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ABSTRACT

Heterogeneous nuclear ribonucleoprotein (hnRNP) B1 is a RNA-
binding protein of M r 37,000. We previously reported that hnRNP B1
was specifically overexpressed in the nuclei of human lung cancer cells,
particularly in squamous cell carcinoma (E. Sueokaet al., Cancer Res.,
59: 1404 –1407, 1999). We extended this study to determine whether
hnRNP B1 was overexpressed in roentgenographically occult cancers
of the lungs and premalignant lesions of squamous cell carcinomas,
such as bronchial dysplasia. The additional object of our study was to
examine the usefulness of hnRNP B1 as a potential diagnostic marker
for squamous cell carcinoma of various organs, such as the oral cavity
and esophagus in humans. Surgically resected specimens of bronchial
dysplasia, lung cancers, and various human squamous cell carcinomas,
collected at two hospitals in Japan, were subjected to immunohisto-
chemical staining with anti-hnRNP B1 antibody. Overexpression of
hnRNP B1 protein was observed in 100% of stage I lung cancer tissues,
but it was not found in normal bronchial epithelium. Squamous cell
carcinoma of the lungs showed stronger staining than other histological
types, and elevation of hnRNP B1 was found in both roentgenograph-
ically occult lung cancers and bronchial dysplasia. Furthermore, cyto-
logical examination with anti-hnRNP B1 antibody detected cancer cells
in sputum, suggesting the potential of hnRNP B1 protein as a new
biomarker for the very early stage of lung cancer in humans. Because
strong staining of hnRNP B1 was also observed in various squamous
cell carcinomas of oral and esophageal tissues as shown in our recent
reports, overexpression of hnRNP B1 seems to be a common event in
the carcinogenic processes of squamous cell carcinoma. These results
suggest that hnRNP B1 protein could be a useful diagnostic biomarker
for both the very early stages of lung cancer and various squamous cell
carcinomas in humans.

INTRODUCTION

In Japan, lung cancer is the leading cause of cancer-related death
among males (21.4%) and the second leading cause among females
(12.3%). Frequency of death from the disease has increased re-
markably (1), with 50,000 people dying of lung cancer in 1998 (2).
In an effort to combat this, technology of roentgenographic exam-
inations, such as helical computed tomography and magnetic res-
onance imaging, has progressed enormously, and the population-
based mass screening test for lung cancer detection using sputum
cytology and chest X-ray examination is now widely distributed in
Japan. Even with these, however, the overall survival rate of lung
cancer is still only 40% 5 years after diagnosis (2). In addition,
patients who are treated for a primary cancer are likely to experi-

ence recurrence or development of a second primary cancer during
the long life span (3). Thus, to extend survival of patients, early
detection of lung cancer is urgently needed, in light of evidence
that the 5-year survival of stage I patients is over 80% (1).
Conventional cytological diagnosis of sputum is not sufficient for
clinical use because of its lack of efficacy (4): what is required is
a new molecular diagnostic marker visualizing the early events of
lung carcinogenesis in humans. In this study, we considered how
the early events of lung cancer, such as roentgenographically
occult cancer or bronchial dysplasia, might be diagnosed for im-
provement in lung cancer survival. If a new molecular diagnostic
marker could reliably detect both occult cancer and dysplasia, the
underlying molecular mechanisms of that marker would certainly
be worthy of investigation.

In 1988, Mulshine’s group (5) raised lung cancer-specific anti-
bodies against extracts of human lung cancer cell line by mouse
immunization. One antibody, 703D4, recognized tumor cells in the
early clinical stage of human non-small cell lung cancer. Specifi-
cally, the antibody recognized hnRNP3 A2/B1, a major component
of the nuclear core complex (6), a complete DNA sequence that
was reported in 1995 (7). hnRNP A2/B1, a RNA-binding protein,
is assumed to be involved in RNA maturation and mRNA transport
from nucleus to cytoplasm in a manner similar to other proteins of
the hnRNP family (8, 9). Ishikawaet al. (10) also reported that
hnRNP A2/B1 protein binds to a telomeric DNA sequence, al-
though the functional significance of hnRNP A2/B1 for regulation
of telomerase, or for maintenance of telomere structure, has not yet
been elucidated.

