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The detection of papillary microcarcinomas of the thyroid is increasing due to frequent use of ultrasound and
fine-needle aspiration biopsy. Although most of the papillary microcarcinomas remain quiescent and follow an
indolent clinical course, some behave aggressively and metastasize early, giving rise to clinically significant
disease. There have been few studies concerning factors predictive of lymph node metastasis in papillary
microcarcinomas. We analyzed the expression of S100A4, cyclin D1, p27 and MUC1, the presence of the
BRAFV600E mutation and the clinicopathological features of the tumors, including patient age, tumor size (Z5 vs
o5mm), extrathyroidal extension, multifocality, histological subtype, sclerosis and encapsulation, in a series
of 198 papillary microcarcinomas in relation to lymph node metastasis to determine the predictive factors of
lymph node metastasis. On univariate analysis, tumor size of 5mm or more, extrathyroidal extension,
multifocality, sclerosis and the expression of S100A4 and cyclin D1 predicted lymph node metastasis, whereas
patient age, expression of p27 and MUC1 and the BRAFV600E mutation did not. Moreover, tumor size 5mm or
more, multifocality and expression of S100A4, especially its strong expression in the invasive fronts, were
significantly associated with macrometastasis and lateral node metastasis. On multivariate analysis,
multifocality and expression of S100A4 were found to be common independent predictive factors of lymph
node metastasis, macrometastasis and lateral node metastasis. In conclusion, S100A4 expression in papillary
microcarcinomas may indicate the presence of nodal metastasis. Thus, S100A4 immunohistochemistry may be
valuable for predicting metastatic potential in papillary microcarcinomas.
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The frequent use of thyroid ultrasonography and
fine-needle aspiration biopsy and improvements in
these procedures have increased the observed
incidence of papillary microcarcinoma of the thyr-
oid. This is defined, according to the World Health
Organization, as papillary carcinoma measuring
1.0 cm or less.1 It is the most common form of
papillary carcinoma,1 comprising almost half of the

papillary thyroid carcinomas reported in recent
studies.2–4

Most papillary microcarcinomas remain silent
and have a slow clinical course, but some behave
aggressively, with local recurrence5–7 and early
distant metastasis,5,7 giving rise to clinically signi-
ficant disease. Furthermore, a papillary microcarci-
noma may occasionally be the primary lesion of a
lymph node metastasis presenting clinically as a
neck mass. However, the predictive factors for papil-
lary microcarcinomas with the potential to behave
aggressively have not been established. In large
papillary thyroid carcinomas, the predictors of
relapse or persistent disease are well established
and include age at diagnosis (Z45 years), histological
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subtype (tall-cell, columnar-cell and diffuse scleros-
ing variants), large tumor size, extrathyroidal exten-
sion and nodal metastasis.8 Although its clinical
significance in papillary microcarcinomas is some-
what controversial, several authors have reported
that lymph node metastasis at presentation is
correlated with loco-regional recurrence in papillary
microcarcinomas.5,9–11 Moreover, lymph node metas-
tasis is reported to be associated with distant
metastasis of papillary microcarcinomas.9–11 In the
new TNM (tumor, node, metastases) staging system,
lymph node metastasis is a more important factor
than tumor size in overall staging.12

Overexpression of cyclin D1,13 S100A414 and
MUC1,15 loss of p2713,16 and presence of the BRAF
mutation17,18 have been suggested as important
predictive factors for relapse or nodal metastasis
of papillary thyroid carcinoma. However, to our
knowledge, there have been few studies of the
predictive factors for lymph node metastasis in
papillary microcarcinomas, except for expression
of cyclin D1 and p27, which were reported to be
associated with lymph node metastasis.19–21

In the present study, we investigated the predic-
tive factors of lymph node metastasis in a large
series of papillary microcarcinomas by analyzing
clinicopathological variables, including patient age,
tumor size (Z5 vs o5mm), extrathyroidal exten-
sion, multifocality, histological subtype, sclerosis
and encapsulation, expression of S100A4, cyclin
D1, p27 and MUC1 and presence of the BRAFV600E

mutation.

