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Because of the major clinical impact of bronchial cancer
worldwide, the possibility that human papillomavirus
(HPV) contributes to its pathogenesis as a co-carcinogen
is an intriguing one. Bronchial squamous cell carcinoma
develops through well defined precursor lesions, often at
the sites of squamous metaplasia. Benign squamous cell
papillomas are rare but HPV DNA has been found in
almost half of those studied, implicating a causal
association. In invasive bronchial cancer, morphological
changes seen in HPV lesions elsewhere are often seen.
HPV DNA has been detected in 21.7% of the 2468
bronchial carcinomas analysed to date and the same
high risk types implicated in other squamous cell
cancers have been identified. Clearly, more effort
should be focused on assessing the role of HPV in
bronchial carcinogenesis, by analysing the synergistic
effects of carcinogenic agents (cigarette smoke,
radiation, asbestos, etc) and HPV in different
experimental settings.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

The respiratory tract comprises several distinct
anatomical sections including the nasal cav-
ity, paranasal sinuses, nasopharynx, orophar-

ynx, hypopharynx, larynx, trachea, and bronchi.
In the major part of the respiratory tract, the epi-
thelial lining is composed of respiratory epithe-
lium (columnar cells), whereas stratified
squamous epithelium covers the mucosa of the
pharynx and larynx.1 As a result of this divergent
histology of the mucosal lining, a wide variety of
both benign and malignant tumours arises in the
respiratory tract.2–6 This coexistence of two differ-
ent epithelia also results in the presence of
squamo–columnar junctions (SCJs) at multiple
locations in the respiratory tract, which are
considered to be a prerequisite for the spread of
human papillomavirus (HPV) infections in this
region, as discussed below.1–9

Of the benign tumours in this region,
squamous cell papillomas (SCPs) have a well
established HPV aetiology.1 3 7–9 The evidence link-
ing HPV to the other benign and malignant
tumours of the upper respiratory tract has been
discussed elsewhere.1 6 9 The larynx continues
with no clear anatomical hallmark down to the
trachea, which is lined by a typical respiratory
epithelium. These columnar cells are not the pri-
mary targets of HPV, which have their preferred
sites of entry into the metaplastic squamous cells
at any locus where SCJs (either natural or
iatrogenic) are formed.9 Interestingly, however,
HPV type 18 (HPV-18) E6 and E7 seem to be

capable of immortalising primary tracheal epithe-

lial cells.10 Indeed, such SCJs are readily detect-

able at various locations in the upper respiratory

tract and in bronchial spurs,2 3 7 8 explaining the

frequently widespread dissemination of multiple

laryngeal papillomatosis down to the trachea and

bronchi.11 12 This multiple papillomatosis and the

not uncommon occurrence of malignant transi-

tion into squamous cell carcinoma (SCC) of the

trachea and bronchi13–15 are currently thought to

be manifestations of the recurrent respiratory

papillomatosis (RRP) syndrome.1–3 6–8 This syn-

drome is outside the scope of this review, which is

focused on the evidence linking HPV to primary

bronchial tumours only.

BRONCHIAL EPITHELIUM
As in the trachea, natural and iatrogenic SCJs are

the preferred site of entry for HPV in the bronchi.

Undoubtedly, the most important iatrogenic

cause of SCJs between the respiratory columnar

epithelium and squamous epithelium in the

bronchi is cigarette smoking, which frequently

triggers the development of squamous metapla-

sia. Metaplastic squamous cells are readily detect-

able in sputum cytology, with or without associ-

ated dyskaryotic changes, depending on whether

dysplasia is present or not. Obviously, several bio-

chemical and metabolic aberrations occur during

the metaplastic process, as shown by the dramatic

changes in cytokeratin staining patterns of these

metaplastic cells.16 17 It is these changes that make

the metaplastic cells gradually more like

squamous cells and susceptible to HPV. This is

clearly shown by the recent experiments where

bronchial epithelial cells were immortalised by

the HPV-16 E6 and E7 oncogenes, which resulted

in cells with terminally differentiated keratino-

cytes that were not tumorigenic in nude mice.18–20

Thus, the situation in the bronchi with multiple

foci of metaplastic squamous epithelium is remi-

niscent of that in the transformation zone of the

uterine cervix, which is the known site of entry

for HPV, and also the seat for benign condylomas

and cervical cancer precursor lesions.9 21 22 Indeed,

benign, premalignant, and malignant squamous

cell lesions also occur in the bronchi, although

benign lesions have received much less attention

than the malignant ones.
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BRONCHIAL SQUAMOUS CELL PAPILLOMAS
In addition to the multiple papillomatosis seen as a complica-