hnRNP B1, which has 12 amino acids in addition to those in
hnRNP A2, is derived from a splicing variant of hnRNP A2
mRNA, but the proportion of these two proteins in the cells varies
(7). In our previous study, we found different mRNA expression
patterns ofhnRNP A2and B1 genes: hnRNP B1 mRNA was
overexpressed in cancerous tissue, compared with normal tissue,
more apparently than was hnRNP A2 mRNA (11). Thus, the
functional differences between hnRNP B1 and hnRNP A2 are of
molecular interest. Independent of Mulshine’s group (5), we raised
hnRNP B1-specific antibody in rabbit; we then used our antibody
to demonstrate that hnRNP B1 is overexpressed in nuclei of human
lung cancer cells, from the early stage to the advanced (11).
Because hnRNP B1 showed strong staining with anti-hnRNP B1
antibody in all examined squamous cell lung carcinomas, we began
to consider the possibility that overexpression of hnRNP B1 could
be a new tumor marker for squamous cell lung carcinoma. Fol-
lowing this line of thought, we looked more closely at the feasi-
bility of early diagnosis of lung cancer, such as roentgenographi-
cally occult lung cancer and premalignant lesions, as well as early
diagnosis of other cancer sites. As we expected, overexpression of
hnRNP B1 was found in the very early stage of human lung cancer
and also in squamous cell carcinoma of various organs, such as
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oral tissue and the esophagus (12, 13). Here, we report the useful-
ness of hnRNP B1 as a potential biomarker for early detection of
various human cancers and we discuss the molecular significance
of dysplasia in cancer diagnosis.

MATERIALS AND METHODS

Tissue Samples.Advanced lung cancer tissues were obtained from
patients who had undergone surgery at Saitama Cancer Center Hospital.
Roentgenographically occult lung cancer and dysplastic lesion of the lung
were surgically resected or obtained by transbronchial lung biopsy from
patients at the Institute of Development, Aging and Cancer Hospital,
Tohoku University. Sputum samples were obtained from a well-organized
population-based lung cancer screening center in Miyagi Prefecture, Japan.
Resected surgical specimens were fixed by formalin and then embedded in
paraffin. Histological diagnosis and clinical stages were determined by the
criteria of WHO and the International Union Against Cancer. Informed
consent was obtained from all patients.

Immunohistochemical Staining with Anti-hnRNP B1 Antibody. Two
sets of 5mm-thin tissue sections (one set from the center of the tumor, and the
other from the margin) were subjected to immunohistochemical staining with
anti-hnRNP B1 antibody by the standard method as reported previously (11).
In brief, deparaffinized 5mm-thin tissue sections were put in a microwave
oven in 0.01M sodium citrate buffer (pH 6.0) for two periods of 5 min each.
The tissue sections were then treated with anti-hnRNP B1 antibody at a
dilution of 1:200 overnight at 10°C, followed by visualization with DAKO
ENVISSION system (DAKO Corp., Carpinteria, CA). Counter-staining was
performed with hematoxylin. Immunohistochemical examination of staining
with anti-hnRNP B1 antibody was evaluated by the following criteria: staining
of over 50% of cancer cell nuclei in a whole tissue section, with no remarkable
staining observed in parenchymal cells, was taken as positive. Positive staining
was confirmed by two different tissue sections obtained from one patient, and
the intensity of staining was determined by three investigators (E. S., N. S., and
Y. G.)

Sputum Cytology Using Anti-hnRNP B1 Antibody. Samples for sputum
cytology were obtained from a population-based lung cancer screening in
Miyagi Prefecture, Japan. Sputum samples were subjected to the modified
Saccomanno method (fixed by 2% polyethylene glycol and 50% ethanol).
Before immunocytochemistry, the samples were treated with 100% meth-
anol for 30 min, followed by 4% paraformaldehyde with 0.2% Triton
X-100 treatment for 10 min. The samples were then heated in microwave
oven (750 W) for two periods of 5 min each. After blocking endogenous
peroxidase with 0.3% hydrogen peroxide, anti-hnRNP B1 antibody was
applied to the sample with 1:200 dilution at 10°C overnight. Visualization
was performed by the same procedure for immunohistochemical staining,
as mentioned above.