Materials and methods

Materials

A total of 198 patients with papillary microcarcino-
ma who underwent surgery at Seoul National
University and Seoul National University Bundang
Hospital between 2004 and 2006 were included in
this study. First, we selected 150 patients with
papillary microcarcinoma who underwent neck
dissection (central neck dissection or combined
central and lateral neck dissection) of five or more
lymph nodes, in addition to total thyroidectomy, to
evaluate lymph node status. Lateral neck dissection
was performed when clinically apparent or suspi-
cious lateral node metastases were detected by
preoperative imaging studies. All the cases were
suspected to be cancers on the basis of ultrasound
and fine-needle aspiration biopsy (non-incidental
papillary microcarcinoma), two of which presented
with lymph node metastasis. Forty-five patients
showed preoperatively detectable lymph node en-
largement on ultrasound or computed tomography,
and 34 of them (76%) had metastasis. Seventy-four
patients had cervical lymph node metastasis on
histopathological examination, and 26 of these (35%
of the patients with lymph node metastasis) had
lateral node metastases. We also collected 48

patients with papillary microcarcinoma, which
was an incidental finding after thyroidectomy
performed for other diseases (incidental papillary
microcarcinoma). None of the cases underwent
lymph node dissection and were regarded as a
group without lymph node metastasis. Clinico-
pathological characteristics of the cases are summar-
ized in Table 1.

Histopathological Evaluation

All specimens were fixed in 10% neutral-buffered
formalin, embedded in paraffin wax and stained
with hematoxylin and eosin (H&E) for histological
examination. The diagnosis of papillary microcarci-
noma was based on characteristic architectural
features, i.e., the presence of true papillae and/or
nuclear changes such as ground glass nuclei,
nuclear pseudo-inclusions and nuclear grooves.
The following clinicopathological variables were
recorded: gender, age (Z45 vs o45 years), tumor
size (Z5 vs o5mm), extrathyroidal extension,
multifocality, histological subtype (conventional
pattern vs follicular pattern), sclerosis and encapsu-
lation. Extrathyroidal extension is defined as exten-
sion beyond the thyroid capsule, including
microscopic extension.

Tissue Array Construction

Tissue arrays were used for high throughput ana-
lysis. After screening the slides of each case, we
selected a paraffin block that was well fixed and
contained a representative tumor section. One tissue
column of 4mm in diameter including the tumor
invading fronts was taken from the selected paraffin
block and arranged in a separate new paraffin block
with 24 holes, using a trephine apparatus (Super-
biochips Laboratories, Seoul, Korea). Each tissue
microarray slide contained 24 specimens and
provided sufficient areas for histopathological
examination. As an internal control, we inserted
the tissue columns of normal thyroid or Hashimoto’s
thyroiditis in two holes of each tissue microarray
block.

Table 1 Clinicopathological characteristics of 198 papillary
microcarcinomas

No. (%)

Patient age (year), range (median) 20–78 (48)
Age Z45 years 116 (59)
Gender (F/M) 170/28
Tumor size Z5mm 152 (77)
Extrathyroidal extension 70 (35)
Multifocality 64 (32)
Lymph node metastasis 74 (37)
Follicular variant 22 (11)
Sclerosis 119 (60)
Encapsulation 39 (20)
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Immunohistochemical Analysis

Four micrometer-thick sections from the tissue array
blocks were deparaffinized, rehydrated in graded
alcohols, and processed using a DAKO Envision
detection kit (DakoCytomation, Carpinteria, CA,
USA). Briefly, antigen retrieval was performed in a
microwave oven for 15min in 10mM citrate
buffer pH 6.0. Endogenous peroxidase activity was
blocked with a 3% H2O2-methanol solution, and the
slides were incubated in 10% normal goat serum
for 30min to prevent nonspecific staining. They
were then incubated for 1 h at room temperature
with appropriately diluted primary antibody. The
following antibodies were used: S100A4 (poly-
clonal; 1:1500; DakoCytomation), cyclin D1 (clone
SP4; 1:100; Labvision, Fremont, CA, USA), p27kip1

(clone SX53G8; 1:200; DakoCytomation) and MUC1
(clone Ma552; 1:100; Novocastra, Newcastle, UK).
Thereafter, the sections were incubated with DAKO
Envision/HRP for 30min. Diaminobenzidine was
used as chromogen, and the sections were counter-
stained with Mayer’s hematoxylin. As a negative
control, non-immune serum was substituted for the
primary antibody.