tion of RRP, solitary SCPs also exist in the bronchi. As in the

trachea, this entity has been regarded as an extreme rarity.23 24

The reported cases were reviewed in 1985 by Maxwell et al,
who could collect only 11 such cases in the literature and

added one of their own.25 However, this is a clear underesti-

mate because I have identified many more cases.1 26–28 In Japan

alone, a series of 16 such lesions was recently described.29 It

should be pointed out that not all papillary tumours of the

bronchus are of the squamous cell type, but can be of the

inflammatory type or composed of columnar epithelium.25 29

Clinical features
Because of the rarity of these lesions, little is known about the

epidemiology and clinical behaviour of solitary bronchial

SCPs.1 6 The best account on these issues is the recent one by

Flieder et al, who made a detailed analysis of the clinical and

pathological features of 13 endobronchial papillomas and a

single endobronchiolar papilloma, including in situ hybridisa-

tion (ISH) analysis of seven of the cases.30 The authors also

identified 27 well documented cases in the literature, and used

ISH to analyse HPV in four of these. Of the 41 patients, 31 were

men. The age of the patients ranged from 26 to 74 years

(median, 57). Three morphologically distinct histological

types were recognised, namely: 27 SCPs, seven glandular pap-

illomas, and seven mixed squamous and glandular papillo-

mas. The authors concluded that SCPs and mixed papillomas

are predominantly lesions of male smokers in their 6th

decade. HPV appears to play a pathogenetic role in many SCPs,

but not in mixed and glandular papillomas. Cytological atypia

was present in many cases, but because of the rarity of these

tumours and the difficulty in separating papillomas from

endobronchial papillary SCCs, the authors did not make gen-

eralisations regarding the risk of progression to carcinoma.30

Evidence for HPV involvement
Morphological evidence
Interestingly, the first clues to the possible involvement of HPV

in these benign bronchial lesions are found in two early

reports from the 1970s,27 28 the first one even before the

cornerstone papers of the 1976/1977, which described the link

between HPV and CIN (for review see Syrjänen and

Syrjänen,9 the IARC monograph,21 and Bosch and col-

leagues22). Indeed, in the reports of Roglic et al (1975), and

Rubel et al (1979), characteristic cytopathological changes of

HPV (that is, koilocytosis) are found in the sputum samples

derived from benign SCPs, emphasising their morphological

similarity to genital condylomas.21 22 However, it was not until

1979 that I first suggested the possible involvement of HPV in

bronchial squamous cell lesions.31 32

“The most important iatrogenic cause of squamo–
columnar junctions between the respiratory columnar
epithelium and squamous epithelium in the bronchi is
cigarette smoking, which frequently triggers the
development of squamous metaplasia”

Morphologically, SCPs are like benign papillomas at other

mucosal sites.1 6 11 Not infrequently, they bear a close

resemblance to exophytic condylomas of the genital tract,

sometimes to the extent that warrants them being called con-

dylomatous papillomas.33 Indeed, these authors described two

primary bronchial SCPs, and emphasised their similarity to

exophytic HPV lesions, which was confirmed by the demon-

stration of HPV antigens by immunohistochemistry (IHC) and

the identification of viral particles by electron microscopy.33

Previously, such similarities had been found in bronchial

SCCs.31 32 In their recent series of SCPs, Flieder and colleagues

described cytological atypia in seven of 24 lesions and a cyto-

pathic effect of HPV in five of 24 lesions.30 Five of seven cases

examined by ISH were HPV DNA positive.

HPV DNA detection
Since the awakened interest in bronchial squamous cell

tumours as a potential group of HPV associated neoplasms,31 32

several studies have searched for HPV DNA in solitary SCPs of

the bronchus, using different hybridisation techniques and

the polymerase chain reaction (PCR). Table 1 summarises

these studies.

