery of unforeseen proteomic changes. This 
study demonstrates a quantitative proteomic method for ana-
lyzing FFPE tissues by combining iTRAQ™ and Liquid Tis-
sue® technologies. With this approach, we have successfully 
compared the expression of 114 proteins from oral HPV le-
sions between HIV(+) and HIV(-) patients. To the best of 
our knowledge, no other study has reported quantitative 
analysis of more than 100 proteins from FFPE tissues, con-
sidering the paucity of materials available. This study was 
performed on cells that were needle dissected directly from 
standard formalin fixed tissue sections, yet use of laser-based 
tissue microdissection to focus on specific cell populations 
would provide even greater specificity of data. The impact of 
any new technology is based upon the new insights it can 
provide into the biology of the system under investigation. In 
this case, a variety of differentially expressed proteins were 
identified in oral papillomas from HIV(+) samples as com-
pared to HIV(-) samples. These included the upregulation of 
desmuslin, lamin A/C, histones H2A.z, H3.3, H4, glu-
tathione S-transferase P, CD44 and the down regulation of 
involucrin and CK17. CK17 is a member of the cytokeratin 
family of intermediate filaments and cytoskeletal proteins 
which are found in all cells, but are particularly prevalent in 
epithelial cells. They provide structural stability to the cell, 
as well as assistance with intercellular communication and 
attachment, the trafficking of membrane proteins, and the 
regulation of apoptosis [19, 20]. CK17 is normally expressed 
within certain epidermal appendages, such as the hair follicle 
and nail bed, the epidermal and mucosal stratum basale, and 
hyperproliferating squamous epithelia [20-23]. Histologic 
examination of oral papillomas has revealed a substantial 
proliferation of keratinocytes resulting in clinically apparent 
warty mucosal growths. The higher degree of expression of 
CK17 that we observed in the papilloma keratinocytes of the 
HIV(-) population may reflect a greater degree of differentia-
tion of these cells when compared to the HIV(+) patients. 
These differences point to an underlying modification in cell 
proliferation and maturation due to the influence of HIV on 
the patient’s immune system, allowing a less restrictive envi-
ronment for the replication of HPV. It is conceivable that 

such a situation leads to an increased emphasis on viral rep-
lication and assembly at the expense of CK17 production. 
Modulation of CK17 and above mentioned proteins in 
HIV(+) samples may represent an underlying mechanism(s) 
for interaction of HIV with HPV. To explore these possibili-
ties, further studies may be carried out.  

 The ability to quantify the proteome of diseased oral tis-
sues will be of valuable assistance to our understanding of 
oral diseases that will also assist with both diagnosis and 
patient management. Many oral conditions, such as autoim-
mune vesiculobullous and preneoplastic diseases present 
with similar, if not identical, clinical and histologic manifes-
tations. This often creates considerable difficulty in arriving 
at a definitive diagnosis and treatment plan, which is of con-
cern with differing management regimens and prognoses. 

 Historically, immunohistochemistry has been developed 
as a qualitative tool complementing the morphologic inter- 
pretation and is difficult to be implemented as a quantitative 
technique. Attempts to quantify using immunohistochemical 
staining intensity have typically relied on determining the 
overall staining intensity across the breadth of the tissue in 
question, and attributing a grade of low, moderate, intense, 
or negative by practitioners. Given the immense variability 
in procedural and interpretive protocols across the labs, 
staining intensity may not be simply used as a sole criterion 
for quantification. Although, we have found that IHC stain- 
ing with CK17 antibody on a representative set of samples 
corroborated our iTRAQ quantification results, we wish to 
further pursue to validate these iTRAQ results with a larger 
set of samples. By detecting protein expression differences 
in lesional tissue, it may be possible to reliably discriminate 
between similar diseases and manage patients appropriately. 
In addition, the presence of certain proteins may yield clues 
to subsequent disease behavior, allowing health care workers 
to target those individuals who are more likely to experience 
disease progression or relapse. 

CONCLUSION 

 FFPE tissues provide a convenient medium to analyze a 
wide variety of pathological materials. The ability to perform 

(A) HIV(-) 

(B) HIV(+) 
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large scale quantitative proteomic analysis of formalin fixed 
tissue would lead to greater understanding of the biological 
processes of disease and lead to improvements in diagnosis 
and treatment. Results reported here demonstrate that quanti-
fication of proteins using iTRAQ™ reagents can be applied to 
conduct large scale quantitative proteomics analysis of the 
vast archives of formalin fixed tissues. 

ABBREVIATIONS 

HPV = Human papilloma virus 

HIV = Human immunodeficiency virus 

FFPE = Formalin fixed and paraffin-embedded 

iTRAQ™ = Isobaric tags for relative and absolute  
quantitation 
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