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Abstract

Early detection of a premalignant or cancerous oral lesion promises to improve the survival and the
morbidity of patients suffering from these conditions. Cytological study of oral cells is a non-
aggressive technique that is well accepted by the patient, and is therefore an attractive option for the
early diagnosis of oral cancer, including epithelial atypia and squamous cell carcinoma. However its
usage has been limited so far due to poor sensitivity and specificity in diagnosing oral
malignancies. Lately it has re-emerged due to improved methods and it's application in oral
precancer and cancer as a diagnostic and predictive method as well as for monitoring patients.
Newer diagnostic techniques such as "brush biopsy" and molecular studies have been developed.
Recent advances in cytological techniques and novel aspects of applications of scraped or
exfoliative cytology for detecting these lesions and predicting their progression or recurrence are
reviewed here.
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Introduction

Oral cancer is the most common cancer and constitutes a major health problem in developing
countries, representing the leading cause of death. Although representing 2–4% of the malignancies
in the West, this carcinoma accounts for almost 40% of all cancers in the Indian subcontinent [1]. A
key factor in the lack of improvement in prognosis over the years is the fact that a significant
proportion of oral squamous cell carcinoma (OSCC) are not diagnosed or treated until they reach an
advanced stage. This diagnostic delay may be caused by either patients (who may not report unusual
oral features) or by health care workers (who may not investigate observed lesions thoroughly) and
it is presumed that such delays are longer for asymptomatic lesions. The prognosis for patients with
OSCC that is treated early is much better, with 5-year survival rates as high as 80%. In addition, the
quality of life improves after early treatment, because cure can be achieved with less complex and
less aggressive treatment than is necessary for advanced lesions.

A significant proportion of oral squamous cell carcinomas (OSCC) develop from premalignant
lesions such as leukoplakia and oral submucous fibrosis (Fig. 1). Adjuncts for detection of lesions
and selection of biopsy sites include vital tissue staining (with Toluidine blue Fig. 2) and exfoliative
cytology. Unfortunately, sensitivity of cytological diagnosis in a meta-analysis of 1306 cases from
14 studies showed an average of only 87.4% (ranging from 73.8 to 100%)[2]. Histological
examination of tissue remains the gold standard for diagnosis and identification of malignant oral
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lesions. Biopsy is an invasive technique with surgical implications, technique limitations for
professionals and psychological implications for most patients. It also presents limitations when the
lesions are large and in these cases it is important to select the most appropriate site of biopsy.
Furthermore, even though the biopsy study is fundamental, it is a diagnostic method with limited
sensitivity where one of the most important features is the subjective interpretation of the
examining pathologist. These issues underline the importance of discovering and developing new
diagnostic methods, improving the existing ones and discovering new therapeutics targets for oral
neoplastic diseases [3-6]. In recent decades, we have seen a dramatic switch from histopathological
to molecular methods of disease diagnosis and exfoliative cytology has gained importance as a
rapid and simple method for obtaining DNA samples. Changes occur at the molecular level before
they are seen under the microscope and before clinical changes occur. Identification of high-risk
oral premalignant lesions and intervention at premalignant stages could constitute one of the keys to
reducing the mortality, morbidity and cost of treatment associated with OSCC. In addition, certain
patients are known to be at high risk for head and neck cancer, specifically those who use tobacco
or alcohol and those over 45 years of age. Such patients can be screened by physical examination,
and early-stage disease, if detected, is curable. Just as visual inspection of the uterine cervix has
been shown to be an unreliable means of identifying precancer and cancer, clinical inspection of the
oral cavity has been shown to be equally unreliable in identifying precursor lesions and early
cancers. [7,8]. In a recent study of 647 lesions interpreted by academicians to be innocuous on
clinical inspection, 29 (4.5%) were confirmed to be dysplasia or carcinoma [9].

Figure 1
Clinical picture of a patient with oral submucous fibrosis of lower lip

Figure 2
Clinical picture of a patient with dysplasia of lower lip showing positive toluidine blue

staining.
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Cytological techniques

Oral brush biopsy

Oral cells can be obtained by different physical systems of scraping the surface of the mucosa, by
rinsing the oral cavity or even by taking a sample of saliva from the patients. The reliability of the
different instruments used in oral exfoliative cytology has been reviewed in different studies
[10,11]. The ideal instrument used for making a good cytological smear should be easy to use in
any location, cause minimum trauma and provide an adequate and representative number of
epithelial cells [11]. It has been shown that a brush is an adequate instrument due to its ease in
sampling and to the quality of the oral cytologic sample (Fig. 3). Brush biopsy is a simple,
relatively inexpensive, high sensitive, risk-free method of screening for cancer and serves as an aid
to the clinical examination (Fig. 6, 7, 8). The improved accuracy is attributed to the ease in
obtaining full transepithelial cellular samples and the evaluation of smears with an image analysis
system that has been adapted specifically to detect oral epithelial abnormalities by some workers
[12]. Full-thickness sampling (indicated by pinpoint bleeding during procedure Fig. 4) is essential if
histomorphological, evaluation of the collected cells is to yield representative findings. For
example, many dysplastic lesions are first identified in the basal epithelial layers, and the diagnostic
histomorphological findings may be lost as the cells mature and parakeratin and keratin are
produced (Fig. 5). To the classical applications of the oral cytologic studies, such as oral
candidiasis, others have been added, such as studying the epithelial infection due to Epstein-Barr
virus in oral lesions of hairy leukoplakia, widening its possibilities [13]. The importance of brush
biopsy has been recently emphasized in a multicenter study where nearly 5% of clinically benign-
appearing mucosal lesions were sampled by this technique and later confirmed by typical scalpel
biopsy to represent dysplastic epithelial changes or invasive cancer. [18] Other authors have also
demonstrated the ability of the brush biopsy to uncover similar type lesions that were not clinically
suspicious for carcinoma or preinvasive disease [14]. There are controversies related to the real
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suspicious for carcinoma or preinvasive disease [14]. There are controversies related to the real
value of this technique in the early detection of OSCC. The existence of false positives has been
pointed out showing high sensitivity (90%) and low specificity (3%) [15]. Nevertheless, these data
have been discussed previously [16]. In a recent study by Potter et al., four false negatives of a total
115 analysed cases were found. Although the number of false positive cases is small it is important
to emphasize that the mean delay time in diagnosing a carcinoma in these cases was of 117.25 days
[17]. However, more independent studies analysing its true validity and reliability as well as its
applicability and its comparison with other techniques are necessary. Multiple studies with different
results have been carried out, analysing the application of the cytology in the detection of dysplastic
lesions. In a study from Sudan, oral scrape smear cytological analysis has been proposed as a useful
early diagnostic method for epithelial atypia and therefore also for malignant oral lesions [18].
Despite the improvements in the methods used for collecting oral cytological material this
methodology still presents problems in diagnosing oral cancer. Problems are mainly due to the
existence of false negatives obtained as a result of a non representative sample as well as the
subjectivity of the cytologic evaluation [19].