By the time we finished the chapter on HPV infections in

the respiratory tract in our textbook Papillomavirus infections in
human pathology,1 SCPs had been separately assessed in six

studies, comprising a total of 45 cases analysed by means of

ISH and/or PCR.38 39 43 45 47 49 HPV DNA was detected in 22 of 45

of these papillomas. Not unexpectedly, the predominant viral

types are HPV-6 and HPV-11, with HPV-16 found in one lesion

and HPV-18 DNA in two. Since 1998, three additional studies

on HPV detection in bronchial SCPs have been published

(table 1).30 76 78 These studies contribute an additional 16 cases,

of which seven were HPV DNA positive. Altogether, 61

bronchial SCPs have been analysed for HPV DNA, which was

found in 29 of the lesions.

Conclusions
Thus, solitary SCPs in the bronchus do seem to resemble their

morphological counterparts in other regions of the respiratory

tract. Because of the small number of cases reported and the

limited experience gained from these lesions, no well

documented data are available on their biological behaviour.

Malignant transformation of solitary bronchial SCP has not

been demonstrated. As determined from their morphology

and association with the low risk HPV types 6 and 11, solitary

SCP of the bronchus must be considered as a benign disease.

This is not unexpected in the light of the known behaviour of

HPV in other anatomical regions, such as the genital tract,

where HPV-6/11 associated exophytic condylomas are invari-

ably benign. When assessing the evidence on the involvement

of HPV in the bronchus, more important than demonstrating

malignant transformation of solitary bronchial SCP is this

analogy with known HPV lesions elsewhere, namely: HPV-

6/11 is present in benign lesions, whereas oncogenic types are

detected in malignant lesions.9 21 22 Undoubtedly, further stud-

ies of this entity are needed urgently.

BRONCHIAL SQUAMOUS CELL CARCINOMA
Bronchial cancer is the second most prevalent malignant

tumour among both men and women. The major risk factor

for lung cancer is smoking, which accounts for 75–80% of lung

cancer related deaths. The incidence of lung cancer largely

mirrors smoking prevalence, with a latency period of several

decades. Other important risk factors for the development of

lung cancer include environmental exposure to tobacco

smoke, radon, occupational carcinogens, and pre-existing

non-malignant lung disease.85–89 Because of its tremendous

impact as a major global health problem, bronchial cancer has

been the subject of intense study for many decades. The pres-

entation of the different aspects of this research clearly falls

outside the scope of this review. However, it is equally well

known that not all smokers will develop bronchial cancer in

their lifetime and that, in addition, these tumours do occur in

patients who have never smoked. Thus, factors other than

smoking may also have an impact as risk factors for lung can-

cer, including genetic susceptibility.88 90

Recently, more attention has been focused on these other

risk factors. Thus, there seems to be a significantly increased

risk for lung cancer among women who develop an anogeni-

tal malignancy.91 92 In view of the current understanding on

the important role of HPV in the development of anogenital
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Table 1 Detection of HPV DNA in bronchial papillomas and carcinomas

Type of
lesion Technique

No. of
cases

HPV type detected
Total (%)
HPV+ First author (year)6 6/11 11 16 16/18 18 Other

SQC SB 9 0 Stremlau (1985)34

LCC SB 7 0
ASC SB 2 0
ASC SB 5 1 20
SQC SB 1 1 100 Byrne (1987)35

SQC ISH 99 5 5 Syrjänen(1987)36

SCP EM 1 100 Trillo (1988)33

SQC ISH 131 2 7 7 Syrjänen (1989)37

SCP ISH 1 1 100 Kerley (1989)38

SCP ISH 15 1 7 Carey (1990)39

SQM ISH 10 1 10 Bejui-Thivol (1990)40

SQC ISH 33 1 1 1 3 18
SQC ISH 1 1 100 Bejui-Thivol (1990)41

SQC FISH 5 2 40 Kulski (1990)42

SCP ISH 6 6 100 Popper (1992)43

SQC ISH 5 5*† 100
SQC ISH 1 1 100 DiLorenzo (1992)44

SQM ISH 17 1 1 12 Yousem (1992)45

SQC ISH 20 1 2 15
ASC ISH 12 0
ASSC ISH 16 0
SQC ISH 4 0
LCC ISH 6 1 17
SCP ISH 2 2 100
SQC PCR, SB 29 3 0 10 Ogura (1993)46

