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p53 protein participates in the processes of
apoptosis, which is involved in a number of
immunological reactions. In order to test
whether the p53 gene could be used as a
genetic marker for the prediction of the
development of autoimmune thyroid dis-
eases (AITD), we screened, by using
polymerase chain reaction (PCR) analysis,
for the C (CC_C)/G (CG_C) polymorphism at
the p53 codon 72 (Pro 72/Arg 72) to
determine the genotypes of 107 Hashimo-
to’s thyroiditis (HT) and 90 Graves’ disease
(GD) patients, and 105 normal controls.
The data demonstrated that, for the geno-
type analysis, HT patients featured an
enhanced numerical ratio for the Arg/Arg
homozygous genotype (33.7%) and a
diminished ratio for the Arg/Pro heterozy-
gous genotype (41.1%) at the p53 codon
72 than was the case for normal controls
(Arg/Arg: 17.1% and Arg/Pro: 61.9%;
P 5 0.005). The odds ratio for the risk
of the Arg/Arg genotype’s appearance,

compared with that of the Arg/Pro and
Pro/Pro genotypes combined, for the HT
patient group was 2.450 (95% confidence
interval: 1.274–4.716). With respect to
allelic analysis, we did not observe sig-
nificant difference in the frequency of
appearance of the Arg allelic variant and
the Pro allelic variant for the p53 codon 72
when comparing the HT patient group with
the control group (P 5 0.208). On the other
hand, GD patients presented no significant
difference in distribution for both genotype
and allelic frequencies (P 5 0.344 and
0.245, respectively) when compared with
normal controls. In conclusion, HT patients
feature a greater ratio of arginine homo-
zygosity at p53 codon 72 than in the case
for normal subjects. The p53 codon 72
proline/arginine polymorphism may be a
genetic marker to predict the increased
susceptibility of development of HT. J. Clin.
Lab. Anal. 22:321–326, 2008. r 2008
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INTRODUCTION

Hashimoto’s thyroiditis (HT) and Graves’ disease
(GD) are both common organ-specific autoimmune
diseases of the thyroid gland (AITD), which are most
common in middle-aged women. The pathogenesis of
HT involves the antibody (Ab), such as antimicrosomal
Ab (AMA), -dependent cytotoxicity and cytotoxic T
lymphocyte (CTL)-induced direct cell destruction or
programmed cell death, i.e., apoptosis (1,2), whereas it
would appear that GD is mainly caused by the

stimulatory effect upon thyroid cells of thyrotropin
receptor Ab (TRAb) (3). Histologically, the thyroid
glands of patients suffering from either of these two
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disorders virtually always present with diffuse lympho-
cyte infiltration of the gland with germinal-center
formation and, to a greater or smaller degree, the
presence of fibrosis (4). Furthermore, there typically
exists an increased obliteration of thyroid follicles by
widespread apoptosis for HT sufferers, a feature that
also appear, but less remarkably, in the thyroid glands
of GD patients, however (5,6). Clinically, both disorders
are characterized by the presence of diffuse thyroid
enlargement (goiter), although HT patients always
appear euthyroid or hypothyroid, whereas GD patients
usually present with hyperthyroidism.
Intrathyroidal lymphocyte infiltration, the pathogno-

monic feature of AITD, is typically composed of T cells
and B cells, implying a contribution to the pathogenesis
of both disorders from cell-mediated as well as humoral
immunity (7). Typically such B cells are able to produce
Abs, such as AMA and antithyroglobulin Ab (ATA),
and TRAb (1,3). With respect to T cells, they mediate
cascades of cellular and humoral immune reactions via,
respectively, T-helper (Th) 1 and Th2 pathways (8).
Obviously thus, lymphocytes with their mediated
immunological reactions play a critical role in the
development of AITD.
The p53 is usually recognized as a tumor-suppressor

gene because its encoding protein, p53, participates in
the processes of cell-cycle arrest and apoptosis (9).
Apoptosis not only prevents tumor generation but also
normally regulates the maturation and control of both
T- and B-cell immune responses, the basic pathogenetic
components of AITD, via removing autoreactive or
nonreactive immune elements (10,11). In general, p53 is
expressed to varying degrees in various cancer cells,
however, it has also been detected in noncancerous
thyroid tissue (12–14). Using immunohistochemical
staining techniques, Chetty et al. and Okayasu et al.
have independently, observed the expression of p53 in
thyroid tissue derived from HT sufferers (12,13).
Further, in 2000, Fenton and colleagues also detected
the presence, in serum, of Ab against the p53 for
patients suffering from AITD (14). Thus, it seems
reasonable to propose that there is a linkage between
the p53 (and p53) and an individual’s susceptibility to
AITD.
The genetic mechanism underlying AITD would