Figure 3
Technique of brush biopsy emphasizing pin-point bleeding of the oral mucosa.

Figure 4
Picture demonstrating spreading of brush biopsy sample on a slide.

Figure 5
Photomicrograph of a brush biopsy specimen from oral submucousfibrosis showing

anucleated hyperkeratinized cells and a superficial squamous cell. (H & E × 400).

Figure 6
Photomicrograph of a oral brush biopsy specimen from a patient of squamous cell

carcinoma buccal mucosa showing a binucleated cell with evidence of intracellular

and extracellular keratinization in a inflammatory background. (H & E × 400). (more

...)

Figure 7
Photomicrograph of a oral brush biopsy specimen from a patient of squamous cell

carcinoma of buccal mucosa with high nucleo-cytoplasmic ratio marked atypia, and

coarsely granular chromatin in a necrotic background .(Modified pap × 1000).

Figure 8
Photomicrograph of a oral brush biopsy specimen from a patient of squamous cell

carcinoma of buccal mucosa with high nucleo-cytoplasmic ratio coarsely granular

chromatin and a multinucleated cell showing evidence of vascular invasion. (H&E ×

(more ...)

Liquid based cytology

Since liquid-based cytology was developed in the 1990s various comparative studies have shown
that it can offer significant advantages over conventional exfoliative cytology. Results obtained
from uterine cervix examination, for example, have shown that the liquid-based preparations reduce
the problems related to sampling error, poor transfer and fixation of the cellular sample [20-24]. In
cervical uterine cancer screening, the liquid-based preparations have also demonstrated a significant
reduction in false-negative rates as compared with those of conventional smears [20-23,25]. In a
recent study from Brazil [26] the liquid-based preparations resulted in higher specimen resolution
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recent study from Brazil [26] the liquid-based preparations resulted in higher specimen resolution
as well as presenting a better cytological morphology for pemphigus vulgaris, squamous cell
carcinomas, HSV lesions and fungus infections. For HSV lesions, in particular, the observation of
the cytopathological features indicative of viral infections (binucleation, multinucleated cells)
greatly improved with the liquid-based technique [26].
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Application of techniques

Response to radiation therapy

Radiotherapy is frequently used as a standard treatment for locally advanced carcinoma of oral
cavity. Although the response of malignant tumours and surrounding normal tissue to various doses
of ionizing radiation is generally predictable, variability in the host-tumour reaction in a specific
individual makes the response unpredictable. The cytological evaluation of sequential oral smears
during radiation therapy presents a unique opportunity to study the radiation response of oral
malignant tumours. Earlier reports have described various cytoplasmic and nuclear changes in a
variety of malignant cells evaluated by cytology after radiation therapy and included cellular
enlargement, vacuolization, cytoplasmic granulation, nuclear enlargement, pyknosis, karyorrhexis,
karyolysis, multinucleation, micronucleation, nuclear budding and binucleation (Fig. 9, 10). Later
on micronucleation was accepted as a reliable indicator for monitoring the effectiveness of
chemopreventive agents against cancer and for monitoring the toxicity of chemicals. In a study by
the author comparing the post-radiation changes in normal and malignant oral cells it was found that
various morphological abnormalities demonstrated a consistent significant increase with radiation
dose [27].

Figure 9
Photomicrograph of malignant cells after radiation therapy showing multinucleation

and micronucleation. (H&E × 1000).

Figure 10
Photomicrograph of malignant cells after radiation therapy showing multiple nuclear

budding. (H&E × 1000).

Apoptotic cells

In the smears of patients treated for OSCC, the percentage of apoptotic cells has been studied [28].
This detection can also be quite useful for monitoring patients' reaction to chemotherapy.

Cytomorphometry

Ogden et al. [29] suggested that quantitative techniques, based on the evaluation of parameters such
as nuclear area (NA), cytoplasmic area (CA), and nucleus-to-cytoplasm area ratio (NA/CA), may
increase the sensitivity of exfoliative cytology for early diagnosis of oral cancers, since these
techniques are precise, objective and reproducible. Cowpe et al. [30] demonstrated that exfoliative
cytology is capable of detecting malignant changes, through estimation of NA/CA using the
planimeter method in Papanicolaou-stained smears. This study, published in 1985, concluded that
50 cells were sufficient to provide indication of malignant changes. Since then, a number of studies
have been carried out using the technique described by these authors to evaluate the influence of
diverse systemic and external factors on NA, CA and NA/CA. In these studies planimeters have
been replaced by semiautomatic image analysis techniques, which are faster, more accurate and
more reproducible [31,32]. Cowpe et al. [33] found that tissues undergoing malignant
transformation typically show a reduction in CA before the reduction in NA. They also suggested
that samples of healthy mucosa from the same patient provide the best control. Ramaesh et al. [34]
used cytomorphometric techniques to assess nuclear diameter (ND) and cytoplasmic diameter (CD)
in normal oral mucosa, in dysplastic lesions and in squamous cell carcinomas. They found that CD
was highest in normal mucosa, lower in dysplastic lesions, and lowest in SCCs. By contrast, ND
was lowest in normal mucosa, higher in dysplastic lesions, and highest in SCCs. These studies
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was lowest in normal mucosa, higher in dysplastic lesions, and highest in SCCs. These studies
suggested that reduced nuclear size and increased cytoplasm size are useful early indicators of
malignant transformation, and thus exfoliative cytology is of value for monitoring clinically suspect
lesions and for early detection of malignancy.

Nuclear DNA content and DNA-image cytometry

Static cytometry permits the quantification of DNA content in cells obtained by exfoliative
cytology. However, routine Haematoxylin-Eosin staining is inadequate for this purpose, and special
techniques are required to ensure that staining intensity is in proportion to DNA content. The
Feulgen reaction meets this criterion, since it is a stoichiometric procedure: in other words, each
fixed molecule of Schiff's reagent corresponds to a constant and equivalent portion of the DNA
molecule. The advantage of this procedure is that staining intensities (and thus DNA contents) can
be determined automatically by spectrophotometry or densitometry as well as digital image analysis
[35].