SCP ISH 1 1 100 Katial (1994)47

SQC PCR, ISH 49 1 5 1 14.2 Liu (1994)48

SCP PCR 20 3 6 2 55 Popper (1994)49

SQC PCR 11 1 9
SQC, AdC PCR 85 0 Shamanin (1994)50

LSSC PCR 7 0 Szabo (1994)51

SQC PCR 40 0
SQC PCR, ISH 49 4 2 2 16.3 Xing (1994)52

SQC PCR 66 3 1 2 9 Al-Ghamdi (1995)53

SQC DB, SB, PCR 10 1 10 Kinoshita (1995)54

AdC DB, SB, PCR 26 2 9
SQC DB, PCR 50 10 1 5 32 Li (1995)55

ASSC ISH, PCR 22 2 3 1 1 10‡ 36 Nuorva (1995)56

SQC DB. PCR 27 7 1 5 48 Qingquan (1995)57

AdC DB, PCR 16 2 0 0 12
SQC DB, PCR 2 1 0 0 50
ASC DB, PCR 5 0
SCC PCR 8 1 12.5 Sagawa (1995)58

SQC PCR 18 1 1 11 Thomas (1995)59

SQC PCR 34 12 Zhang (1995)60

SQC PCR 9 9 100 Da (1996)61

SQC PCR 16 8 50
AdC PCR 12 5 42
AdC PCR 4 1 1 50 Thomas (1996)62

LCC PCR 2 0
SQC PCR 7 2 28
SQC PCR, ISH 73 11 26 4 56 Hirayasu (1996)63

AdC PCR 41 2 6 20 Noutsou (1996)64

SQC PCR 41 2 2 10
LCC PCR 10 3 2‡ 20
SQC PCR 7 0
SQC ISH, PCR 28 5 4 6 4 1‡ 67 Soini (1996)65

AdC ISH, PCR 12 1 2 2 3 5‡ 75
SQC ISH, PCR 3 0
SQC PCR ND ND ND ND 79 Nakazato (1997)66

SQC ISH, PCR 32 0 Welt (1997)67

SQC ISH, PCR 6 0
SQC ISH, PCR 34 2 6 Bohlmeyer (1998)68

SCP ISH, PCR 14 5§ 36 Flieder (1998)30

SCC PCR, SB 52 6 11 ND 69 Papadopoulou (1998)69

ASC ISH, PCR 23 18 ND 78 Tsuhako (1998)70

SCC PCR 35 0 Wistuba (1998)71

SQC PCR, ISH 31 0 Gorgoulis (1999)72

AdC PCR, ISH 32 0
LCC PCR, ISH 5 0
SQC PCR 1 1 100 Hennig (1999)73

SQC ISH, PCR 75 12 1†† 18 (5)** 1 49 Hennig (1999)74

AdC PCR, EM 285 1 ND 0.4 Hiroshima (1999)75

SCP PCR 1 1 100 Kawaguchi (1999)76

SQC HCII 185 5¶ 2.7 Clavel (2000)77

SCP ISH, PCR 1 1 1 100 Harada (2000)78

SQC ISH, PCR 44 ND 57 Iwamasa (2000)79

SQC ISH, PCR 157 9 16 22 25 5‡‡ 49 Miyagi (2000)80

SQC ISH, PCR 141 77 55 Cheng (2001)81

SQC ISH 26 1 2 11.5 Kaya (2001)82

SQC ISH 22 1 4.5 Miasko (2001)83

AdC ISH 13 1 7.6
LCC ISH 5 1 20
SQC ISH, PCR 59 29ND 49 Miyagi (2001)84

AdC ISH, PCR 62 12ND 19.4

*Three additional cases with HPV-31/33/35; †two additional cases with HPV-31/33/35; ‡HPV-31 and HPV-33; §ISH for HPV-6/11, HPV-16/18, and
HPV-31/33/51; ¶oncogenic types in HCII assay; **HPV-6/16; ††HPV-11/16; ‡‡triple infections.
AdC, adenocarcinoma; AnSCC, anaplastic carcinoma; ASC, adenosquamous carcinoma; ASSC, alveolar carcinoma; DB, dot blot hybridisation; EM,
electron microscopy; FISH, filter in situ hybridisation; HCII, hybrid capture II; ISH, in situ hybridisation; LCC, large cell carcinoma; ND, not defined; PCR,
polymerase chain reaction; SB, Southern blot hybridisation; SCC, small cell carcinoma; SCP, squamous cell papilloma; SQC, squamous cell carcinoma;
SQM, squamous cell metaplasia.
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cancer, such an association deserves more attention in the

