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Patho-epidemiological studies showed that thyroid lymphoma (TL) arises in inflammatory lesions
of chronic lymphocytic thyroiditis (CLTH). Replication error (RER) is found in inflammatory
lesions and associated cancer, suggesting that chronic inflammation could be a risk factor for neo-
plastic development through causing RER. To clarify whether RER is involved in the pathogenesis
of TL, we examined the microsatellite instability (MSI) in 9 cases with CLTH and 19 with TL,
including 10 diffuse large B-cell lymphoma (DLBL), 4 follicle center cell lymphoma, 3 marginal
zone B-cell lymphoma of extranodal (MALT) type, and 2 lymphoplasmacytic type. Sixteen distinct
microsatellite repeats were analyzed. Mutations of p53 and k-ras genes were also examined. When
alterations at 2 or more microsatellite loci were judged as positive, only 5 DLBL cases exhibited
MSI. The frequency of MSI in DLBL was significantly higher than that in other types of TL and
CLTH (P<<<<0.05). Four of 19 cases (21.1%) showed point mutation of the k-ras gene. The k-ras
mutations occurred in the cases with DLBL with RER, and four of five cases with RER had a k-ras
mutation, indicating a close association between RER and k-ras mutation. p53 mutations were not
found in the CLTH. Two of 19 TL cases showed mutations of p53 gene. There was no significant
association between RER and p53 mutation. These findings indicate that genomic instability con-
tributes to the progression of TL from low grade to high grade, but not to the development of low
grade lymphoma in CLTH lesions.
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Thyroid lymphoma (TL) is a minor constituent of non-
Hodgkin’s lymphoma, accounting for 2.5% of all cases of
extranodal lymphomas in the series of Freeman and asso-
ciates from North America1) and 2.2% in our series from
Japan.2) Several studies have suggested that TL originates
from active lymphoid cells in autoimmune lymphocytic
thyroiditis, i.e., Hashimoto’s thyroiditis or chronic lym-
phocytic thyroiditis3) (CLTH). Follow-up studies con-
firmed an important role of CLTH in the development of
TL.4) An immunophenotypic study revealed that TL are
exclusively of B-cell origin.5) From patho-epidemiological
studies on malignant lymphomas, we proposed that malig-
nant lymphoma, exclusively of B-cell type, develops in
chronic inflammation.6) Malignant lymphomas of the pleu-
ral cavity, urinary bladder, stomach, and thyroid develop-
ing in patients suffering from chronic pyothorax,7) chronic
urocystitis,8) follicular gastritis caused by Helicobacter
pylori infection,9) and CLTH6) are included in this concept.
Reactive oxygen species released from polymorphonuclear
leukocytes and macrophages cause DNA damage in the
inflammatory lesions,10) and thus might contribute to

tumorigenesis. Indeed, chronic inflammation appears to
enhance tumorigenesis in lung, bowel, and skin.

Replication error (RER), as revealed by widespread
microsatellite instability (MSI), is a manifestation of
genomic instability caused by a defect in DNA mismatch
repair function, and facilitates the fixation of genetic dam-
age.11) Microsatellites are nucleotide repeat sequences
which occur scattered throughout the genome. MSI has
been detected in cancers associated with the hereditary
nonpolyposis colorectal cancer syndrome, as well as in a
variety of sporadic cancers, including gastric, endometrial,
and colorectal cancers.11) MSI was reported in colonic
mucosa with ulcerative colitis and associated carcinomas
or in the parenchymal cells of pancreas affected by pan-
creatitis, suggesting that impaired DNA repair increases
risk for the development of neoplasias in these
patients.12, 13) Although MSI is uncommon in ordinary lym-
phomas,14) relatively frequent RER has been reported in
gastric lymphoma or AIDS-related lymphoma. These find-
ings suggest that infection and chronic inflammation could
be risk factors for neoplastic development through causing
RER.15–17)

In this study, we examined the MSI in TL and CLTH to
clarify whether RER is involved in the pathogenesis of
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TL. Mutations of p53 and k-ras genes were also examined
by polymerase chain reaction-single strand conformation
polymorphism (PCR-SSCP) followed by direct sequenc-
ing, because p53 and k-ras genes play both direct and
indirect roles in maintaining genetic integrity, and muta-
tions of these genes are commonly found in human malig-
nancies.