Using cytology and DNA-image cytometry, it is easy to prove that oral lesions with the diagnosis of
lichen planus and other inflammatory diseases show no suspicious cells. A recent review of
literature places the rate of malignant transformation of lichen planus to squamous cell carcinoma at
0.2% [36]. On the contrary, the presence of malignant cells was demonstrated in one of 21 cases
with leukoplakia (4.76%), in all cases with erythroplakia and in all squamous cell carcinomas. A
meta-analysis of 2236 cases of leukoplakia from five studies has revealed a range of malignant
transformation of leukoplakia between 2.2 and 17.5%. Furthermore, Sciubba [37], Silverman et al.
[38] and Mashberg et al. [39] emphasized the fact that erythroplakia, occurring as either an isolated
lesion or as a component of leukoplakia (erythroleukoplakia) is a marker of severe epithelial
dysplasia or carcinoma in situ. In fact, 90% of erythroplakia were histologically diagnosed as in situ
or invasive carcinomas. In one study, it was shown that sensitivity of cytological diagnosis
combined with DNA-image cytometry may reach 100%, whereas specificity was 97.4%. The
authors reported a case of erythroplakia in which intraobserver variability among four pathologists
led to diagnoses ranging from mild to severe dysplasia and because of the cytological and DNA
cytometric diagnosis (severe dysplasia with DNA aneuploidy), this case was finally diagnosed on
early cytological and DNA-cytometric diagnosis prior to the histological diagnosis [40].
Remmerbach et al have reported that sensitivity of cytological diagnosis combined with DNA-
image cytometry was 98.2% and specificity 100%, when compared with the gold standard' of
histology [41]. In a study, Maraki et al. analyzed 150 patients with histologically proven epithelial
dysplasia of which 36 developed squamous cell carcinoma. DNA-cytometry showed DNA-diploidy
in 105 patients. 20 patients had DNA-polyploidy and in 25 patients DNA-aneuploidy was found at
the time of the initial diagnosis. Carcinoma developed in only three of the 105 diploid lesions when
compared with 21 of the 25 aneuploid lesions. Remmerbach et al. [42] concluded in the clinical
setting that DNA-aneuploidy might detect histologically obvious malignancy, 1–15 months prior to
histology. Sudbo et al. analyzed archival material and reported that the nuclear DNA-content in
cells of oral leukoplakia may be used to predict the risk of oral epithelial dysplasia up to 5 years
before histological diagnosis [43]. Based on these observations, they proposed brush biopsies with
cytological/DNA-cytometric examination for microscopic evaluation of white or red patches of the
oral cavity (leukoplakia or erythroplakia). The finding of tumor cells or DNA-aneuploidy should
lead to a total excision of the respective lesions and histological examination.

Top 
Abstract 
Introduction 
Cytological

techniques 
Application of

techniques 
Molecular analyses 
Conclusion 
References 

Molecular analyses

While the classic oral cytologic evaluation is labour intensive and requires a high degree of
expertise for identifying and evaluating cells with suspicious morphology the analysis of molecular
alterations is objective and tries to identify specific genetic anomalies [6]. The possibility of
extracting RNA from cells obtained by scraping has recently been demonstrated emphasizing its
usefulness in the early diagnosis of oral premalignant and cancerous lesions [44].

1. Gene alterations

Nowadays malignancy is considered as a process caused by the accumulation of multiple genetic
alterations, which affect the cell cycle as well as normal cell differentiation. These alterations are
mainly acquired (somatic) although some of them may be inherited and when they activate
protooncogenes, inactivate tumour suppressor genes or affect enzymes, which repair DNA, they
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protooncogenes, inactivate tumour suppressor genes or affect enzymes, which repair DNA, they
could lead to a malignant transformation. Most of the oral cavity carcinogens are chemical
(tobacco), physical (radiation) and infectious (Human papilloma virus, Candida) mutagenic agents
that may cause changes in gene and chromosome structure by point mutations, deletions, insertions
and rearrangements. However, some of these changes may occur spontaneously. These genetic
alterations, which occur during carcinogenesis, can be used as targets for detecting tumour cells in
clinical samples [4,6,45]. Molecular analysis can identify a clonal population of cancerous cells.
Mutations in the tumour suppressor gene p53 are the most frequent genetic alterations in human
cancer and show a variable frequency in oral cancer [46]. Several authors have studied and in some
cases demonstrated the potential clinical application of oral cytology for detecting point mutations
in p53 as a specific neoplastic marker in OSCC [45,47-49]. However, other authors consider that
the high number of point mutations, which can be found in p53, limit its potential clinical
application in cost-effective early detection of oral cancer [50].

2. Epigenetic alterations, Loss of hetrozygosity and Microsatellite
instability

The applicability of other molecular markers such as epigenetic alterations (hypermethylation of
promoter regions) and genomic instability such as loss of hetrozygosity (LOH) and microsatellite
instability (MSI) has also been studied. [50,51]. The main epigenetic modification in tumours is
methylation and it seems that the changes in the methylation patterns can play an important role in
tumorigenesis. These epigenetic alterations are often associated with the loss of genetic expression
and their occurrence seems to be essential for the multiple necessary genetic events. So malignant
progression takes place because these alterations can inactivate DNA repairing genes. Rosas et al.
studied the methylation patterns of p16, MGMT and DAP-K genes in smears of patients suffering
from head and neck cancer [50]. They detected abnormal hypermethylation patterns in both kinds
of samples by a methylation specific Polymerase Chain Reaction (PCR). They proposed that this
technique allows a sensitive and efficient detection of tumoral DNA and it is potentially useful for
detecting and monitoring recurrences in these patients. Loss of heterogeneity (LOH) and other
molecular changes indicative of oral carcinogenesis can be readily identified in exfoliated cells
[52-54]. Huang et al. [55] used PCR techniques to amplify DNA from exfoliated cytology samples
from oral carcinomas, for analysis of Restriction-Fragment Length Polymorphisms (RFLPs). They
found that 66% of the tumours studied showed LOH at one position in the p53 sequence, while 55%
showed LOH at some other location. PCR and RFLP analysis have also been used for the detection
of microsatellite markers, i.e. short repetitive DNA sequences. Microsatellite mutations, LOH or
instability (MI) are all characteristic of the squamous cell carcinomas of head and neck, and can
thus be used as molecular markers of malignancy. Microsatellite regions are distributed along the
genome and have been widely and satisfactorily used as molecular markers for carcinogenesis.
Alterations in these regions have been used as clonal markers and for detecting tumoral cells among
normal cells [56,57]. Several studies have demonstrated these by using microsatellite markers that
alterations in certain regions of chromosomes 3p, 9p, 17p and 18q are associated with the
development of head and neck squamous cell carcinomas [58,59]. Nunes et al.[60] performed a
microsatellite analysis of cells sampled from the oral cavity of oral and oropharyngeal cancer
patients by exfoliative cytology and by mouthwash, finding LOH in 84% of samples, though with
differences depending on tumour stage. These authors suggested that techniques of this type might
be useful for early diagnosis and for patient monitoring. In another study, Spafford et al. identified
genetic alterations (LOH or MI) in all of the malignant lesions of the oral cavity included in their
sample. [6] Conversely, none of their healthy patients showed such alterations, indicating the very
high specificity of these methods.

3. Viral genome studies

Archival cytology slides can also be used for HPV DNA detection with ISH. The diagnosis of
metastatic lesions usually is determined by fine-needle aspiration. Human papillomavirus (HPV) is
now being considered as a causative agent in a subset of HNSCC (FF). Presence of HPV DNA by
in situ hybridization (ISH) in metastatic lesions from HNSCC using alcohol-fixed, archival,
cytopathological material; was studied and the cytologic features of HPV-positive metastatic lesions
of HNSCC were characterized; and HPV DNA and the origin of metastatic lesions was correlated
[61]
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4.Proliferation index and AgNOR analysis

Ki 67 has been studied in oral cytological smears using Immunocytochemistry to evaluate the nature
of lesion and response to treatment. Sharma et al, evaluated Ki-67 expression in cytologic scrapes
from oral squamous cell carcinoma before and after 24 Gray radiotherapy in 43 patients. Ki-67
expression was seen in an extremely small number of cells. Only 10 tumours showed positive cells,
and the labeling index in them varied from 0.1 % to 0.01 %. After 24 Gray irradiation, no case
showed Ki-67 positive cells[62]. The validity of oral cytology for analyzing the number of
keratinised cells and the nucleolar activity (AgNORs) in smoking patients has recently been
demonstrated [63]. Remmerbach reported on AgNOR analysis in oral cytology and concluded that
this may be used as a routine method for diagnosing oral cancer [64].