S100A4 expression was cytoplasmic and/or nuclear.
Cyclin D1 and p27kip1 were mostly nuclear, with occa-
sional cytoplasmic staining, and only nuclear staining
was counted. MUC1 was found in the plasma
membrane and occasionally in the cytoplasm.

The expression of markers other than p27kip1 was
graded as follows: 0, no staining or staining in
less than 10% of the tumor cells; 1þ , staining in
10–25% of the cells; 2þ , staining in 26–50% of the
cells; 3þ , staining in 51–75% of the cells; 4þ ,
staining in more than 75% of the cells. For statistical
analysis, cases with any degree of positive staining
were grouped as positive. For S100A4, the presence
or absence of accentuation of expression at invasive
fronts was also recorded. For p27kip1, no staining or
staining in less than 10% of the tumor cells was
defined as the loss of p27kip1.

Detection of the BRAF Mutation: Polymerase Chain
Reaction and Sequencing

It proved possible to extract genomic DNA in 60
of the cases of papillary microcarcinoma for which
additional tumor tissue blocks were available.
Briefly, the tumor areas were marked using 4micron-
thick H&E stained sections as guides. Then, the
marked areas were matched with de-waxed, but
unstained, 20-mm-thick sections. The tumor areas
were dissected from the unstained slides and
transferred into Eppendorf tubes. After dissection,
the blocks were cut into 4-mm sections for H&E
staining to confirm tumor continuity. All samples
were then digested with proteinase K for more than
24h at 561C, and DNA was isolated from the
digested tissue using a General Biosystems Tissue
SV mini kit (General Biosystems, Seoul, Korea). We

amplified BRAF exon 15 by the polymerase chain
reaction (PCR) using primers: forward, 50-GCTTGCT
CTGATAGGAAAATGAG-30, reverse, 50-GATACTCA
GCAGCATCTCAGG-30. PCR conditions were as
follows: initial denaturation at 951C for 5min,
followed by 40 cycles of denaturation at 941C for
20 s, annealing at 561C for 20 s and elongation at
721C for 20 s, and final extension at 721C for 10min.
We sequenced purified PCR products in an MJ
Research PTC-225 Peltier Thermal Cycler using
ABI PRISMs BigDyet Terminator Cycle Sequencing
Kits and AmpliTaqs DNA polymerase (FS enzyme)
(Applied Biosystems). Single-pass sequencing was
performed on each template using the forward
primer. The fluorescence-labeled fragments obtai-
ned were purified from unincorporated terminators
by ethanol precipitation, resuspended in distilled
water and subjected to electrophoresis in an ABI
3730� l sequencer (Applied Biosystems).

Statistical Analysis

Statistical analysis was performed with SPSS soft-
ware (version 11.0, SPSS Inc., Chicago, IL, USA). w2

and Fisher’s exact tests were used when comparing
frequencies between groups. Factors independently
associated with nodal metastasis were tested by
stepwise logistic regression analysis. Probability
values less than 0.05 were considered statistically
significant.

Results

Clinicopathological Features of Papillary
Microcarcinomas with Lymph Node Metastasis

To identify the clinicopathological variables asso-
ciated with lymph node metastasis of papillary
microcarcinoma, we compared the clinicopatho-
logical features of 74 patients with lymph node
metastasis with those of 124 patients without lymph
node metastasis. Papillary microcarcinomas with
lymph node metastasis were characterized by
large tumor size (Z5mm; Po0.001), extrathyroidal
extension (Po0.001), multifocality (P¼ 0.002) and
sclerosis (P¼ 0.002). No significant differences were
found between the two groups in terms of other
clinicopathological variables, including patient age,
gender, histological subtype and encapsulation
(Table 2).