MATERIALS AND METHODS

Cases  Thyroid specimens were collected from 19 patients
with TL and 9 with CLTH, who were admitted to the
Kuma Hospital (Kobe) during the period 1995–98. All but
4 cases of TL were female. Age of patients on admission
ranged from 45 to 70 (median 66) years in TL and 27 to
80 (median 67) years in CLTH. All patients underwent
surgery, including total, partial thyroidectomy, or open
biopsy. All of the histologic specimens were fixed in 10%
formalin and routinely processed for paraffin-embedding
or snap-frozen at −150°C and stored at −180°C until use.
Criteria for the diagnosis of CLTH included increased con-
sistency of the thyroid-gland, occasional hypothyroidism,
high level of thyroid-stimulating hormone, low 123I-uptake,
and the presence of antimicrosomal and/or antithyroglobu-
lin antibodies in the serum. Histologic findings of CLTH
included lymphocytic infiltration, usually forming lym-
phoid follicles with germinal centers, varying degrees of
fibrosis and oxyphilic change or squamous metaplasia in
epithelial cells of the thyroid follicles. TL were classified
according to the revised European-American classification
for lymphoid neoplasms (REAL). Immunohistochemical
study on paraffin sections from TL was carried out using
the avidin-biotin-peroxidase complex method: mono-

clonal antibodies used as the primary antibody included
L26 (CD20), CD3, UCHL-1 (CD45RO) (DAKO, Glost-
rup, Denmark), MB-1 and MT-1 (CD43) (Bioscience,
Emmenbrucke, Switzerland).
Selection of microsatellite loci  Sixteen distinct microsat-
ellite repeats were analyzed by PCR in all cases (Table I).
D3S1261, D3S1265, and c-myc have previously been
shown to have a high frequency of instability in gastric
lymphoma,16, 17) as does D9S171 in non-Hodgkin’s lym-
phoma of B-cell lineage.18) BAT25 and BAT26, a mononu-
cleotide repeat, were reported to show shortened alleles in
human tumors with RER.19) Three tumor suppressor loci
(p53×2, DCC) were also selected. One of each primer pair
was fluorescence-labeled with XRITC, HEX, NED or
FITC dye.
Microsatellite analysis  DNA was extracted from fresh-
frozen thyroid tissues, as well as from peripheral blood
leukocytes of the same patient, using the phenol-chloro-
form extraction method. A 15 µl aliquot of reaction mix-
ture containing 100 ng of genomic DNA, 0.2 µM of each
primer of the appropriate pair, 0.25 µM of each deoxynu-
cleotide triphosphate, 1× PCR buffer, and 0.6 U of Ampli
Taq Gold DNA polymerase (Applied Biosystems, Foster
City, CA) was used for PCR. PCR conditions were as fol-
lows: 95°C for 10 min followed by 37 cycles (95°C for 30
s, 50°C for BAT25 and 26, 58°C for D3S643, 55°C for
other markers, and 72°C for 30 s), and a final elongation
at 72°C for 10 min. After amplification, reaction products
(3 µl) were denatured and separated on 6% polyacryl-
amide gels containing 7 M urea. The gels were placed in
an FMBIO-II (Takara, Kusatsu) and analyzed. The elec-
trophoretic patterns of peripheral blood leukocytes and
thyroid tissue from the same patient were then compared