5. Immunohistochemical identification of tumour markers

The identification of tumoral markers, notably cytokeratins in smears from the oral cavity has
attracted considerable interest. Cytokeratin expression profile provides useful information on cell
differentiation status [64] but its potential for early diagnosis of oral cancer is limited [66].
However, certain cytokeratins, such as K8 and K19 are useful if not definitive indicators of
malignancy, particularly if their presence is interpreted in conjunction with other information, such
as DNA profile [67,68].
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Conclusion

Oral cytology is becoming increasingly important in the early diagnosis of oral cancers, as a
procedure for obtaining cell samples that can then be analysed by sophisticated diagnostic
techniques such as cytomorphometry, DNA cytometry, and molecular analyses. The advent of
techniques like Toluidine blue staining, brush biopsy and application of sophisticated computer
programs has changed the scenario and made the interpretation of findings far more reliable. than
earlier. The cytological study of oral cavity cells is simple and rapid, non-aggressive and relatively
painless: it is thus well accepted by patients and suitable for routine application in population
screening programmes, for early analysis of suspect lesions, and for pre-and post-treatment
monitoring of confirmed malignant lesions.

Top 
Abstract 
Introduction 
Cytological

techniques 
Application of

techniques 
Molecular analyses 
Conclusion 
References 

References

1. Mehrotra R, Singh M, Kumar D, Pandey AN, Gupta RK, Sinha US. Age specific incidence rate and pathological
spectrum or oral cancer in Allahabad. Ind J Med Sci. 2003;57:400–4.

2. Kaugars GE, Silverman S, Ray AK, et al. The use of exfoliative cytology for the early diagnosis of oral cancers: is
there a role for it in education and private practice? J Cancer Educ. 1998;13:85–9. [PubMed]

3. Epstein JB, Zhang L, Rosin M. Advances in the diagnosis of oral premalignant and malignant lesions.
J Can Dent. 2002;68:617–21.

4. Ogden GR, Cowpe JG, Green MW. Detection of field change in oral cancer using oral exfoliative cytologic study.
Cancer. 1991;68:1611–5. [PubMed]

5. El-Naggar AK, Mao L, Staerkel G, Coombes MM, Tucker SL, Luna MA, et al. Genetic heterogeneity in saliva
from patients with oral squamous carcinomas: implications in molecular diagnosis and screening.
J Mol Diagn. 2001;3:164–70. [PubMed]

6. Spafford MF, Koch WM, Reed AL, Califano JA, Xu LH, Eisenberger CF, et al. Detection of head and neck
squamous cell carcinoma among exfoliated oral mucosal cells by microsatellite analysis.
Clin Cancer Res. 2001;7:607. [PubMed]

7. Wesley R, Sankaranarayanan R, Mathew B, Chandralekha B, Aysha Beegum A, Amma NS, Nair MK. Evaluation
of visual inspection as a screening test for cervical cancer. Br J Cancer. 1997;75:436–440. [PubMed]

8. Mehrotra, R.;Gupta, A.; Singh, M. Brush biopsy in the early diagnosis of oral soft tissue lesions. In: Verma AK. ,
editor. Tobacco Counters Health. III. New Delhi: Macmillan; 2004. pp. 216–19.

9. Sciubba JJ, (US collaborative oral CDx study group). Improving detection of precancerous and cancerous oral
lesions. Computer assisted analysis of the oral brush biopsy. JAM Dent Assoc. 1999;130:1145–57.

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1448188#B64
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1448188#B62
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1448188#B63
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1448188#B68
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1448188#B67
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1448188#B66
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1448188#B64
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0Vj8HeRV-20pw3Y6XTLipvhKv89eKc_YyhHCVfpHkuNfr8lnhbnEgCbRF8PDSwBh1ps-6D-KqoqkjynpcB70js434FleP7OXxcjDFLBovnkPgFE0k&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=9659626
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=00t84Igw7-W9uPCZorcb1ZXXS2eOhcfcH9ceLp4HBKAivjvoI41UNviGns2IztAeXVTmBR_l_rCDXNQ7cxcjLBZcizJJgf1yzmSxfgFTvCJagegFi&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=1893361
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0O1Ki-NsQd2pM4YDhZl9PnBHJesHQKcOOeLTVC5mXxytKE2I5QMXeZBa1Z7ycemyZCeJDZeEg8fMSlntjkKBEyJMwZ3xM5EDRHCPYXavovb9wdRTMd&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=11687600
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0HV-sOHkYodPbqKxOL8w5cMeUzyS6Ni9lXPhGPdy1plL1EfBoEQJUIk97Sh27kUzfPzO3Y0hoY41vjep5bVJbwU2PHy5KMNQmoFaS6V5HjwpULneLb&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=11297256
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0kIJYpI5SQIHsNKcS2x1Qbp9SKiAjj1QGel-NzZ86aT4I7aerv3Fsa6R-1y5FhKE-CvQ5ITHkENAo_i-RZSiOqfSQ0cHpIo36kFGLj4tolwcMXTTo&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=9020493


12/3/07 9:01 PMApplication of cytology and molecular biology in diagnosing premalignant or malignant oral lesions

Page 8 of 10http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1448188

10. Ogden GR, Cowpe JG, Green M. Cytobrush and wooden spatula for oral exfoliative cytology. A comparison.
Acta Cytol. 1992;36:706–10. [PubMed]

11. Jones AC, Pink FE, Sandow PL, Stewart CM, Migliorati CA, Baughman RA. The Cytobrush Plus cell collector in
oral cytology. Oral Surg Oral Med Oral Pathol. 1994;77:95–9. [PubMed]

12. Svirsky JA, Burns JC, Page DG, Abbey LM. Computer-assisted analysis of the oral brush biopsy.
Compend Contin Educ Dent. 2001;22:99–106. [PubMed]

13. Walling DM, Flaitz CM, Adler-Storthz K, Nichols CM. A non-invasive technique for studying oral epithelial
Epstein-Barr virus infection and disease. Oral Oncol. 2003;39:436–44. doi: 10.1016/S1368-8375(03)00002-2.
[PubMed]

14. Banoczy J. Exfoliative cytologic examinations in the early diagnosis of oral cancer. Int Dent J. 1976;26:398–404.
[PubMed]

15. Rick GM, Slater L. Oral brush biopsy: the problem of false positives.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2003;96:252. [PubMed]