Statistical Analysis. The association between the positivity of immuno-
staining and clinicopathological parameters was examined by use of thex2 test
for contingency tables, takingP , 0.05 as the criterion of significance.

RESULTS

Overexpression of hnRNP B1 in Human Lung Cancers.We
recently reported that hnRNP B1 was significantly overexpressed
in nuclei of human lung cancer cells (11). To investigate the
significance of hnRNP B1 as an early detection marker for lung
cancer, we next determined expression levels of hnRNP B1 in
various clinical features of 43 patients, classified by histological
type and clinical stage (Table 1). The 43 lung cancers included 15
squamous cell carcinomas, 24 adenocarcinomas, 3 large cell car-
cinomas, and 1 small cell carcinoma; the patients were 14 stage I,
11 stage II, 16 stage III, and 2 stage IV. Strength of staining with
anti-hnRNP B1 antibody was divided into four groups (negative,
weak, moderate, and strong) and compared with the histological
and clinical types mentioned above.

As shown in Table 1, all four histological types of lung cancer
tissues showed positive staining with anti-hnRNP B1 antibody, rang-
ing from 70.8–100% (Table 1 and Fig. 1). The strength of staining for
squamous cell carcinoma was 66.7% moderate and 26.7% strong
staining; that of adenocarcinoma was 29.1% negative, 16.7% weak,
and 54.2% moderate staining. As for control, normal bronchial epi-
thelial cells and alveolar epithelial cells of adjacent noncancerous
tissue did not show any positive staining with anti-hnRNP B1 anti-
body (Fig. 1C). In data not shown, the lung of bacterial pneumonia
and interstitial pneumonia did not express hnRNP B1 protein, indi-
cating that hnRNP B1 expression is not associated with inflammatory
reactions.

Elevated Expression of hnRNP B1 in Roentgenographically
Occult Cancer. Next, we determined the expression level of
hnRNP B1 protein in 43 roentgenographically occult cancers that
were not detected by roentgenographic diagnosis, such as chest
X-ray or computed tomography. The clinical features of the cancer
patients, such as invasive grade, mean age, mean smoking index,
pathological diagnosis, and positive staining of hnRNP B1 in the
tissues, are summarized in Table 2. Invasive grade of the occult
cancers was divided into three types: carcinomain situ (11 cases),
intrabronchial invasion (14 cases), and extrabronchial invasion (18
cases). Pathological diagnosis revealed that all 43 occult cancers
were squamous cell carcinomas.

Fig. 2A shows a representative occult cancer, with a very small
lesion (,5 mm in diameter) of early lung cancer tissue. Of the 43
occult cancer patients, 58.1% showed positive staining of hnRNP B1:
intra- and extrabronchial invasions showed 71.4% and 61.1% posi-
tivity, respectively, considerably higher than carcinomain situ, 36.4%
(Table 2). The results suggest that overexpression of hnRNP B1

Table 1 Positivity of immunohistochemical staining with anti-hnRNP B1 antibody in lung cancer patients

Parameter No.a

No. of positive stainingb/total no. (%)

Negative Weak Moderate Strong Total positivity

Histological types
Squamous cell carcinoma 15 0/15 (0) 1/15 (6.6) 10/15 (66.7) 4/15 (26.7) 15/15 (100)
Adenocarcinoma 24 7/24 (29.1) 4/24 (16.7) 13/24 (54.2) 0/24 (0) 17/24 (70.8)
Large cell carcinoma 3 0/3 (0) 0/3 (0) 3/3 (100) 0/3 (0) 3/3 (100)
Small cell carcinoma 1 0/1 (0) 0/1 (0) 0/1 (0) 1/1 (100) 1/1 (100)
Total no. 43
Clinical stages

I 14 0/14 (0) 2/14 (14.3) 11/14 (78.6) 2/14 (14.3) 14/14 (100)
II 11 3/11 (27.3) 2/11 (18.2) 4/11 (36.4) 2/11 (18.2) 8/11 (72.3)
III 16 3/16 (18.8) 2/16 (12.5) 9/16 (56.3) 3/16 (18.8) 13/16 (81.3)
IV 2 1/2 (50) 1/2 (50) 0/2 (0) 0/2 (0) 1/2 (50)

Total no. 43
a Number of patients with tumor of given cell type or stage.
b “Positive” was defined as nuclear staining observed in over 50% of.300 cells examined for each case.
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begins in the early stage of the lung cancer and is also associated with
cancer progression.