appear to be quite complex, and to the best of our
knowledge, most studies that have attempted to deal
with this mechanism have focused upon the human
leukocyte antigen (HLA) region and the cytotoxic T
lymphocyte-associated protein-4 (CTLA-4) (15–17). It
would be appear, however, that other genes are also
involved in the inheritance of AITD. Codon 72 proline/
arginine allelic variants are a very common polymorph-
ism of the p53 and they have been reported to feature

markedly different apoptotic potentials (18). The degree
of proline homozygosity in this site has been found to
constitute a risk factor for an individual’s susceptibility
to thyroid cancer (19,20). To the best of our knowledge,
however, from a thorough review of the literature, at the
time of writing there would not appear to have been any
literature-published studies that have reported on the
association between the p53 polymorphisms and AITD.
In order to test whether the p53 could be used as a
genetic marker for the prediction of AITD development,
we screened the p53 codon 72 proline (Pro 72, CC_C)/
arginine (Arg 72, CG_C) polymorphism, using polymer-
ase chain reaction (PCR) analysis, so as to compare
the distributions for both genotype and allelic
frequencies for both HT as well as GD patients with
normal controls from a selected Taiwanese study
population.

METHODS

Patient Selection

One hundred and seven unrelated Chinese HT
patients (97 women) aged between 17 and 69 years
(mean 36.0712.5) and 90 GD patients (73 women) aged
between 17 and 71 years (mean 35.3712.5) were
enrolled in this study that continued from January
2003 through to January 2005 inclusively. All study-
participating patients were of the Han race and resided
in central Taiwan. None of the HT patients participat-
ing in this study revealed any current or any previous
history of hyperthyroidism or any thyroid-associated
ophthalmopathy. None of the study-participating
female patients were pregnant at the time of the study,
and none had delivered a baby/babies within the entire
year period prior to study enrolment. The presence of a
palpable goiter, a positive serum AMA titer (1:100 or
greater), either featuring an elevated serum ATA titer or
not, and negative serum TRAb were used as the
definitive criteria to specifically define HT. On the other
hand, the presence of hyperthyroidism, a diffuse goiter,
and a positive serum TRAb (410%), supported by
infiltrative ophthalmopathy and a positive serum AMA
and/or ATA, were used to define GD. Ultrasonographic
examination revealed a diffuse hypoechogenic pattern
with no evidence of nodular lesions in thyroid gland for
individuals from both groups of patients. The control
group consisted of 105 (90 women) ethnically and
residentially matched healthy volunteers over the age of
40 years who featured neither goiter nor any evidence of
thyroid dysfunction. None of them revealed any positive
antithyroid Ab in their sera. Further, these individuals
also exhibited no previous personal or family history of
thyroid disease or any form of autoimmune disease.
This study was approved by the institutional ethics
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committee of our institution, and informed consent was
requested of, and obtained from, each study subject
before their enrolment in this study.

Polymerase Chain Reaction

Experimental genomic DNA was prepared from periph-
eral blood using the genomic DNA-isolation reagent kit
(Genomaker Inc.; Taipei, Taiwan). A conventional PCR
was used to identify the genotypes of p53. This reaction was
carried out in a total volume of 25mL, containing genomic
DNA; 2–6pmol of each primer; 1� Taq polymerase buffer
(1.5mMMgCl2); and 0.25 units of AmpliTaq DNA
polymerase (Perkin-Elmer; Foster City, CA). The primer
‘‘Pro 72’’ was designed specially for the p53 codon 72 in
proline form and for ‘‘Arg 72’’ in arginine form, according
to a procedure described by Storey et al. (21). PCR
amplification was performed in a programmable thermal
cycler GeneAmp PCR System 2400 (PerkinElmer). Cycling
conditions for Pro 72 were set as follows: one cycle at 941C
for 5min, 35 cycles at 941C for 15 sec and 521C for 20 sec,
and 721C for 30 sec, with one final cycle of extension at
921C for 7min. Conditions for Arg 72 were the same as for
Pro 72, apart from a change from 52 to 501C, for annealing.
The PCR products of Pro 72 and Arg 72 from the same
individual were mixed together and 10mL of this mixture
was loaded into a well of a 3% agarose gel containing
ethidium bromide, following which the gel was subjected to
electrophoresis under normal conditions.
Genotype analyses for both patients and controls were