16. Frist S. The oral brush biopsy: separating fact from fiction.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2003;96:654–6. [PubMed]

17. Potter TJ, Summerlin DJ, Campbell JH. Oral malignancies associated with negative transepithelial brush biopsy.
J Oral Maxillofac Surg. 2003;61:674–7. doi: 10.1053/joms.2003.50136. [PubMed]

18. Ahmed HG, Idris AM, Ibrahim SO. Study of oral epithelial atypia among Sudanese tobacco users by exfoliative
cytology. Anticancer Res. 2003;23:1943–9. [PubMed]

19. Nichols ML, Quinn FB Jr, Schnadig VJ, Zaharopoulos P, Hokanson JA, Des Jardins L, et al. Interobserver
variability in the interpretation of brush cytologic studies from head and neck lesions.
Arch Otolaryngol Head Neck Surg. 1991;117:1350–5. [PubMed]

20. Bishop JW, Bigner SH, Colgan TH, Husain M, Howell LP, McIntosh K, et al. Multicenter masked evaluation of
AutoCyte Prep thin layers with matchedconventional smears–including initial biopsy results.
Acta Cytol. 1998;42:189–97. [PubMed]

21. McGoogan E, Reith A. Would monolayers provide more representative samples and improved preparations for
cervical screening? – overview and evaluation of systems available. Acta Cytol. 1996;40:107–19. [PubMed]

22. Vassilakos P, Cossali D, Albe X, Alonso L, Hohener R, Puget E. Efficacy of monolayer preparations for cervical
cytology–emphasis on suboptimal specimens. Acta Cytol. 1996;40:496–500. [PubMed]

23. Howell LP, Davis RL, Belk TI, Agdigos R, Lowe J. The AutoCyte preparation system for gynecologic cytology.
Acta Cytol. 1998;42:171–7. [PubMed]

24. Grohs, HK.;Zahniser, DJ.; Geyer, JW. Standardization of specimen preparation through mono/thin-layer
technology. In: Grohs HK, Husain OAN. , editor. Automatedcervical cancer screening. New York: Igaku Shoin;
1994. pp. 176–85.

25. Sprenger E, Schwarmann P, Kirkpatrick M, Fox W, Heinzerling RH, Geyer JW, et al. The false negative rate in
cervical cytology. Acta Cytol. 1996;40:81–9. [PubMed]

26. Fábia, HayamaH.;Ana, MottaCF.;Antonio, Silva de Padua G.; Dante, MigliariA. Liquid-based preparations versus
conventional cytology: specimen adequacy and diagnostic agreement in oral lesions.
Oral Medicine and Pathology. 2005;23:1927–33.

27. Mehrotra, MadhuR.; Singh, M. Serial scrape smear cytology of radiation response in normal and malignant cells of
oral cavity. Indian J Pathol Microbiol. 2004;47:497–502. [PubMed]

28. Cheng B, Rhodus NL, Williams B, Griffin RJ. Detection of apoptotic cells in whole saliva of patiens with oral
premalignant and malignant lesions: A preliminary study.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2004;97:465–70. [PubMed]

29. Ogden GR, Cowpe JG, Wight AJ. Oral exfoliative cytology: review of methods of assessment.
J Oral Pathol Med. 1997;26:201–5. [PubMed]

30. Cowpe JG, Longmore RB, Green MW. Quantitative exfoliative cytologyof normal oral squames: An age, site and
sex related survey. J R Soc Med. 1985;78:995–1004. [PubMed]

31. Cowpe JG, Green MW, Ogden GR. Quantitative cytology of oral smears-a comparison of two methods of
measurement. Analyt Quant Cytol Histol. 1991;13:11–5. [PubMed]

http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=08ixs5nzNDt7fa3hovhH2UNLGaqdJfKw4EKzI5S_ylDw0o823rp5szxOE57s589KLwlcFMaofa6IZ_Zs_JCywXYUXDNZdLhP7cyWHxSbI8RGwYJGL&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=1523928
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0u51MhzgqLhSufjzadmnXwFb9ZDrcyGhzwtWXHiHIEWUlE9rhjWrNPripXIvTs7Ln_OrBJZxNgxlyoHCD0ar8tfFHX52Q_bW3sobSohdVVqPsDIJ-&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=8108108
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0DJ1xOksABMMkgL73-sLJgjuqe-Tr-NB3rSIiQsQUuLGB93yaSymAag5aDnyrUynN9xI3RpMvGHRSu_FyjMzVwaL2H_6Ddr5hhHZ0fChEah3ABmQOm&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=11911069
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=02EmRT1BMZX9ETLTX-GEW38MCN0_yXHuEh-qTrcB_vYOwvuCUhPaTfUIjQlNbT9VHsnb3vK0-jVG_KxmLJYqLYibWDf927oDPVVeZs8guk0sgWM6pr&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=12747967
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0evhF08vSkRSd29my4ztYJvJFCF3ZNOGkj2Jd24SfGGA18xze0OvUHj-geQFkB_yjZpOC5lCwBLUnYNnABTGGrmqgl_Dn-x7Xa1eMm2X3rq2UHXX3&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=1068977
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0BSbNlInL2ktasYWxBEnECjBIqSDmHcitio4xlKi_mSZCM4Akgz7GdVkGhGbSgCABGPU-ljbbcqWj0DDhYPtC8nt8ZTVdP9ssRgnuRKRZL5syG-8jh&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=14515857
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0apJqvAu3t6IiFIUVZmFp1kZKme94FPHYbdCezMbHFRVJLhVIIP0bhpV3NbVwKSWcpWoaTrga2VTPbDb93vnQSfwyZB2jdEJGOEH70N1f1B6_vYUB9&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=14723218
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0tXPx87bkJFH9IlS2iTIdCoS40jD2Ufg8RdalaDk-sMt1LPKLOlINVeGK-5UCbGaEyKXn8pf0hUUQiUqi1g7Tnrjtwd8eAZts9F7LNMoOCanq-khCd&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=12796875
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0eMx9dBmHBeumHICfm9i9iRd4RnoUoUoLUcSXFloD08YMQieGpudANypt_JtY9o4e8_REEftmQaLuBRxgFsfM5XS1tXDZ7dsUPoE0MxXuHmSU_IJvr&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=12820484
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0iERSumdG_vhYzCrrTCxkCK2HdAFaux7uNCHD6HjIZmkckMxicueb9u3kAbrnhm2OdCK7Zfr2QvERSJOSepXCvJ3TucM5UNl5rOXRs4bRinyEsZ2D&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=1845260
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=02vQS8rdoMgKAJIYyIpDfSTAY9yjSAOIOwhlFFGulQD1FIrQeJRUH6SESB1laPvznd1X09_gKy0iol5IbDzf1w6DFAb-Xu5u5iT_PGpDfNb4gHzLX&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=9479339
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0eOmpEQTRORZAKYmD4hP7fGrFD0AxsMGaF_k7C4Y_7pPc8RkKl8-U0earPSFyTPh6vpaNUynjBxy3dDTAB8gQcTqXJmW-0xghDWPym4f861HUwGwJ&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=8604562
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=013itTeELms9sSvdOG0llJmoAl2s8eCXiOm7I79atqOJ6eGqBPQ4__uq2bEfODR0021LHopjVrQqkEGCSpnoK-lTPcXX0lZ06NhNebdJ0PMKQwOwf&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=8669185
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0ixx-bFahLvvjWkr6TM5-y1DHqmynpP7UbHd2IHqXjVJdkC2nmC6b__KQkArnEHGMgCFHwBxbQ98Ai89S2suTdu3Osoe_pNoI-oELsgOmAlUE2Lz3&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=9479336
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0DsqeDLtBFr7k9FMgIwaOtQ1g3MG9H8nd-mhh_W_7wBskXzohA9SU98iTlXC-vFMEFSFMfiUzXcRAIiPSKziOpnjK-zTmp8RN8DU8VIXuwqqA9pN9&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=8604579
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0Bed5jwKr8ktEIdZkBwfLeRgIbhIRFiiVNHL7DKmtkr_ZMhhiEUXGBbOSKjbTvRj4cPGUUMOXcYOfgUWhenj9pXtt97OF890QBv3JRHs4HQjyL2ybf&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=16295375
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0FVuqnPrQkcGw2lV407jd8peZKsxZoKni6wAasQ_zE-aB7wNCeKGZDVPWr_MGT9mgETWIfLwWVrBTfXuM7_5NZZYGAAr48NpZfr4QUo_uZXbKO_sGZ&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=15088030
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0cx_sKMJlejpJFGqMKxYvoFdFD8pfZLpedehD8RdLgy0jqN7NmYwaNv7tEG088ZyzJbQ_Nqm23Pq702gX9FBk8mPDalDbfdAIiKh5lvY9Y2mY9hLl&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=9178170
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0PZCPaIlCU6G_jGjb8Kt923_LetJPnNVipInHJRdD62gRK-9RUUg1XNs9Kedrh3ufQoZnQS1PVcg5p5j8Lx7sbrp3VNOyJNSBNjuiLsxigkFYKnPM&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=4067983
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0PYx2n85sL3BexM8h1IlZU9mozh9aEGeURzRodiLatysdp4x5naW8W2AWUaWjmQ7naLNmL6dpeZzE_Bj1xyzhOBK0g9emSmukHttGo7Ft-Tm9ZtUv&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=2025369