future. Interestingly, bronchial carcinomas have also been

described in children.50 Again, with the above discussion of

RRP in mind, the possibility of a latent HPV infection as aco-

carcinogen cannot be excluded.1 6 9 93 Of extreme interest in

this respect are the recent observations on the increased risk

of lung cancer among meat handlers,94–96 because HPV

infection is particularly prevalent in meat handlers (resulting

in—for example, butchers wart).9 Clearly, all these recent epi-

demiological observations are in agreement with the concept

that HPV might be involved in bronchial carcinogenesis,1 6 97 as

I originally proposed in the late 1970s.31 32 The evidence accu-

mulated to date is summarised in the following.

Evidence for HPV involvement
The emergence of the data implicating HPV in bronchial car-

cinogenesis followed an identical pattern to that seen for sev-

eral other squamous cell tumours currently classified as

emerging HPV lesions—for example, those of the oral mucosa,

oesophagus, sinonasal mucosa, larynx, and conjunctiva.1 6 9 98

Morphological evidence
Interest was aroused by morphological descriptions of epithe-

lial changes closely resembling those of genital warts in and

around bronchial SCCs.31 This primary report of a single case

was immediately followed by a series of these carcinomas,

which were subjected to similar analysis.32 Thus, in a series of

104 bronchial SCCs, morphologically HPV suggestive changes

were identified in 36 cases: six exophytic, four inverted, and 26

flat type condylomas. This led to the hypothesis on the possi-

ble role of HPV in bronchial carcinogenesis, which is still

awaiting final confirmation.

Immunohistochemistry
In contrast to many other squamous cell lesions, IHC has

rarely been used to detect HPV antigens in bronchial

carcinomas.9 This is because during the lag period (1979–

1985) before there was much interest in HPV and bronchial

SCC, the detection of HPV antigen expression by IHC became

obsolete and was replaced by hybridisation assays for the

detection of HPV DNA. Thus, the only cases analysed by IHC

are the two SCPs described previously.33

Detection of HPV DNA
Therefore, all the work summarised in table 1 has been done

using various hybridisation techniques, namely: dot blot, filter

in situ hybridisation, ISH, Southern blot, or PCR analyses.

Until January 1998, a total of 24 such studies were published,

almost exclusively in the English literature.34–37 40–42 44 46 50 51 53

54 56 57 59–67 The number of bronchial carcinomas analysed in

these studies is substantial: 1061 cases. As has been shown in

other carcinomas, the detection rates of HPV DNA are subject

to a wide variation, from 0% to 100%. In total, 201 of 1061

(18.9%) of the carcinomas analysed were shown to contain

HPV DNA. HPV-16 seems to be the predominant HPV type,

being responsible for 49.8% of the HPV positive cases. The sec-

ond in frequency is HPV-18, accounting for 21.8% of the posi-

tive lesions. Other high risk types detected in bronchial carci-

nomas include HPV types 31, 33, and 35.

“In total, 201 of 1061 (18.9%) of the carcinomas
analysed were shown to contain HPV DNA”

After this analysis, I identified extra studies covering this

period (1985–1997) that were included in Medline only later,

and these were mostly Japanese or Chinese in origin.48 52 55 58

These studies substantially increase the analysed cases; 156

extra cases were studied, of which 32 (20.5%) were HPV DNA

positive, with HPV types 16 and 18 predominating. However,

not completely unexpectedly, the low risk types HPV-6 and

HPV-11 were also demonstrated in these tumours (table 1).

Between 1998 and 2002 (after the completion of the chap-

ter in my textbook1) a substantial number of studies have

appeared, which are now included in table 1.68–75 77 79–84 These

recent studies (based mostly on PCR and/or ISH) contribute

greatly to the total number of bronchial carcinomas analysed

for HPV until May 2002, by adding 1251 new cases, more than

doubling the previously recorded cases (1061 + 156 = 1217).