Correlation of Immunohistochemical Findings and the
Presence of the BRAFV600E Mutation with Lymph Node
Metastasis

S100A4 was expressed in 136 cases (69%) (Figure 1).
Expression of S100A4 in the invasive fronts could
be evaluated in 120 of 136 S100A4-positive cases.
Of these 120 cases, 29 (24%) showed stronger

S100A4 expression in papillary microcarcinoma
HS Min et al

750

Modern Pathology (2008) 21, 748–755



expression of S100A4 in the invasive fronts than in
the center of the tumor (Figure 1). There was intense
nuclear staining for cyclin D1 in 118 cases (60%).
Loss of p27 expression was observed in 125 cases
(63%), and MUC1 expression was detected in 96
cases (49%).

Of the immunohistochemical markers examined,
S100A4 and cyclin D1 were significantly associated
with lymph node metastasis (Po0.001, P¼ 0.018,
respectively; Table 2), and strong expression of
S100A4 in the invasive fronts was more associated
with lymph node metastasis, when analyzed in the
120 S100A4-positive cases (P¼ 0.019; Table 2).

Besides lymph node metastasis, S100A4 expres-
sion was correlated with sclerosis (P¼ 0.023). Cyclin
D1 expression was significantly higher in the older
age group (Z45 year; 70 vs 45%; Po0.001) and
large tumor (Z5mm; 66 vs 37%; Po0.001), and
lower in follicular variant (32 vs 63%; P¼ 0.005).
MUC1 expression was associated with large tumor
size (Z5mm; 53 vs 35%; P¼ 0.034). Loss of p27 was
not correlated with any clinicopathological features
including lymph node metastasis.

The BRAFV600E mutation was detected in 32 of the
60 cases (53%) in which the analysis was possible.
Its presence was not related to any clinicopatho-
logical features including lymph node metastasis
(Table 2).

Predictive Factors of Macrometastasis in Lymph
Nodes

Of the 74 patients with lymph node metastasis, 51
(69%) showed macrometastasis and 23 (31%)
showed micrometastasis. As micrometastases are
known to have no clinical relevance,22 we compared
the clinicopathological features, immunohisto-
chemical findings and the presence of the BRAFV600E

mutation of 51 patients with macrometastasis with
those of 147 patients without macrometastasis.
Large tumor size (Z5mm; Po0.001), extrathyroidal
extension (P¼ 0.001), multifocality (P¼ 0.001) and
S100A4 expression (P¼ 0.005) were significantly
associated with macrometastasis in lymph nodes
(Table 3). And strong expression of S100A4 in the
invasive fronts was also correlated with macrome-
tastasis (P¼ 0.003) (Table 3).

Predictive Factors of Lateral Node Metastasis

It has been reported that papillary microcarcinoma
patients with clinically apparent lateral node meta-
stasis are more likely to develop local recurrence in
lymph nodes.23 We, therefore, analyzed the factors
associated with lateral node metastasis detected by
preoperative imaging study as well as histological
examination. Tumor size (P¼ 0.044), multifocality

Table 2 Clinicopathological variables, immunohistochemical findings and presence of BRAFV600E mutation in papillary microcarci-
nomas of the thyroid in relation to lymph node metastasis

Parameter Papillary microcarcinoma without
lymph node metastasis (n¼124)

Papillary microcarcinoma with
lymph node metastasis (n¼74)

P-value

Age of the patient o45 years 50 (40%) 32 (43%) 0.686
Z45 years 74 (60%) 42 (57%)