12/3/07 9:01 PMApplication of cytology and molecular biology in diagnosing premalignant or malignant oral lesions

Page 9 of 10http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1448188

32. Cowpe JG, Ogden GR, Green MW. Comparison of planimetry and image analysis for the discrimination between
normal and abnormal cells in cytological smears of suspicious lesions of the oral cavity. Cytopathol. 1993;4:27–36.

33. Cowpe JG, Longmore RB, Green MW. Quantitative exfoliative cytology of abnormal oral mucosal smears.
J R Soc Med. 1988;81:509–13. [PubMed]

34. Ramaesh T, Mendis BRRN, Ratnatunga N, Thattil RO. Cytomorphotometric analysis of squames obtained from
normal oral mucosa and lesions of oral leukoplakia and squamous cell carcinoma.
J Oral Pathol Med. 1998;27:83–6. [PubMed]

35. García del Moral, R.;Quesada, MJ.; Ruiz Avila, I. Histoquímica de proteínas, aminas biógenas y ácidos nucleicos.
In: García del Moral R. , editor. Laboratorio de anatomía patológica. Madrid: McGraw-Hill – Interamericana de
España; 1993. pp. 245–63.

36. Casiglia J, Woo SB. A comprehensive review of oral cancer. Genet Dent. 2001;49:72–82.

37. Sciubba JJ. Improving detection of precancerous and cancerous oral lesions. Computer-assisted analysis of the oral
brush biopsy. JADA. 1999;130:1445–57.  [PubMed]

38. Silverman S, Gorsky M. Epidemiologic and demographic update in oral cancer: California and national data – 1973
to 1985. JADA. 1990;120:495–9. [PubMed]

39. Mashberg A, Feldman LJ. Clinical criteria for identifying early oral and oropharyngeal carcinoma: erythroplasia
revisited. Am J Surg. 1988;156:273–5. [PubMed]

40. Maraki D, Becker J, Boecking A. Cytologic and DNA-cytometric very early diagnosis of oral cancer.
J Oral Pathol Med. 2004;33:398–404. doi: 10.1111/j.1600-0714.2004.0235.x. [PubMed]

41. Remmerbach TW, Weidenbach H, Pomjanski N, et al. Cytologic and DNA-cytometric early diagnosis of oral
cancer. Anal Cell Pathol. 2001;22:211–21. [PubMed]

42. Remmerbach TW, Weidenbach H, Hemprich A, Böcking A. Earliest detection of oral cancer using non-invasive
brush biopsy including DNA-image-cytometry: report on four cases. Anal Cell Pathol. 2003;25:159–66. [PubMed]

43. Sudbo J, Kildal W, Risberg B, Koppang HS, Danielsen HE, Reith A. DNA content as a prognostic marker in
patients with oral leukoplakia. N Engl J Med. 2001;344:1270–8. doi: 10.1056/NEJM200104263441702.  [PubMed]

44. Patel, K.;Rhodus, NL.;Gaffney, P.; Ondrey, F. Extraction of RNA from oral biopsies in oral leukoplakia. Hawaii:
82nd IADR Congress. 2004. p. 1240.

45. Boyle JO, Mao L, Brennan JA, Koch WM, Eisele DW, Saunders JR, Sidransky D. Gene mutations in saliva as
molecular markers for head and neck squamous cell carcinomas.
Am J Surg. 1994;168:429–32. doi: 10.1016/S0002-9610(05)80092-3.  [PubMed]

46. Williams HK. Molecular pathogenesis of oral squamous carcinoma. J Clin Pathol: Mol Pathol. 2000;53:165–72.

47. López, M.;Aguirre, JM.;Cuevas, N.;Anzola, M.;Videgain, J.;Aguirregaviria, J., et al. Use of cytological specimens
for p53 gene alterations detection in oral squamous cell carcinoma risk patients. Clin Oncol.  2004.