Some of these studies reported, at least in part, the same

patients and are only counted once.80 83 84 99 Of these newly

analysed cases, 303 (24.2%) were shown to contain HPV DNA.

As before, the detection rates are subject to wide a variation,

from 0% to 100%. The appearance of so many studies in such

a short time interval reflects the greatly increased interest in

these lesions among HPV researchers. The current literature

now contains 2468 bronchial carcinomas subjected to HPV

detection using different hybridisation methods or PCR. In

total, HPV DNA has been reported in 536 (21.7%) of these

cases (table 1).

HPV involved in multistep bronchial carcinogenesis (in
vitro studies)
I have already mentioned studies in which tracheal epithelial

cells were immortalised by HPV-18 E6 and E7 oncogenes.10

More recently, similar experiments were carried out with

bronchial epithelial cells, which can be readily immortalised

by the HPV-16 E6 and E7 oncogenes, and show terminal

differentiation of keratinocytes but are non-tumorigenic in

nude mice.18–20 Such cell lines show genomic instability and

telomerase activity, induced by E6/E7 expression.100 This

HPV-18 immortalised cell line (BEP2D) has subsequently

been studied as a model of bronchial carcinogenesis induced

by radiation and asbestos fibres.101–106

Accordingly, BEP2D cells treated with high linear energy

transfer radon simulated α particles were expanded and

xenotransplanted into Nu/Nu mice. In brief, the authors

established six independent cell lines from these tumours, and

revealed the following as common cytogenetic changes: loss of

(1) the Y chromosome, (2) one of three copies of chromosome

8, (3) one of three copies of chromosome 14, and (4) one of

two copies of chromosome 4p16–pter and chromosome

11p15–pter, suggesting the presence of tumour suppressor

genes on chromosome 8.101 102 In another recent study,

alterations of p53 in the same cell line (BEP2D), induced by a

single low dose of either α particles or 1 GeV/nucleon (56)Fe,

were analysed by PCR single stranded conformation polymor-

phism (SSCP) and sequencing analysis in nine primary and

four secondary tumour cell lines (three of which were

metastatic), together with the parental BEP2D and primary

human bronchial epithelial cells (NHBE).103 PCR-SSCP and

sequencing analysis found band shifts and gene mutations in

all four of the secondary tumours, suggesting that p53 altera-

tions correlate with tumorigenesis in the BEP2D cell model

and that mutations in the p53 gene may be indicative of

metastatic potential.

Of interest are also the recent data from experiments where

BEP2D cells were used in the model of asbestos induced bron-

chial carcinogenesis and the expression of different genes was

analysed during the stepwise malignant transformation.104 105

This model provides a unique opportunity to study the cellu-

lar and molecular changes at the various stages in fibre medi-

ated neoplastic transformation of human bronchial epithelial

cells. Most recent results suggest that activation of the insulin

receptor pathway and inactivation of DCC (deleted in colon

cancer) and Ku70 may cooperate in the asbestos induced

malignant transformation of BEP2D cells. The same authors

have also used this cell line to study the mechanisms involved

in bronchial carcinogenesis induced by α particles from

radon.106 Cells exposed to α particles become tumorigenic after
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progressing through a series of sequential stages including
altered growth pattern, resistance to serum induced terminal
differentiation, agar positive growth, tumorigenicity, and
metastasis, with each step being necessary for the later steps
to occur.106 Several cellular differentiation and growth regula-
tory genes such as DCC, p21(C1P1), and the gene that encodes
DNA phosphokinase were frequently found to be modulated
in tumorigenic BEP2D cells.

CONCLUSIONS
The possibility that HPV might contribute (as a co-carcinogen)

to the development of bronchial cancer is an intriguing one,

with widespread implications—for example it may have

important medico-legal consequences. There are ongoing law-

suits in many countries against the tobacco industry, where

the plaintiffs (smokers who developed lung cancer) are suing

the companies for their products being the cause of these

malignancies. Unquestionably, cigarette smoking does cause

many health problems, but certainly it cannot be the only

causative factor in lung cancer, emphasising the importance of

the search for additional aetiological and risk

factors.1 6 9 32 67 85–89 97 107

As recently pointed out, too little effort has been put into
HPV research in this particular field so far.1 9 97 We know that
bronchial SCC develops through well defined precursor lesions
(dysplasia, carcinoma in situ), not infrequently as multifocal

lesions at the sites of squamous metaplasia.108 However, the

problem is how to detect these precancer lesions, and more

importantly, how to treat them to prevent invasive disease.