uniformly performed in the same laboratory by a single
well-trained professional technician contemporaneously,
and all resultant gels were inspected by investigators
who were blinded to the clinical phenotypes of the
individuals being studied. If a slightly doubtful or
unclear reading resulted from PCR, the PCR procedure
was repeated by another trained technician in order to
attempt to determine the exact genotype for each study-
participating individual.

Statistical Analysis

The genotype and allelic frequencies of the poly-
morphism for individuals from the HT and from the
GD patient groups were separately compared statisti-
cally with the corresponding data for the control group.
For this purpose, we used the w2 test performed with the
Statistical Package for Social Sciences (SPSS) Version
8.01 software (SPSS for Windows, SPSS Inc.; Chicago,
IL). Results were considered statistically significant
when the probability of findings occurring by chance
was less than 5% (Po0.05), which was further examined
with calculation of power. Odds ratios (OR) with
associated 95% confidence intervals (CI) were calculated

for disease susceptibility associated with specific geno-
types and alleles.

RESULTS

The PCR products for Pro 72 and Arg 72 were,
respectively, 177-base pairs and 141-base pairs.
As regards genotype analysis, HT patients featured an

enhanced numerical ratio for the Arg/Arg homozygous
genotype (33.7%) and a diminished ratio for the Arg/
Pro heterozygous genotype (41.1%) at the p53 codon 72
than was the case for normal controls (Arg/Arg: 17.1%
and Arg/Pro: 61.9%; w2 test, P5 0.005, power5 0.85;
Table 1). The OR for the risk of the Arg/Arg genotype’s
appearance, compared with the appearance of the Arg/
Pro and Pro/Pro genotypes combined, was 2.450 (95%
CI: 1.274–4.716) for the HT patient group. Further,
however, we noted no difference in the distribution of
genotype frequencies for GD patients as compared with
normal controls (P5 0.344; Table 1).
With respect to the allelic analysis undertaken, unlike

the results for genotype analysis, we observed no
significant difference as regards frequency of appearance
for the Arg allelic variant (54.2 and 48.1%, respectively)
and the Pro allelic variant (45.8 and 51.9%, respectively)
for the p53 codon 72 when comparing the HT patient
group with the corresponding data from the control
group (w2 test, P5 0.208; Table 2). Further, we also
failed to observe any statistically significant difference as
regards the allelic analysis for the GD patient group
compared with the normal control group (w2 test,
P5 0.245; Table 2).
Further subgroup analysis for HT patients was

performed, and no significant association between the
serum TSH levels (o5 or Z5mIU/L) and genotypes
was detected (P5 0.892; Table 3).

DISCUSSION

To the best of our knowledge, p53 is generally
recognized as a tumor-suppressor gene. Wild-type p53
has been reported to be able to reduce the opportunity

TABLE 1. Genotype Frequencies of p53 Codon 72 Between
Healthy Control Subjects, HT and GD Patients

Genotype

HT patientsa

n5 107 (%)

GD patientsb

n5 90 (%)

Controls

n5 105 (%)

Arg/Argc 36 (33.7) 13 (14.4) 18 (17.1)

Arg/Pro 44 (41.1) 50 (55.6) 65 (61.9)

Pro/Pro 27 (25.2) 27 (30.0) 22 (21.0)

aP5 0.005, compared with controls (power5 0.85).
bP5 0.344, compared with controls.
cOR for Arg/Arg5 2.450 (95% CI5 1.274–4.716), compared with