Elevated Expression of hnRNP B1 in Bronchial Dysplasia.
Eleven patients with bronchial dysplasia were diagnosed by trans-
bronchial lung biopsy. The clinical features of these patients were then
summarized by age, smoking index, pathological diagnosis, and pos-
itive staining of hnRNP B1 in the lesions (Table 3). The mean age was

60 years. Pathological diagnosis of all dysplasia showed three mild,
three moderate, and five severe dysplasias.

Fig. 2B shows a representative bronchial dysplasia: positive hnRNP
B1 staining for dysplasia patients was 63.6% in total [100% (three of
three) for mild, 33.3% (one of three) for moderate, and 60.0% (three
of five) for severe dysplasia]; adjacent noncancerous tissue did not
show any positive staining. Whether positively stained bronchial

Fig. 1. Overexpression of hnRNP B1 in human lung cancers. Immunohistochemical
staining of squamous cell carcinoma (A), adenocarcinoma (B), and noncancerous tissue
(C) in the lungs was examined using anti-hnRNP B1 antibody, and staining of squamous
cell carcinoma (D) and adenocarcinoma (E) using anti-hnRNP A2/B1. The hnRNP B1
protein was overexpressed in nuclei of cancer cells, but not in those of normal bronchial
epithelial cells. The criteria of staining intensity were designated as strong (A) and
moderate (B). Over 80% of cancer cell nuclei showed positive staining inA andB.
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Fig. 2. Overexpression of hnRNP B1 in roentgeno-
graphically occult cancer and bronchial dysplasia. Immu-
nohistochemical staining of roentgenographically occult
cancer (A) and bronchial dysplasia (B) was performed.
The hnRNP B1 protein was overexpressed in nuclei of
cancer cells and bronchial dysplasia (arrowhead), but not
in those of normal bronchial epithelial cell adjacent to
dysplasia.C, H&E staining of the same case inB.
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dysplasia and nonstained bronchial dysplasia represent different car-
cinogenic processes remains to be investigated. However, the results
suggest the presence of qualitative differences in the carcinogenesis of
bronchial dysplasia. For population-based lung cancer screening ap-
proaches, anti-hnRNP B1 antibody staining will provide useful diag-
nostic information for early lesions of human lung cancer.

Detection of Tumor Cells by Sputum Cytology Using Anti-
hnRNP B1 Antibody. To confirm the usefulness of hnRNP B1 in
early diagnosis of lung cancer, we applied anti-hnRNP B1 antibody in
sputum cytology, first developing the optimum condition of immu-
nocytochemistry for sputum staining with anti-hnRNP B1 antibody.
Fig. 3 shows positive staining of adenocarcinoma cells contained in
sputum samples obtained from an adenocarcinoma patient: no positive
staining was observed in normal bronchial epithelial cells or oral
squamous cells contained in sputum samples. Until now, we have
analyzed the sputum samples of 12 lung cancer cases. Three of 12
samples that were diagnosed as class V by cytology showed cancer

cells stained positively, whereas the other 9 samples diagnosed class
I or II were negative in immunostaining.

DISCUSSION

Early detection of lung cancer is the key to long-term survival: the
5-year survival rate of patients diagnosed at the microinvasive stage of
cancer is estimated at over 90%. Early diagnosis of lung cancer
patients, however, has remained an elusive goal, with,1% of the
cases being so diagnosed (1–3). Therefore, the development of a new
diagnostic method specifically for the very early stage of lung cancer
is urgently required. We recently demonstrated that hnRNP B1 is
overexpressed in nuclei of lung cancer cells, but not in normal
bronchial cells or alveolar cells (11). In this study, we confirmed that
100% of lung cancer tissue at clinical stage I was positively stained
with anti-hnRNP B1 antibody. Here, we found that 58.1% of roent-
genographically occult lung squamous cell carcinomas and 63.6% of
bronchial dysplasias were positive in staining with anti-hnRNP B1
antibody. These results strongly suggested that overexpression of
hnRNP B1 protein is a very early event in lung carcinogenesis, one
that may be an early biomarker for detection of premalignant lesions
of the lungs as well as the very early stages of various squamous cell
carcinomas.