Furthermore, benign SCPs do exist, but they are rare, and do

not explain the frequency of SCC, even if they underwent

malignant transformation in 100% of cases, of which there is

no documented evidence at the moment. The detection rate of

HPV DNA in these benign papillomas approaches 50%,

although only 61 cases have been analysed. This detection rate

is substantially higher than in most of the other squamous cell

lesions,9 implicating a causal association.

“Unquestionably, cigarette smoking does cause many
health problems, but certainly it cannot be the only
causative factor in lung cancer”

In invasive bronchial cancer, morphological examination

frequently detects areas with changes that closely resemble

those seen in HPV lesions elsewhere (that is, koilocytosis, dys-

keratosis, multinucleation, and papillomatosis).1 6 31 32 36 37 Of

the 2468 carcinomas that have undergone HPV DNA analysis

to date, positive results have been obtained in 21.7% (table 1).

Not surprisingly, the same high risk types that are implicated

in the aetiology of genital (and other) squamous cell cancer

are also involved in bronchial SCC, namely: HPV types 16, 18,

31, 33, and 35. In adenocarcinomas of the lung, the HPV

detection rate is much lower, and many studies failed to dem-

onstrate HPV DNA in these lesions (table 1).

The detection rate of 21.7% seen in bronchial SCC is not of

the same order of magnitude as that seen in the well

established HPV associated carcinomas of the genital tract, but

these figures are similar to those seen in squamous cell malig-

nancies of the upper aerodigestive tract.9 This uniform preva-

lence (around 20%) of HPV in malignant tumours of this par-

ticular region might imply a common aetiological pathway,

leaving room for agents other than HPV, as compared with

genital squamous cell carcinogenesis, where HPV seems to be

the single most important aetiological factor.9 21 22

Clearly, more effort should be focused on assessing the role

of HPV in bronchial carcinogenesis. This applies both to clini-

cal and epidemiological studies, in addition to basic research

with experimentation using HPV transformed bronchial cell

lines. Of special usefulness in such studies would be the orga-

notypic raft culture model, where the synergistic effects of

carcinogenic substances, such as cigarette smoke, radiation,

asbestos, etc, and HPV could be analysed in different

settings.9 It is only with this kind of joint research effort that

the current understanding of the role of HPV in bronchial car-

cinogenesis can be expanded.
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ECHO ................................................................................................................
Iron deposits may damage joint tissue in RA

Our understanding of the role of iron in rheumatoid arthritis (RA) has improved with a recent study
showing where iron accumulates in the synovial membranes of affected joints. The researchers
speculate how iron might build up to toxic amounts.

Ferritin, both light and heavy subunits, was found in the lining layer and subintimal zone of the syn-
ovium and in synovial macrophages and fibroblasts. Transferrin receptor appeared only in the lining layer.

Non-specific resistance associated macrophage proteins (Nramp) were also found. These are proteins
that span membranes and transport divalent cations. Nramp 2 occurred in macrophages and fibroblasts.
Nramp 1 was present in macrophages and neutrophils, in the synovial lining layer and the subintimal
zone, and in infiltrating inflammatory cells, but not in fibroblasts.

The study used synovial membranes from arthroplasties of 20 patients with RA. Thin sections were
stained cytochemically for ferritin, transferrin receptor, and Nramp 1 with monoclonal or poylclonal
antibodies. Macrophages and fibroblasts were isolated from collaginase digests of synovial membranes.
Neutrophils were isolated from synovial fluid aspirated routinely from the joints. These cell types were
stained for ferritin and transferrin receptor immunocytochemically. Nramp 1 and Nramp 2 were identi-
fied by reverse transcriptase polymerase chain reaction.

A high iron content has been noted in synovial membranes in RA, but the uptake and storage of iron
and its potential relation to inflammation of the joints has been unknown until now.

m Annals of the Rheumatic Diseases 2002;61:741–744.
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