Arg/Pro and Pro/Pro combined, for HT patients.
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for certain tumor formation because its encoding
protein, p53, is capable of activating either cell-cycle
arrest or apoptosis in an attempt to prevent the
proliferation of DNA-damaged cells. It would appear,
however, that mutant variants of p53 lose this ‘‘protec-
tive’’ ability and thus their appearance has been
suggested to be associated with an increase in the
incidence of various cancers for individuals featuring
such mutant variants (9). The appearance of the p53
polymorphism has been linked with an individual’s
susceptibility to thyroid cancer, as revealed by investiga-
tions of Boltze et al. (19) and Granja et al. (20), both
groups having (separately) observed that the presence of
proline homozygosity at codon 72 of p53 increases the
risk of susceptibility to, respectively, undifferentiated
and differentiated thyroid cancers for involved indivi-
duals. Interestingly, we report here on a novel finding
that p53 is also related to the development of AITD, our
data demonstrating that there appeared to be an
increased frequency of presence of the Arg/Arg homo-
zygous genotype for the p53 codon 72 for HT patients as
compared with corresponding data for normal controls
(P5 0.005, power5 0.85). This suggests that the 53
codon 72 Arg/Pro polymorphism could represent a
viable candidate genetic marker for the purpose of
predicting the increased susceptibility to the develop-
ment of HT.
HT and GD are both AITD, and undoubtedly,

humoral as well as cell-mediated immunity play an
important role in the development of both disorders
(7,8). It should be recognized, however, that apoptosis
also contributes to an individual’s susceptibility to

AITD, at least partially by way of regulating the
maturation and control of the immune response
mediated by both T and B lymphocytes (10,11). Further,
apoptosis may also be directly involved in the pathogen-
esis of AITD. For example, upon histological examina-
tion, the thyroid glands of HT patients typically present
a markedly increased level of apoptosis of thyrocytes, a
scenario, however, which appears to be less significant
for cases of GD (5,6). Apoptosis is a coordinated cycle
of programmed events that results in cell death, the
process of apoptosis being complex and involving
multiple factors, including the p53-encoded protein,
p53 (22). p53 is actually a transcriptional factor that
activates apoptosis by upregulating the proapoptotic
genes, such as Bax, and by downregulating the
antiapoptotic genes, such as Bcl-2 (21,23). Furthermore,
p53 has also been implicated in the overexpression of a
specific cell-death receptor, Fas, and this is believed to
be an underlying cause of apoptotic thyrocyte destruc-
tion for sufferers of HT (24,25). Thus, p53 may
contribute in some way to the development of AITD,
especially HT.
p53 features an abundance of mutation, with more

than a thousand variants having been identified among
human tumor samples to date, indicating that the
proper functioning of p53 is very sensitive to even slight
changes in amino-acid sequence (9). The Pro (CC_C)/
Arg (CG_C) polymorphism at codon 72 is a very
common genetic feature of p53 (26). Proline and
arginine are two different types of amino acid featuring
disparate physical and chemical characteristics (27).
Proline is a hydrophobic amino acid that does not
readily fit into an ordered secondary structure of a
polypeptide and thus, in theory, reduces the ability of
p53 to activate apoptosis (27). This may explain
why porline’s homozygosity increases the risk of an
individual’s susceptibility to the suite of thyroid cancers
(19,20). By contrast, arginine contains a fully positively
discharged side chain, which is able to form ionic
bonds with other charged species within the cell
and can therefore enhance the ability of p53 to activate
apoptotic process (27). Such observation is quite
compatible with our finding that, as compared
with normal healthy controls, there exists an increased
frequency of the Arg/Arg homozygous genotype
among patients suffering from HT, a disease that
features marked apoptosis. Unlike our finding for the
HT patient group, we failed to observe any relationship
between the p53 codon 72 polymorphism and an
individual’s susceptibility to GD. This apparent dis-
crepancy of results derived from our study may be
attributable to the somewhat different degree of
contribution by apoptosis to the genesis of these two
disorders (5,6).

TABLE 2. Allelic Frequencies of p53 Codon 72 Between

Healthy Control Subjects, HT and GD Patients

Allelic

variant

HT patientsa

n5 214 (%)

GD patientsb

n5 180 (%)

Controls

n5 210 (%)

Arg 116 (54.2) 76 (42.2) 101 (48.1)

Pro 98 (45.8) 104 (57.8) 109 (51.9)

aP5 0.208, compared with controls.
bP5 0.245, compared with controls.