Size of tumor o5mm 44 (35%) 2 (3%) o0.001a

Z5mm 80 (65%) 72 (97%)
Extrathyroidal extension Absent 94 (76%) 34 (46%) o0.001a

Present 30 (24%) 40 (54%)
Multifocality Absent 94 (76%) 40 (54%) 0.002a

Present 30 (24%) 34 (46%)
Follicular variant No 107 (86%) 69 (93%) 0.132

Yes 17 (14%) 5 (7%)
Sclerosis Absent 60 (48%) 19 (26%) 0.002a

Present 64 (52%) 55 (74%)
Encapsulation Absent 96 (77%) 63 (85%) 0.187

Present 28 (23%) 11 (15%)
S100A4 Negative 50 (40%) 12 (16%) o0.001a

Positive 74 (60%) 62 (84%)
S100A4_inv (n¼120)b Negative 54 (84%) 37 (66%) 0.019a

Positive 10 (16%) 19 (34%)
Cyclin D1 Negative 58 (47%) 22 (30%) 0.018a

Positive 66 (53%) 52 (70%)
P27 Negative 80 (65%) 45 (61%) 0.601

Positive 44 (35%) 29 (39%)
MUC1 Negative 67 (54%) 35 (47%) 0.359

Positive 57 (46%) 39 (53%)
BRAFV600E mutation Negative 16 (53%) 12 (40%) 0.301
(n¼ 60) Positive 14 (47%) 18 (60%)

a
Statistically significant.

b
S100A4_inv indicates strong expression of S100A4 in the invasive front. Statistical analysis was performed on 120 S100A4-positive cases.
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(P¼ 0.012) and S100A4 expression (P¼ 0.020) were
significantly associated with lateral node metastasis
(Table 4). And strong expression of S100A4 in

invasive fronts was more strongly associated with
lateral node metastasis, when analyzed in the 120
S100A4-positive cases (P¼ 0.006; Table 4).

Figure 1 S100A4 expression in papillary microcarcinomas of the thyroid. (a) A case showing diffuse and strong expression of S100A4 in
the cytoplasm and nuclei of tumor cells. (b) A case showing scattered cells positive for S100A4. (c) A case with no expression of S100A4.
Tumor infiltrating lymphocytes, macrophages and blood vessels stain for S100A4. (d) A case showing stronger expression of S100A4 in
the invasive fronts than in the center of the tumor.

Table 3 Predictive factors of macrometastasis in papillary microcarcinoma of the thyroid

Parameter Papillary microcarcinoma without
macrometastasis (n¼147)

Papillary microcarcinoma with
macrometastasis (n¼ 51)

P-value

Size of tumor o5mm 44 (30%) 2 (4%) o0.001a

Z5mm 103 (70%) 49 (96%)
Extrathyroidal extension Absent 105 (71%) 23 (45%) 0.001a

Present 42 (29%) 28 (55%)
Multifocality Absent 109 (74%) 25 (49%) 0.001a

Present 38 (26%) 26 (51%)
S100A4 Negative 54 (37%) 8 (16%) 0.005a

Positive 93 (63%) 43 (84%)
S100A4_inv (n¼ 120)b Negative 68 (84%) 23 (59%) 0.003a

Positive 13 (16%) 16 (41%)

a
Statistically significant.

b
S100A4_inv indicates strong expression of S100A4 in the invasive front. Statistical analysis was performed on 120 S100A4-positive cases.
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Multivariate Analysis

Multivariate analysis revealed that the factors
independently associated with lymph node meta-
stasis were tumor size of 5mm or more (odds ratio
14.882; 95% confidence interval (CI), 3.280–67.529;
Po0.001), extrathyroidal extension (odds ratio
2.169; 95% CI, 1.052–4.473; P¼ 0.036), multifocality
(odds ratio 2.927; 95% CI, 1.412–6.065; P¼ 0.004)
and S100A4 expression (odds ratio 3.137; 95% CI,
1.399–7.032; P¼ 0.006); sclerosis and cyclin D1
expression were not independently associated
with lymph node metastasis. Tumor size of 5mm
or more (odds ratio 8.211; 95% CI, 1.821–37.017;
P¼ 0.006), multifocality (odds ratio 2.963; 95% CI,
1.442–6.088; P¼ 0.003) and S100A4 expression
(odds ratio 2.789; 95% CI, 1.162–6.698; P¼ 0.02)
were also revealed to be independent predictive
factors of macrometastasis in lymph nodes. In terms
of lateral node metastasis, multifocality (odds ratio
2.731; 95% CI, 1.155–6.457; P¼ 0.022) and S100A4
expression (odds ratio 3.574; 95% CI, 1.012–12.620;
P¼ 0.048) were proved to be independent predictive
factors.