Our results suggested that overexpression of hnRNP B1 represent-
ing cell proliferation appears in very early lesions of lung cancers.
Still to be determined are the mechanisms of hnRNP B1 overexpres-
sion in lung cancer tissue, or its relationship with other molecular
markers that are early events in lung carcinogenesis including muta-
tion of p53, loss of p16 expression, expression of telomerase, and loss
of heterozygosity of 3p, 9p or 17p (14–18), we assumed that hnRNP
B1 overexpression was partly related to cell cycle regulation, based on
our previous evidence that hnRNP B1 expression is associated with
rapid cell growth of lung cancer cell lines (11). The expression of
hnRNP B1 is thought to be up-regulated by both transcriptional and
posttranscriptional mechanisms in lung cancer tissue (11), and Mich-
elsonet al. (19) recently found that nuclear DEAF-1-related protein
NUDR binds to hnRNP A2/B1 promoter and regulates its promoter
activity. However, our previous results presented that the elevated
expression of thehnRNP B1gene and protein in lung cancer cell line
and cancer tissue was more apparent than that of thehnRNP A2gene

Table 2 Characteristics of clinical features of roentgenographically occult cancers

Invasive grade No.a
Pathological

diagnosis
No. of positive staining/

total no. (%)

Carcinomain situ 11 Sqb 4/11 (36.4)
Intrabronchial invasion 14 Sq 10/14 (71.4)
Extrabronchial invasion 18 Sq 11/18 (61.1)
Total number 43 Sq 25/43 (58.1)
a Number of patients with tumor of given cell type or stage.
b Sq, squamous cell carcinoma.

Table 3 Characteristics of clinical features of bronchial dysplasia patients

Case
Age
(yr)

Smoking
index

Pathological
diagnosis

Immunoreactivity
of hnRNP B1

1 61 1400 Mild Da Positive
2 63 600 Mild D Positive
3 71 2000 Mild D Positive
4 64 800 Moderate D Negative
5 66 1500 Moderate D Negative
6 33 740 Moderate D Positive
7 55 900 Severe D Negative
8 65 1000 Severe D Positive
9 63 600 Severe D Negative

10 62 1290 Severe D Positive
11 56 800 Severe D Positive

a D, dysplasia.

Fig. 3. Detection of lung cancer cells in sputum by
immunocytochemistry of hnRNP B1. Immunocytochem-
istry of sputum sample was performed using anti-hnRNP
B1 antibody. Positive staining of hnRNP B1 was found
only in cancer cells.
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(11). Although Montuengaet al. (20) reported that immunohisto-
chemistry of human fetal lung using anti-hnRNP A2/B1 antibody
showed positive staining, we found that fetal normal lung and adult
lung cancer tissues showed different expression patterns: the differ-
ences included intensity of staining and intracellular localization of
the hnRNP B1 protein.4

From the results of epidemiological studies and some animal ex-
periments, we know that dysplasia is a precancerous state in the
sequential process of lung carcinogenesis (21–23). However, not all
cases of bronchial dysplasia develop into squamous cell carcinomas
(24–26) and, in our experiments, 36.4% of bronchial dysplasias did
not show positivity with anti-hnRNP B1 antibody. Because positive
hnRNP B1 staining varied among cases of bronchial dysplasia, we
think the high-risk group, which progresses to malignancy, might be
predicted by this method. Tockmanet al.(27) previously reported that
positive immunostaining of hnRNP A2/B1 in sputum specimens made
it possible to predict clinical onset of primary lung cancer within 12
months. Their initial work was an essential step toward prediction of
the high-risk group, but their anti-hnRNP A2/B1 antibody also stained
41% of normal bronchial epithelium (28). However, our anti-hnRNP
B1 antibody will provide high specificity for detection of the high-risk
group, because it did not stain normal bronchial epithelium in sputum
cytology. Like hnRNP B1, cyclins D1 and E are also overexpressed in
dysplasia, overexpressions that are strongly associated with the proc-
ess of progression (29). A prospective cohort study should be con-
ducted to determine whether hnRNP B1 overexpression, rather than
that of cyclins D1 and E, is related to development into overt lung
cancer.