48. Liam PH, Chang YC, Huang MF, Tai KW, Chou MY. Mutation of p53 gene codon 63 in saliva as a molecular
marker for oral squamous cell carcinomas. Oral Oncol. 2000;36:272–6. doi: 10.1016/S1368-8375(00)00005-1.
[PubMed]

49. Scheifele C, Schlechte H, Bethke G, Reichart PA. Detection of TP53-mutations in brush biopsies from oral
leukoplakias. Mund Kiefer Gesichtschir. 2002;6:410–4. doi: 10.1007/s10006-002-0425-0. [PubMed]

50. Rosas SL, Koch W, da Costa Carvalho MG, Wu L, Califano J, Westra W, et al. Promoter hypermethylation patterns
of p16, O6-methylguanine-DNA methyltransferase, and death-associated protein kinase in tumors and saliva of
head and neck cancer patients. Cancer Res. 2001;61:939–42. [PubMed]

51. López M, Aguirre JM, Cuevas N, Anzola M, Videgain J, Aguirregaviria J, et al. Gene promoter hypermethylation in
oral rinses of leukoplakia patients – a diagnostic and/or prognostic tool?
Eur J Cancer. 2003;39:2306–9. doi: 10.1016/S0959-8049(03)00550-1.  [PubMed]

52. Rossin, Mp.;Cheng, X.;Poh, C.;Lam, WL.;Huang, Y.;Lovas, J., et al. Use of allelic loss to predict malignant risk for
low-grade oral epithelial dysplasia. Clin Cancer Res. 2000;6:357–62. [PubMed]

53. Mao L, Lee JS, Fan YH, Ro JY, Batsakis JG, Lippman S, et al. Frequent microsatellite alterations at chromosome
9p21 and 3p14 in oral premalignant lesions and their value in cancer risk assessment.
Nat Med. 1996;2:682–5. doi: 10.1038/nm0696-682. [PubMed]

54. Partridge M, Pateromchelakis S, Phillips E, Emilion GG, A'Hern RP, Langdon JD. A case control-study confirms
that microsatellite assay can identify patients at risk of developing squamous cell carcinoma within field
cancerization. Cancer Res. 2000;60:3893–8. [PubMed]

http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=010c9fDDTyHQDuPx6tTGQhshz4ea78Ic0vhSJZ0bdEe1LVfSSGid-sgKj5OUQHvPCA8G4S3u5I7fMfTyhHM-bUsggPeiJFa06Ty6tYYB3vgAgnCRf&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=3184106
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0tSw5NdHiHBuZM6f0wHLa3Ylux5645L6n15O2iSp1jSpyHAuAqVYaBQt6NNX0n3iSs_yWKDoqDVo5fBExgctXosocJo5VCmHwxufZMTGnkeHI_Qf1&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=9526735
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0WaSNtZ4WhgtHIUZyl3gikX0Qwkkns1vxT8rSwVcCjtvBxh62JbDsiXUPbTvIM3TWLhOC2fVxNqLSGVKYGLfOhVK0utxRm-hzTcTKkPNvBmgekl_gW&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=10570588
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=06f95OdvT6ZAlZqF87ejsQE96EQ28rVqXfilqGfBY228ivPho9Ctlb5BaFkr_3mXdl_4WNF7M_tLUo2mkVFoGjuV4WC9kgL0UHP7v6vAKWQIUctWo&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=2335670
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=04CofgylgIT4S3QfbCfD_f0os9FopqLRxMzxkD6ZBaSO1CB8JVmLyJEH-zUyMCmbnQV2QseWalG1HTAiM65MC3tzvl878bKEVqhsQHv8hiXOIZTyA&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=3177749
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0r80TF0sKSvOMsldjrqV09Y6wd6lXtysd28L8NYNUOWXRIV0U5yCWcFTAXzVXbqnlA_yTh4E555coq53tFk8pNVWfgsj82zPe39IhAUIj-Eba6hVTG&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=15250831
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0NtDbKOao280MmMcKcA5TATD1U4eTQNq1uhTtTT8m4CneocpgVj99pzgqaWQ6O7IOb0i-6k2jleYuzFHQgImwkxrdJtSVIBbyxix8AzMqaZQ3zVr2A&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=11564897
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=06_HRvGvti7iTldU6P-IVvwhvjQrb31Evt20JbF_ljnKyI-bNdZk-mJjzu6LI2xEpQpLFCupkL-lKcs21G3fxmFl5Fgy3e4wu3Qwi4ax4rckWi6Xts&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=14501082
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0M6K0J8dx90JqFUNLj2WK_5dL4YS0K8iCbthKZu58pMXafn51rTcZdpdm7cmXSP1GVkgQM07iAThdqdor6a3rKVXMdyVEW1KQcqG92-K5mj-w28GNd&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=11320386
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0_g4juPT2uLS3BfGq8mn37n11IsshgTkklwb-dA0BwIQLNPU-faBjq8yT6DV6_TXCsJynmpCLrUP7-UG6oiyZuV2HLBlckMxakriTV3ORQrSMujF0&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=7977967
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0cE7Uuhw4fU6v6-mAblRN4hK4bLGSu7HeeeV-7zQgaRz2FVaIsi2mbb3dEPbUCUeR2IjSe8odPl0RLw1vgQZGp6fS070Grxy566sBPd9tjxpYBvFKa&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=10793330
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0tipawSq-GFFrUJm-ifBMGms4HgHO28gcdon_oDYq_BtULfLv2IPNr4X3YHU3NluuwKOyuGZehfJOOqcijO-bjGjPM8xydZss1ViQNSRvIhDqapUuv&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=12447653
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0PjNlN4Rfj-3n-O8Tlm0dZByiM1q8d1YmAT-jDAJqsGaBGy4b3Wjrr4Gp7IeUvtY7x9e9CsrDvKmiT1-kZOuSaFiou0gJJakcTfr_Kz6QzdZaIj6Vf&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=11221887
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0-gZzIWz5w0GZJkWslCbEYpvWP4cyXfrn7ZkxAnxunixqOmVnZMZ8PHNPFljAhi9_l7kkafnY2K3LBRZrb7rRCnWKiGDp6-HXt55FcrIEaExY7y2cv&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=14556921
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0NUlf8f-yR1aO6LNzXSeQqYv8Kojt2WJd9mEIpgYX6wpfLJuC4lA0ESWqqyjBa8nA99VTK2hBOM00QeEjeufc3sIkzpAdsyJHKilmzav9pmx5dOG8u&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=10690511
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=05IAD2Ce2jBZQD9j0x2PXZBSDrKu7LFUtGQtKqqr3ksgS6bRk738l0ktuZ4ywJQcyjjfwjBsaKUNmix7JpUeX9xoSrhSJ4p6-SbH2fLkWEHq1StCT&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=8640560
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0x5PzfSFdQAOxEG2SaCVv6UDjInTdjRLco58iI9xzjVg2iGFQsdu8p6CjNxqw0ytmRjJbhAx0wLFf-tUO7OGnKjvHI26x0uc3AQrtPwH1MXLcnVWID&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=10919665


12/3/07 9:01 PMApplication of cytology and molecular biology in diagnosing premalignant or malignant oral lesions

Page 10 of 10http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1448188

cancerization. Cancer Res. 2000;60:3893–8. [PubMed]

55. Huang MF, Chang YC, Liao PS, Huang TH, Tsay CH, Chou MY. Loss of heterozygosity of p53 gene of oral cancer
detected by exfoliative cytology. Oral Oncol. 1999;35:296–301. doi: 10.1016/S1368-8375(98)00119-5. [PubMed]

56. Mao L, Lee DJ, Tockman MS. Microsatellite alterations as clonal markers in the detection of human cancer.
Proc Natl Acad Sci USA. 1994;91:9871–5. [PubMed]

57. Sidransky D. Molecular markers in cancer diagnosis. J Natl Cancer Inst Monogr. 1995;17:27–9. [PubMed]

58. El-Naggar AK, Hurr K, Batsakis JG, Luna MA, Goepfert H, Huff V. Sequential loss of heterozygosity at
microsatellite motifs in preinvasive and invasive head and neck squamous carcinoma. Cancer Res. 1995;55:2656–9.
[PubMed]

59. Califano J, Riet VDP, Westra W, Nawroz H, Clayman G, Piantadosi S, et al. Genetic progression model for head
and neck cancer: implications for field cancerization. Cancer Res. 1996;56:2488–92.  [PubMed]

60. Nunes DN, Kowalski LP, Simpson AJ. Detection of oral and oropharyngeal cancer by microsatelite analysis in
mouth washes and lesions brushings. OralOncol. 2000;36:525.