Discussion

In the present study, we defined the predictive
factors of lymph node metastasis in a large series of
papillary microcarcinomas by analyzing clinico-
pathological variables including tumor size, extra-
thyroidal extension and multifocality, expression of
S100A4, cyclin D1, p27 and MUC1, and the
presence of the BRAFV600E mutation. We found that
tumor size of 5mm or more, extrathyroidal exten-
sion, multifocality, sclerosis, and the expression
of S100A4 and cyclin D1 predicted lymph node
metastasis. Moreover, tumor size of 5mm or more,
multifocality and expression of S100A4, especially
its strong expression in the invasive fronts, were
found to be associated with macrometastasis and
lateral node metastasis. On multivariate analysis,
multifocality and expression of S100A4 were proved

to be common independent predictive factors of
lymph node metastasis, macrometastasis and lateral
node metastasis.

As mentioned earlier, most papillary microcarci-
nomas follow an indolent clinical course.5,6 How-
ever, there have been an increasing number of
reports of aggressive papillary microcarcinomas.
Papillary microcarcinomas may present with up to
35% multifocality,24 up to 30% lymph node metas-
tasis,3 up to 28% extrathyroidal extension3 and up to
2% distant metastases.2 In our study, some features
were even more prevalent: multifocality was found
in 32% of the papillary microcarcinomas, extra-
thyroidal extension in 35% and regional lymph
node metastasis in 37%, although direct comparison
would be inappropriate, because a large number of
our cases were non-incidental papillary microcarci-
noma with lymph node dissection. Moreover, some
authors have insisted that there was no statistically
significant difference between papillary microcarci-
nomas and papillary thyroid carcinomas at clinical
follow-up.11,24 Thus, establishing the predictive
factors that differentiate between silent and poten-
tially aggressive papillary microcarcinomas would
be of great value.

S100A4 is a member of the S100 family of
calcium-binding proteins, also known as metastasin,
fibroblast-specific protein, pEL-98, 18A2, CAPL or
calvasculin.25 Many in vitro and in vivo studies
in rodents have provided evidence that S100A4
is directly involved in tumor progression and
metastasis.25,26 Hence, the prognostic significance
of S100A4 expression has been evaluated in various
human cancers, and it has been shown to be a prog-
nostic marker in breast, pancreatic, prostate, gall-
bladder, esophageal, gastric and non-small cell lung
cancers.27 With regard to thyroid cancer, S100A4
was reported to be the most highly expressed gene in
a thyroid carcinoma cell line with high metastatic
potential, and its overexpression was observed in
most advanced thyroid carcinomas including papil-
lary thyroid carcinomas and anaplastic carcino-
mas.28 S100A4 expression was also elevated in the

Table 4 Predictive factors of lateral node metastasis in papillary microcarcinoma of the thyroid

Parameter Papillary microcarcinoma without
lateral node metastasis (n¼ 172)

Papillary microcarcinoma with
lateral node metastasis (n¼ 26)

P-value

Size of tumor o5mm 44 (26%) 2 (8%) 0.044a

Z5mm 128 (74%) 24 (92%)
Extrathyroidal extension Absent 115 (67%) 13 (50%) 0.094

Present 57 (33%) 13 (50%)
Multifocality Absent 122 (71%) 12 (46%) 0.012a

Present 50 (29%) 14 (54%)
S100A4 Negative 59 (34%) 3 (12%) 0.020a

Positive 113 (66%) 23 (88%)
S100A4_inv (n¼120)b Negative 80 (81%) 11 (52%) 0.006a

Positive 19 (19%) 10 (48%)

a
Statistically significant.

b
S100A4_inv indicates strong expression of S100A4 in the invasive front. Statistical analysis was performed on 120 S100A4-positive cases.
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lymph node metastases of papillary thyroid carci-
nomas compared with primary tumors, and in
the tumor-invading front compared to the central
region, suggesting that S100A4 overexpression is
associated with invasion and metastasis of the papil-
lary thyroid carcinomas.14 In our study, S100A4 was
strongly associated with lymph node metastasis and
was found to be an independent predictive factor of
lymph node metastasis in papillary microcarcino-
mas, suggesting that it is also associated with meta-
stasis of papillary microcarcinomas. Moreover, its
significant association with macrometastasis and
lateral node metastasis confirmed that it could be a
predictive factor for metastasis in lymph node and
poor prognosis. Furthermore, cases with strong
expression of S100A4 in invasive fronts showed a
stronger association with lymph node metastasis,
macrometastasis and lateral node metastasis, sug-
gesting that S100A4 overexpression is involved in
the invasion, and thus the metastasis of papillary
microcarcinomas.