Table I. Microsatellite Markers Used for MSI Analysis

Locus  Repeat Location Dye Size (bp) Source

D3S643 CA 3p21.3 XRITC 103 Takara
D3S1261 CA 3p12-14 XRITC 217 Takara
D3S1265 CA 3q27 XRITC 126–150 Takara
D6S309 CA 6p24-25 NED 307–333 Applied Biosystems
D9S171 CA 9p21 NED 164–188 Applied Biosystems
D11S1314 CA 11q13 HEX 97–123 Applied Biosystems
D14S74 CA 14p23 HEX 301–325 Applied Biosystems
D15S978 CA 15q11-13 HEX 187–215 Applied Biosystems
D22S539 CA 22q11 NED 203–221 Applied Biosystems
DCC TA 18q21 FITC 150–210 Takara
MYC CA 8q24 XRITC 113 Takara
P53(1) CA 17p13 FITC 103–135 Takara
P53(2) AAAAT 17p13 FITC 140–175 Takara
(AT)TSHR AT 14q31 FITC 292–328 Takara
BAT25 Poly(A) tracts 4q12 XRITC 125 Takara
BAT26 Poly(A) tracts 2p21 FITC 121 Takara
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to detect different alleles caused by expansion or deletion
of repeat tracts.
p53 and k-ras mutations  Partially intron-based PCR
primers of p53 gene exons 5–8 and k-ras gene exons 1–2
are shown in Table II. PCR amplification and nonradioac-
tive (cold) SSCP analysis were carried out to detect muta-
tions as described previously.20) The aberrant SSCP bands
were extracted from the gel and reamplified by PCR for
20 or 25 cycles to enrich the mutated alleles. Sequencing
was performed by the dideoxy chain termination method
using the Ampli Taq FS cycle-sequencing kit (Applied
Biosystems). Sequencing primers were the same as those
used for PCR. Cycle sequencing was performed following
the usual protocol, i.e., 30 cycles of denaturation (95°C,
30 s), annealing (52°C, 30 s), and extension (72°C, 4 min)
followed by 20°C after the final cycle. After ethanol pre-
cipitation, the samples were analyzed with a Genetic Ana-
lyzer (ABI PRISM 310′, Applied Biosystems). PCR-SSCP
analysis and sequencing of mutated bands were repeated
three times for each sample to rule out the possibility of
contamination and PCR fidelity artifacts.

Statistical method  Fisher’s exact test was used to evalu-
ate the significance of differences in the frequencies of
MSI and mutations in p53 and k-ras genes between CLTH
and TL.

RESULTS

Histologic and immunohistologic findings  Lymphoma
cells in all cases showed a B-cell phenotype, i.e., CD20+

and/or MB-1+, CD3−, CD45RO−, CD43−. The TL of this
series were classified as diffuse large B-cell lymphoma
(DLBL) in 10 cases, follicle center cell lymphoma in 4,
marginal zone B-cell lymphoma of extranodal (MALT)
type in 3, and lymphoplasmacytic type in 2.
Microsatellite alterations and RER  The cases showing
alterations at ≥2 microsatellite loci were judged as posi-
tive for MSI. Single-locus microsatellite changes in nontu-
mor DNA are reported to be detectable at low frequency
(1 to 4×10−3 per cell generation) in the absence of detect-
able defects in DNA mismatch repair,21) so such occasional
microsatellite alterations were considered to be a back-

Table II. Oligonucleotide Primers Used for PCR Reactions

k-ras
Exon 1 5′-CAT GTT CTA ATA TAG TCA CA-3′

5′-CTC TAT TGT TGG ATC ATA TTC GTC C-3′
Exon 2 5′-ACT GTG TTT CTC CCT TCT CA-3′

5′-CAC AAA GAA AGC CCT CCC CA-3′
p53

Exon 5 5′-GTA CTC CCC TGC CCT CAA CA-3′
5′-CTC ACC ATC GCT ATC TGA GCA-3′

Exon 6 5′-TTG CTC TTA GGT CTG GCC CC-3′
5′-CAG ACC TCA GGC GGC TCA TA-3'

Exon 7 5′-TAG GTT GGC TCT GAC TGT ACC-3′
5′-TGA CCT GGA GTC TTC CAG TGT-3′

Exon 8 5′-AGT GGT AAT CTA CTG GGA CGG-3′
5′-ACC TCG CTT AGT GCT CCC TG-3′

Table III. Microsatellite Alterations and Gene Mutations

Histology No. of cases
Microsatellite alterations Gene mutations

1 locus ≥2 loci p53 k-ras

Chronic lymphocytic thyroiditis 9 2 0 0 0
Thyroid lymphoma
Low-grade MALTomaa) 9

5
0

2 0
Follicle center lymphoma
Diffuse large B-celll lymphoma 10 1 5 0 4

a) Marginal zone lymphoma and lymphoplasmacytic lymphoma. 
b) Fisher’s exact test.

b) P<0.05
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ground and not significant. RER is usually characterized
by alterations in multiple loci,22) and this threshold would
significantly lower the probability of regarding back-
ground mutations as positive.