As we recently reported, hnRNP B1 overexpression was found in
100% of squamous cell carcinomas of the lungs, in oral cancer tissue
of stage I patients, in leukoplakia with severe dysplasia, and in those
of the esophagus (11–13). All oral squamous cell carcinomas and
severe dysplastic leukoplakia, a premalignant lesion, showed strong
staining with anti-hnRNP B1 antibody (seven of seven and three of
three, respectively; Ref. 12). hnRNP B1 expression in 16 paraffinized
sections of esophageal cancer, both cancerous and noncancerous
regions, was intensively studied, and positive staining of hnRNP B1
was also observed in the cancerous regions (13). These results indi-
cated that squamous cell carcinomas of other organs, such as oral and
esophageal cancers, are also useful targets for this method. Further-
more, we found that subcellular localization of hnRNP B1 in a
keratinized cell is different from that in basal lesion of cancer tissue;
it will be possible that hnRNP B1 regulates specific gene expression
in squamous cell carcinomas. The functional role and the target
molecule of hnRNP B1 in squamous cell carcinoma are under inves-
tigation.

The overall mortality rate of lung cancer has not changed in the past
25 years, but recent developments in the study of molecular carcino-
genesis show us that prevention is a rational approach to lung cancer
(30, 31). To improve the survival rate of lung cancer patients, early
detection of dysplasia and occult cancer is the most promising strat-
egy. What has heretofore been missing, however, is an appropriate
surrogate end point marker that is a predictor of cancers, one that
could be used in successful intervention trials with chemoprevention
(32). We have recently obtained results in which treatment with
(-)-epigallocatechin gallate, the main constituent of green tea extract,
inhibited expression of thehnRNP B1gene and hnRNP B1 protein in
human lung cancer cell line.5 Thus, we think that hnRNP B1 is such
a marker for squamous cell carcinomas in various organs, not only in

primary cancer, but also in recurrent and second primary cancers in
humans.

ACKNOWLEDGMENTS

We thank Drs. Tomoko Kozu, Kazunori Nishida, and Toru Takahashi for
generous collaboration and Dr. Yasuhito Kobayashi for technical support.

REFERENCES

1. The Editorial Board of Cancer Statistics in Japan. Mortality from malignant neo-
plasms by age group and sex in Japan (1997).In: T. Kakizoe, S. Sugimura, K.
Segami, N. Yamaguchi, H. Shimizu, T. Yamada, M. Shirai, A. Oshima, and M.
Ohtaka (eds.), Cancer Statistics in Japan, pp. 104–145. Tokyo: Foundation for
Promotion of Cancer Research, 1999.

2. Lung Cancer Registration Committee. Time trends and survival rate of lung cancer.
In: S. Watanabe, S. Tominaga, and T. Kakizoe (eds.), Gann Monograph on Cancer
Research 43, pp.119–127. Tokyo: Japan Scientific Societies Press, 1995.

3. Gazdar, A. F., and Minna, J. D. Molecular detection of early lung cancer. J. Natl.
Cancer Inst.,91: 299–301, 1999.

4. Frost, J. K., Fontana, R. S., and Melamed, M. R. Early lung cancer detection:
summary and conclusions. Am. Rev. Respir. Dis.,130: 565–570, 1984.

5. Tockman, M. S., Gupta, P. K., Myers, J. D., Frost, J. K., Baylin, S. B., Gold, E. B.,
Chase, A. M., Wilkinson, P. H., and Mulshine, J. L. Sensitive and specific mono-
clonal antibody recognition of human lung cancer antigen on preserved sputum cells:
a new approach to early lung cancer detection. J. Clin. Oncol.,6: 1685–1693, 1988.

6. Zhou, J., Mulshine, J. L., Unsworth, E. J., Scott, F. M., Avis, I. M., Vos, M. D., and
Treston, A. M. Purification and characterization of a protein that permits early
detection of lung cancer. J. Biol. Chem.,18: 10760–10766, 1996.

7. Kozu, T., Henrich, B., and Schaffer, K. P. Structure and expression of the gene
(HNRPA2B1) encoding the human hnRNP protein A2/B1. Genomics,25: 365–371,
1995.