TABLE 3. Genotype Frequencies of p53 Codon 72 Between

HT Patients With Euthyroidism (TSHo5mIU/L) or

Hypothyroidism (TSHZ5mIU/L)

Genotypea
Euthyrodism

n5 53 (%)

Hypothyroidism

n5 54 (%)

Arg/Arg 20 (37.7) 22 (40.8)

Arg/Pro 20 (37.7) 18 (33.3)

Pro/Pro 13 (24.6) 14 (25.9)

aP5 0.892.
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Our data demonstrate significant difference in the
distribution for p53 codon 72 genotypes, but not for
allelic variants, between HT patients and normal
controls. This statistical disagreement also appeared in
the study for thyroid cancer (20) and is partly because of
the relatively high appearance rate of heterozygous
genotype in control groups. Because p53 is actually
a tetramer and this structure is necessary to exert
its biological activities (28), different p53 genotypes
will result in the production of p53 with different
conformations and, in theory, consequently influence
the activities of p53. To the best of our knowledge, the
effect of p53 codon 72 genotypes on the biological
activities of p53 has not been conclusively studied yet.
However, in an in vitro study using primary mouse
fibroblasts model, Lowe and coworkers observed that
homozygously wild and mutant p53 and hemizygous p53
displayed different degrees of effect to modulate the
cytotoxicity of anticancer agents (29). Further, the
genotype of p53 codon 72 was also suggested to be a
genetic marker for early diagnosis of lung cancer (30). In
our research, we also investigated the effect of p53 on
clinical status of HT. However, we failed to observe
significant difference in genotype distribution for p53
codon 72 between HT patients with euthyroidism
(TSHo5mIU/L) or hypothyroidism (TSHZ5mIU/L).
Further investigation is clearly needed to elucidate the
effect of the polymorphism at p53 codon 72 to the
biological activities of p53.
Patients suffering from AITD are typically diagnosed

subsequent to the development of symptoms, primarily
owing to a lack of available predictive markers for
early diagnosis of the disease. Logically, therefore,
the determination of a reliable genetic marker for
AITD should lead to earlier diagnosis of the malady.
Our data indicate that the Arg/Pro polymorphism at the
codon 72 of the p53 may potentially be a candidate
genetic marker for screening for an individual’s suscept-
ibility to certain AITD. As direct evidence for a clear
association between the presence of p53 and an
individual’s AITD susceptibility would still appear to
be lacking, further study is clearly necessary in this
realm in order to elucidate the role of the p53
polymorphism with respect to the pathogenesis of
certain AITD.

REFERENCES

1. Chiovato L, Bassi P, Santini F, et al. Antibodies producing

complement-mediated thyroid cytotoxicity in patients with

atrophic or goitrous autoimmune thyroiditis. J Clin Endicrinol

Metab 1993;77:1700–1705.

2. Kotani T, Aratake Y, Hirai K, Fukazawa N, Sato H, Ohtaki S.

Apoptosis in thyroid tissue from patients with Hashimoto’s

thyroiditis. Autoimmunity 1995;20:231–236.

3. Larsen PR, Alexander NM, Chopra IJ, et al. Revised

nomenclature for tests of thyroid hormones and thyroid-

related proteins in serum. Arch Pathol Lab Med 1987;111:

1141–1145.

4. Woolner LB, McConahey WM, Beahrs OH. Struma lymphoma-

tosa [Hashimoto’s thyroiditis] and the related thyroidal disorder.

J Clin Endicrinol Metab 1959;19:53–83.

5. LiVolsi VA. 2000. Pathology. In: LE Breverman, RD Utiger,

editors. Werner and Ingbar’s the Thyroid. Philadelphia: Lippin-

cott Williams & Wilkins, p 488–511.

6. Tanimoto C, Hirakawa S, Hawasaki H, Hayakawa N, Ota Z.

Apoptosis in thyroid diseases: A histochemical study. Endocr

J 1995;42:193–201.

7. Martin A, Davies TF. T cells and human autoimmune thyroid

disease: Emerging data show lack of need to invoke suppressor

T-cell problem. Thyroid 1992;2:47–61.

8. Romagnani S. Th1 and Th2 in human diseases. Clin Immunol

Immunopathol 1996;80:225–235.

9. Karp G. 2002. Cancer. In: G Karp, editor. Cell and

Molecular Biology: Concepts and Experiments. New York: Wiley,

p 671–702.

10. Dhein J, Walczak H, Baumler C, Debatin KM, Krammer PH.

Autocrine T-cell suicide mediated by APO-1/(Fas/CD95). Nature

1995;373:438–441.