61. Umudum H, Rezanko T, Dag F, Dogruluk T. Human papillomavirus genome detection by in situ hybridization in
fine-needle aspirates of metastatic lesions from head and neck squamous cell carcinomas. Cancer. 2005 [PubMed]

62. Sharma P, Kumar N, Bahadur AK, Mandal AK. Ki-67 expression in cytologic scrapes from oral squamous cell
carcinoma before and after 24 Gray radiotherapy- a study on 43 patients.
Med Oral Patol Oral Cir Bucal. 2005;1:E15–7. [PubMed]

63. Orellana-Bustos AI, Espinoza-Santander IL, Franco-Martínez ME, Lobos- James N, Ortega-Pinto AV. Evaluation
of keratinization and AgNORs count in exfoliative cytology of normal oral mucosa from smokers and non-smokers.
Med Oral. 2004;9:197–203. [PubMed]

64. Remmerbach TW, Weidenbach H, Muller C, Hemprich A, Pomjanski N, Buckstegge B, et al. Diagnostic value of
nucleolar organizer regions (AgNORs)in brush biopsies of suspicious lesions of the oral cavity.
Anal Cell Pathol. 2003;25:139–46. [PubMed]

65. Lane EB, Alexander CM. Use of keratin antibodies in tumour diagnosis. Seminar Cancer Biology. 1990;1:165–7.

66. Ogden GR, Chisholm DM, Adi M, Lane EB. Cytokeratin expression in oral cancer and its relationship to tumour
differentiation. J Oral Pathol Me. 1993;22:82–6.

67. Ogden GR, McQueen S, Chisholm DM, Lane EB. Keratin profiles of normal and malignant oral mucosa using
exfoliative cytology. J Clin Pathol. 1993;46:352–6. [PubMed]

68. Ogden GR, Cowpe JG, Chisholm DM, Lane EB. DNA and keratin analysis of oral exfoliative cytology in the
detection of oral cancer. Oral Oncol, Eur J Cancer. 1994;30B:405–8. doi: 10.1016/0964-1955(94)90020-5.

Articles from Molecular Cancer are provided here courtesy of 
BioMed Central

Write to PMC | PMC Home | PubMed
NCBI | U.S. National Library of Medicine

NIH | Department of Health and Human Services
Privacy Policy | Disclaimer | Freedom of Information Act

http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0x5PzfSFdQAOxEG2SaCVv6UDjInTdjRLco58iI9xzjVg2iGFQsdu8p6CjNxqw0ytmRjJbhAx0wLFf-tUO7OGnKjvHI26x0uc3AQrtPwH1MXLcnVWID&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=10919665
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0ucph_XDRgWBBDdgpEcdN_yoysqg3I34MUgNmnAD_SzoTrcgSOn6ZnkmTXrHpyRB4968cA4sixyYguoWjwjUPJP6cPMmjTnit_XnkKHYf8jTuPf_TR&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=10621851
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0QyB6O8Bn0Q85rIIYqt7YxiSnBTsrYtaSXB0ge6xO6WZjE3ZAVdMmkknhzfYJsItxZaAP_qP-esPNxSXYsg8-CdkKvWBt7_SplLx9cd2JUQnUPXs8&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=7937908
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0RPJWedsMCHnLnc8lisCBglZ_9-L6r3tnmaePO1VIVTfIayEVxh9ZYWMSKddur2qzVBqLY_B0K2Z7_NtFaZZwmAhqJfUQas4S1AskN9rMvtkc59Bh&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=8573448
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0SOM5UjX2vhJTg8ZxdXd0WUTWsrW-59qiD3Q7FhQoveHRrlDhecwXVSRuPLE843lJIBpNDXPHOeRp7mCzE0_S4CFA0GGpA9_odAGaxM9LrbkU9Owb&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=7780981
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=090P9ZvrS5CJype2QyPiZIl2RjLvBnp40KYWm_2xYRViiohGzkbtCbskICkDGzPMVSomvsjxRhr7zKAv-SG-sUTsEtztv3sjU7cz18KniUFuk_Wu4&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=8653682
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0mzpFUlCh2x2UMK5v-5xECeiuaLGPbHwbbSv88-55eiaUOxLDx9_vBfRX_K-GdKQkiA41EqHtWwg2G7glPztqZyPJCYIv0rRT1rBJYz2Kksmo6BR6W&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=15822131
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0tPSavbNnhFUHrj42i8x5LjY49620I4gc0_G2LDdY0AxLL7hRsE4N6YbJ7GUFk3i9GKiyc0CkhRhC7RCiqQH1zWjgKi-qpZop6ph2NIEOohRqc5nFe&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=15800463
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=02qKYlTu9ucNomhh8_OTOD46xAHKZRRF9BHKQTXsQTVzWE_pho94gDT_KvEmAB5_qiMiqQ3pqQwNOMSZoVmmjubYD5W2r0L3tPqt8HFkLs68SL1Mr6&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=15122120
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0MWiEjBorw9CJBvsNQyomNUSoLs_jaoRmkodObFCHBJcuUqdVc4cafr9GYeNPylILwPDnT_AJzrq-LVlIxAcI1XcuxYKli8BqctcW7Z6VJ6HCjbOjQ&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=12775918
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0l04-lFjdnCWenQR3mZ5eERtUvfSMHqOXNeCXRYBhZ2S9Xb7TIm1OVCEO5VefQesGLgokQT5IvrYW6PpJd5ZgnrsKLLH2kIUs79foqLy_H6NosuXg&reftype=pubmed&artid=1448188&iid=126951&jid=117&FROM=Article%7CCitationRef&TO=Entrez%7CPubMed%7CRecord&article-id=1448188&journal-id=117&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Retrieve&list_uids=7684404
mailto:pubmedcentral@nih.gov
http://www.pubmed.gov/
http://www.pubmedcentral.nih.gov/
http://www.ncbi.nlm.nih.gov/
http://www.nlm.nih.gov/
http://www.hhs.gov/
http://www.nih.gov/
http://www.nih.gov/icd/od/foia/index.htm
http://www.ncbi.nlm.nih.gov/About/disclaimer.html
http://www.pubmedcentral.nih.gov/about/privacypolicy.html