8. Mayeda, A., Munroe, S. H., Caceres, J. F., and Krainer, A. R. Function of conserved
domains of hnRNP A1 and other hnRNP A/B proteins. EMBO J.,13: 5483–5495,
1994.

9. Burd, C. G., and Dreyfuss, G. Conserved structures and diversity of functions of
RNA-binding proteins. Science (Washington DC),265: 615–621, 1994.

10. Ishikawa, F., Matunis, M. J., Dreyfuss, G., and Cech, T. R. Nuclear proteins that bind
the pre-mRNA 39 splice site sequence r(UUAG/G) and the human telomeric DNA
sequence d(TTAGGG)n. Mol. Cell. Biol.,13: 4301–4310, 1993.

11. Sueoka, E., Goto, Y., Sueoka, N., Kai, Y., Kozu, T., and Fujiki, H. Heterogeneous
nuclear ribonucleoprotein B1 as a new marker of early detection for human lung
cancers. Cancer Res.,59: 1404–1407, 1999.

12. Goto, Y., Sueoka, E., Chiba, H., and Fujiki, H. Significance of heterogeneous nuclear
ribonucleoprotein B1 as a new early detection marker for oral squamous cell carci-
noma. Jpn. J. Cancer Res.,90: 1358–1363, 1999.

13. Matsuyama, S., Goto, Y., Sueoka, N., Ohkura, Y., Tanaka, Y., Nakachi, K., and
Sueoka, E. Heterogenous nuclear ribonucleoprotein B1 expressed in esophageal
squamous cell carcinomas as a new biomarker for diagnosis. Jpn. J. Cancer Res.,91:
658–663, 2000.

14. Nuorva, K., Soini, Y., Kamel, D., Autio-Harmainen, H., Risteli, L., Risteli, J.,
Vahakangas, K., and Paakko, P. Concurrent p53 expression in bronchial dysplasias
and squamous cell lung carcinomas. Am. J. Pathol.,142: 725–732, 1993.

15. Bennett, W. P., Colby, T. V., Travis, W. D., Borkowski, A., Jones, R. T., Lane, D. P.,
Metcalf, R. A., Samet, J. M., Takeshima, Y., Gu, J. R., Vahakangas, K., Soini, Y.,
Paakko, P., Welsh, J. A., Trump, B. F., and Harris, C. C. p53 protein accumulates
frequently in early bronchial neoplasia. Cancer Res.,15: 4817–4822, 1993.

16. Thiberville, L., Payne, P., Vielkinds, J., LeRiche, J., Horsman, D., Nouvet, G., Palcic,
B., and Lam, S. Evidence of cumulative gene losses with progression of premalignant
epithelial lesions to carcinoma of the bronchus. Cancer Res.,15: 5133–5139, 1995.

17. Ahrendt, S. A., Chow, J. T., Xu, L. H., Yang, S. C., Eisenberger, C. F., Esteller, M.,
Herman, J. G., Wu, L., Decker, A., Jen, J., and Sidransky, D. Molecular detection of
tumor cells in bronchoalveolar lavage fluid from patients with early stage lung cancer.
J. Natl. Cancer Inst.,91: 332–339, 1999.

18. Yashima, K., Litzky, L. A., Kaiser, L., Rogers, T., Lam, S., Wistuba, I. I., Milchgrub,
S., Srivastava, S., Piatyszek, M. A., Shay, J. W., and Gazdar, A. F. Telomerase
expression in respiratory epithelium during the multistage pathogenesis of lung
carcinomas. Cancer Res.,57: 2373–2377, 1997.

19. Michelson, R. J., Collard, M. W., Ziemba, A. J., Persinger, J., Bartholomew, B., and
Huggenvik, J. I. Nuclear DEAF-1-related (NUDR) protein contains a novel DNA
binding domain and represses transcription of the heterogeneous nuclear ribonucle-
oprotein A2/B1 promoter. J. Biol. Chem.,274: 30510–30519, 1999.

20. Montuenga, L. M., Zhou, J., Avis, I., Vos, M., Martinez, A., Cuttitta, F., Treston,
A. M., Sunday, M., and Mulshine, J. L. Expression of heterogeneous nuclear ribo-
nucleoprotein A2/B1 changes with critical stages of mammalian lung development.
Am. J. Respir. Cell Mol. Biol.,19: 554–562, 1998.