11. Duke RC, Ojcius DM, Young JD. Cell suicide in health and

disease. Sci Am 1996;275:80–87.

12. Chetty R, O’Laery JJ, Biddolph SC, Gatter KC. Immunohisto-

chemical detection of p53 and Bcl-2 proteins in Hashimoto’s

thyroiditis and primary thyroid lymphomas. J Clin Pathol

1995;48:239–241.

13. Okayasu I, Osakabe T, Onozawa M, Mikami T, Fujiwara M.

p53 and p21 (WAF1) expression in lymphocytic thyroiditis

and thyroid tumors. Clin Immunol Immunopathol 1998;88:

183–191.

14. Fenton CL, Patel A, Tuttle RM, Francis GL. Autoantibodies to

p53 in sera of patients with autoimmune thyroid disease. Ann Clin

Lab Sci 2000;30:179–183.

15. Weetman AP. Autoimmune thyroiditis: Predisposition and patho-

genesis. Clin Endocrinol (Oxf) 1992;36:307–323.

16. Yanagawa T, Taniyama M, Enomoto S, Gomi K, Maruyama H,

Ban ST. CTLA4 gene polymorphism confers susceptibility to

Graves’ disease in Japanese. Thyroid 1997;7:843–846.

17. Tomer Y, Davies TF. Searching for the autoimmune thyroid

disease susceptibility genes: From gene mapping to gene function.

Endocr Rev 2003;24:694–717.

18. Dumont P, Leu JI, Della Pietra III AC, George DL, Murphy M.

The codon 72 polymorphic variants of p53 have markedly

different apoptotic potential. Nat Genet 2003;33:357–365.

19. Boltze C, Roessner O, Landt E, Szibor B, Peters R, Schneider-

Stock R. Homozygous proline at codon 72 of p53 as a potential

risk factor favoring the development of undifferentiated thyroid

carcinoma. Int J Oncol 2002;21:1151–1154.

20. Granja F, Morari J, Morari EC, Correa LA, Assumpcao LV,

Ward LS. Proline homozygosity in codon 72 of p53 is a

factor of susceptibility for thyroid cancer. Cancer Lett 2004;210:

151–157.

21. Storey A, Thomas M, Kalita A, et al. Role of p53 polymorphism

in the development human papillomavirus-associated cancer.

Nature 1998;393:229–234.

22. Zamzami N, Kroemer G. p53 in apoptosis control: An introduc-

tion. Biochem Biophys Res Commun 2005;331:685–687.

23. Yu MW, Yang SY, Chiu YH, Chiang YC, Liaw YF, Chen CJ. A

p53 genetic polymorphism as a modulator of hepatocellular

carcinoma risk in relation to chronic liver disease, familial tendency,

325p53 Polymorphism and Autoimmune Thyroid Diseases

J. Clin. Lab. Anal.



and cigarette smoking in hepatitis B carriers. Hepatology 1999;29:

697–702.

24. Bennett M, Macdonald K, Chan SW, Luzio JP, Simari R,

Weissberg P. Cell surface trafficking of Fas: A rapid

mechanism of p53-mediated apoptosis. Science 1998;282:

290–293.

25. Giordano C, Stassi C, De Maria R, et al. Potential involvement of

Fas and its ligand in the pathogenesis of Hashimoto’s thyroiditis.

Science 1997;275:960–963.

26. Ara S, Lee PS, Hansen MF, Saya H. Codon 72 polymorphism of

the TP53 gene. Nucleic Acids Res 1990;18:4961.

27. Karp G. The chemical basis of life. In: G Karp, editor. Cell andMolecular

Biology: Concepts and Experiments. New York: Wiley, 2002, p 32–82.

28. Jeffrey PD, Gorina S, Palvletich NP. Crystal structure of the

tetramerization domain of the p53 tumor suppressor at 17

angstroms. Science 1995;267:1498–1502.

29. Lowe SW, Ruley HE, Jacks T, Housman DE. p53-dependent

apoptosis modulates the cytotoxicity of anticancer agents. Cell

1993;74:957–967.

30. Jin X, Wu X, Roth JA, et al. Higher lung cancer risk for younger

African-Americans with the Pro/Pro p53 genotype. Carcinogenesis

1995;16:2205–2208.

326 Tsai et al.

J. Clin. Lab. Anal.