Although S100A4 was strongly associated with
nodal metastasis of papillary microcarcinomas,
its expression was not correlated with tumor size
(61% ino5mm vs 71% inZ5mm; P¼ 0.192). Thus,
S100A4 expression may be associated with early
metastatic potential of papillary microcarcinoma
that is not necessarily correlated with tumor size.
Recently, CEACAM1 expression was also reported to
be associated with metastatic spread, but not with
tumor growth of thyroid cancer.29

In our study, S100A4 was expressed in 69% of
papillary microcarcinomas, which is lower than in
a previous study of large papillary thyroid carcino-
mas.14 Ito et al30 also investigated the expression of
S100A4 in papillary thyroid carcinomas including
58 microcarcinomas and found that S100A4 was
positive in all cases. The difference in frequency of
expression may be due to the differences between
the cutoff points used to define positive staining
and different pools of cases; we regarded cases as
positive for S100A4 when more than 10% of the
tumor cells were stained, whereas Zou et al14 and Ito
et al30 considered cases positive when any tumor
cell was found to express S100A4. Also, in our
study, only 37% of the papillary microcarcinomas
had lymph node metastasis, whereas Zou et al14

examined 28 papillary thyroid carcinomas all of
which had regional lymph node or distant metas-
tases, and in the study by Ito et al,30 70% of the 115
papillary thyroid carcinomas had lymph node
metastasis. Therefore, the higher rate of S100A4
expression in their studies may reflect the greater
metastatic potential of their cases.

Cyclin D1 overexpression and p27 underexpres-
sion have been reported to be predictive factors for
lymph node metastasis in papillary microcarcino-
mas.19–21 Our data showed that cyclin D1 expression
is associated with lymph node metastasis, but not
with macrometastasis or lateral node metastasis.
And it failed to be independent predictive factor for

lymph node metastasis, probably because of its
strong association with tumor size (Po0.001). P27
did not show any association with lymph node
metastasis. This disparity may result from the
difference in scale of the studies and different
criteria for lymph node metastases: we examined
198 papillary microcarcinomas as compared with 56
and 55, respectively, of Khoo et al20 and Ito et al21.
Again, we identified cases with lymph node
metastasis through histological examination, and
therefore, included microscopic metastases also,
whereas the other studies only included cases with
gross or clinically apparent metastases.

There have been conflicting data on the clinical
significance of the BRAFV600E mutation: several
studies have reported that this mutation is related
to poor prognostic factors in papillary thyroid
carcinoma,17,31,32 whereas others have found no
association between them,33–35 as in our study.

As expected, we found that tumor size of 5mm or
more, extrathyroidal spread and multifocality were
associated with lymph node metastasis or macro-
metastasis at presentation. Although tumor size is
measurable preoperatively, extrathyroidal extension
(especially microscopic) and multifocality cannot be
identified prior to histopathological examination.
Thus, preoperative evaluation of tumor size and the
expression of S100A4 in cytological specimens of
papillary microcarcinomas should be helpful in
guiding therapy for patients with papillary micro-
carcinoma.

In conclusion, S100A4 immunohistochemistry
appears to be valuable for predicting metastatic
potential in papillary microcarcinoma, and positive
S100A4 immunostaining, especially in the invasive
fronts of the primary tumor, seems to indicate the
presence of lymph node metastasis. Although its
clinical significance needs to be further evaluated,
S100A4 expression may discriminate between ‘more
aggressive forms’ and clinically silent papillary
microcarcinomas.
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