21. Auerbach, O., Gere, J. B., Forman, J. B., Petrick, T. G., Smolin, H. J., Muehsam,
G. E., Kassouny, D. Y., and Stout, A. P. Changes in the bronchial epithelium in
relation to smoking and cancer of the lung. N. Engl. J. Med.,256: 97–104, 1957.

22. Saccomanno, G., Archer, V. E., Auerbach, O., Saunders, R. P., and Brennan, L. M.
Development of carcinoma of the lung as reflected in exfoliated cells. Cancer (Phila.),
33: 256–270, 1974.

4 N. Fujmotoet al., manuscript in preparation.
5 E. Sueokaet al., unpublished results.

1901

hnRNP B1 AS EARLY LUNG CANCER BIOMARKER
D

ow
nloaded from

 http://aacrjournals.org/cancerres/article-pdf/2492316/ch050101896.pdf by guest on 19 M
ay 2023



23. Becci, P. J., McDowell, E. M., and Trump, B. F. The respiratory epithelium. IV.
Histogenesis of epidermoid metaplasia and carcinomain situ in the hamster. J. Natl.
Cancer Inst.,61: 577–586, 1978.

24. Band, P. R., Feldstein, M., and Saccomanno, G. Reversibility of bronchial marked
atypia: implication for chemoprevention. Cancer Detect. Prev.,9: 157–160, 1986.

25. Arnold, A. M., Browman, G. P., Levine, M. N., D’Souza, T., Johnstone, B., Skingley,
P., Turner-Smith, L., Cayco, R., Booker, L., Newhouse, M., and Hryniuk, W. M. The
effect of the synthetic retinoid etretinate on sputum cytology: results from a random-
ised trial. Br. J. Cancer,65: 737–743, 1992.

26. Lee, J. S., Lippman, S. M., Benner, S. E., Lee, J. J., Ro, J. Y., Lukeman, J. M., Morice,
R. C., Peters, E. J., Pang, A. C., Fritscher, H. A., Jr., and Hong, W. K. Randomized
placebo-controlled trial of isotretinoin in chemoprevention of bronchial squamous
metaplasia. J. Clin. Oncol.,12: 937–945, 1994.

27. Tockman, M. S., Mulshine, J. L., Piantadosi, S., Erozan, Y. S., Gupta, P. K.,
Ruckdeschel, J. C., Taylor, P. R., Zhukov, T., Zhou, W-H., Qiao, Y-L., and Yao, S-X.
Prospective detection of preclinical lung cancer: results from two studies of hetero-

geneous nuclear ribonucleoprotein A2/B1 overexpression. Clin. Cancer Res.,3:
2237–2246, 1997.

28. Zhou, J., Mulshine, J. L., Ro, J. Y., Avis, I., Yu, R., Lee, J. J., Morice, R.,
Lippman, S. M., and Lee, J. S. Expression of heterogeneous nuclear ribonucleo-
protein A2/B1 in bronchial epithelium of chronic smokers. Clin. Cancer Res.,4:
1631–1640, 1998.

29. Lonardo, F., Rusch, V., Langenfeld, J., Dmitrovsky, E., and Klimstra, D. S. Over-
expression of cyclins D1 and E is frequent in bronchial preneoplasia and precedes
squamous cell carcinoma development. Cancer Res.,59: 2470–2476, 1999.

30. Hong, W. K., and Sporn, M. B. Recent advances in chemoprevention of cancer.
Science (Washington DC),278: 1073–1077, 1997.

31. Chemoprevention Working Group. Prevention of cancer in the next millennium:
report of the chemoprevention working group to the American association for cancer
research. Cancer Res.,59: 4743–4758, 1999.

32. Hong, W. K., and Lippman, S. M. Cancer chemoprevention. Natl. Cancer Inst.
Monogr.,17: 49–53, 1995.

1902

hnRNP B1 AS EARLY LUNG CANCER BIOMARKER
D

ow
nloaded from

 http://aacrjournals.org/cancerres/article-pdf/2492316/ch050101896.pdf by guest on 19 M
ay 2023