The results are summarized in Table III and representa-
tive cases are illustrated in Fig. 1. Six cases of TL and 2

cases of CLTH showed alterations at a single microsatel-
lite locus. Only 5 cases of DLBL exhibited alterations at
≥2 loci, i.e., 2 loci in 2 cases, 3 loci in 2 cases, and 8 loci
in one case. The frequency of MSI in DLBL was signifi-
cantly higher than that in other types of TL and CLTH
(P<0.05). One DLBL case showed alterations at D3S1261

a)

myc

Case 23

b)

T N

Case 2

T N

T N

D3S1261

T N

D3S1265

T N

D3S643

T N

D11S1314

T N
p53 (1)

T N
p53 (2)

T N
DCC

T N
myc

T N

D15S978

T N

D22S539

T N

D6S309

Fig. 1. Representative examples of microsatellite analysis in thyroid lymphomas (T) and peripheral blood cells (N) from the same
patients. Sixteen distinct microsatellite repeats were analyzed as described in “Materials and Methods.” a) Case 23 showed no microsat-
ellite alteration, whereas Case 2 showed microsatellite alteration at the myc locus. b) D22S539 locus from marginal zone B-cell lym-
phoma of extranodal (MALT) type. Remaining figures were from cases of DLBL with RER. No cases showed alterations at D9S171,
D14S74, BAT25 and BAT26 loci.

Table IV. Summary of Cases with Mutations of p53 and k-ras Gene

Case Age Sex Histology RER
p53 k-ras exon 1a)

Exon Codon Nucleotide Codon Nucleotide

1 60 F DLBL 8/16 — — — 12 GGT→GCT
2 61 F DLBL 3/16 — — — 12 GGT→TGT
3 67 M DLBL 2/16 — — — 13 GGC→GAC
4 80 F DLBL 3/16 — — — 13 GGC→GAC
5 54 F FCL 1/16 6 190 CCT→CTT — —
6 73 F LP 1/16 8 272 GTT→GGT — —

a) No mutations were found in exon 2.
DLBL, diffuse large B-cell lymphoma; FCL, follicle center cell lymphoma; LP, lymphoplasmacytic lymphoma.
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and D3S1265, and three cases at the c-myc locus. No
cases exhibited shortened alleles at BAT25 and BAT26,
which are indicators of RER in many human tumors.19)

p53 and k-ras mutations  Detected mutations of p53 and
k-ras genes are summarized in Table IV. Four of 19 cases
(21.1%) had mutations at exon 1 of the k-ras gene: two
were missense mutations in codon 13 and two were muta-
tions in codon 12, one of which was a missense change
and the other resulted in substitution of glycine (GGT)
with cysteine (TGT). Two of the four substitutions were
G:C→A:T, one was G:C→C:G, and one was G:C→T:A.
CpG pairs were involved in none of the cases. None of the
cases showed point mutations in exon 2 of the k-ras gene.
It is noteworthy that the k-ras mutations occurred in the
cases with DLBL with RER, and four of five cases with
RER had a k-ras mutation. There is a significant associa-
tion between RER and k-ras mutation (P<0.05).

p53 mutations were not found in the CLTH. Two of 19
TL cases (10.5%) showed mutations of the p53 gene: one
was a missense change in codon 190 at exon 6, and the
other was a substitution mutation of valine (GTT) with
glycine (TGT) in codon 272 at exon 8. One substitution
was C:G→T:A and the other was T:A→G:C. CpG sites
were not involved. No significant association between
RER and p53 mutation was found.

DISCUSSION

CLTH is an organ-specific autoimmune disease and pre-
disposes to TL, with a delay of over 10 years until devel-
opment of TL.4) In this situation, MSI was suggested to
occur in the thyroid lesions, because oxidative stress is
responsible for as many as 10000 DNA-damaging events/
cell/day under normal cellular conditions.23) However,
none of the present CLTH and TL of low grade cases
showed MSI. Chronic inflammation in CLTH might inten-
sify oxidative stress and induce DNA damage, but might
be compensated by enhanced capacity of DNA repair.

Gastric lymphoma is now classified as MALT lym-
phoma,24) and is considered to develop in H. pylori-
induced chronic gastritis.9) Chong et al.16) reported that
66.7% of low-grade gastric MALT lymphomas showed
RER. However, Xu et al.25) have recently reported that
none of 33 cases of primary gastric lymphoma of the
MALT type exhibited RER, after examining 9 microsatel-
lite loci including the same 7 microsatellite loci as selected
by Chong et al.16) These discrepancies might derive from
the different criteria used to define RER: only one locus
was enough for some studies and more than 2 loci in
another. We regarded the cases showing alterations at ≥2
microsatellite loci as positive for MSI, and none of the 9
cases of primary TL of low grade or follicle center cell
lymphoma exhibited RER, including alterations at
D3S1261, D3S1265 and c-myc loci, which have been

reported to have a high frequency of instability.16) Thus,
genomic instability might not contribute significantly to
the molecular pathogenesis of low-grade MALT lym-
phoma developing in chronic inflammation.

In this study, 50% of DLBL exhibited RER, i.e., alter-
ations at ≥2 loci. The frequency of MSI in DLBL was sig-
nificantly higher than that in other types of TL and CLTH
(P<0.05), suggesting that increase in the genomic instabil-
ity contributes to the progression from low grade to high
grade lymphoma of the thyroid. In gastric lymphoma,
accelerated genomic instability in DLBL compared to low
grade lymphomas was reported,16, 17, 25) although the differ-
ence in MSI frequency was not statistically significant in
the study by Xu et al.25) Frequency of MSI in DLBL aris-
ing in the wall of chronic pyothorax, a type of lymphoma
developing in chronic inflammation, was found to be
about 30% (data not published). In nodal lymphomas,
Gamberi et al.14) found that MSI was not responsible
for the clinical progression and histologic transformation,
which are common in the late phase of nodal lymphomas.
These findings might suggest different pathogenetic mech-
anisms for progression of nodal and extranodal lympho-
mas.

The k-ras gene-encoded protein, referred to as p21,
functions as a G protein, which plays a role in signal
transduction from growth factor receptors on the cell
membrane. Point mutations in k-ras gene result in forma-
tion of proteins that can not be inactivated, thus leading to
autonomous cell growth and proliferation. It was reported
that leukocyte-derived potent oxidants could cause k-ras
oncogene activation, which is believed to play a critical
role in the pathogenesis of many human malignancies.26)

In our studies, a significant association between RER and
k-ras mutation (P<0.05) was found; four of five DLBL
with RER had k-ras mutation. MSI might lead to accumu-
lation of genetic aberrations such as k-ras mutations, caus-
ing progression of low grade to high grade lymphoma.
Alternatively, MSI may be present per se in some cases
with DLBL. The association of RER with k-ras mutation
was also reported in pancreatic cancer, non-small cell lung
cancer, and a type of sarcoma in mice.13, 27)

p53 is a well-known tumor suppressor gene, and has an
anti-oncogenic role by causing cells with damaged DNA
to arrest at the G1 phase of the cell cycle or stimulating
expression of the bax gene, the protein product of which
promotes apoptosis. p53 mutation was involved in the
development of splenic marginal zone lymphoma,28) or
associated with progression of MALT lymphoma.29) In our
cases, p53 mutations were found in only 2 of 9 cases with
low-grade MALT lymphoma, but in none of DLBL. These
findings suggest that genomic instability does not always
occur in concert with p53 inactivation.

Free radicals cause DNA damage such as DNA deami-
nations and single-strand breaks. DNA deaminations
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change DNA sequences as follows30); G:C→A:T,
A:T→G:C, G:C→T:A, A:T→T:A. Indeed, in our cases,
such changes were found in 3 of 4 cases with k-ras muta-
tion, and in 1 of 2 cases with p53 mutations.

In conclusion, the present findings on TL indicate that
the genomic instability contributes to the molecular patho-
genesis of the progression from low grade to high grade
lymphoma.
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