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Papillary microcarcinoma of the thyroid gland: Is the
immunohistochemical expression of cyclin D1 or galectin-3
in primary tumour an indicator of metastatic disease?
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Abstract
Introduction. Papillary microcarcinomas (PMC) of the thyroid gland are defined according to The WHO Committee as
papillary carcinomas measuring 10 mm or less in diameter. A large proportion of these tumours are found coincidentally in
the treatment of symptomatic goitre and most cases follow an indolent course with an excellent prognosis. However, a more
aggressive behaviour with regional and distant metastases does occur. The aim of this study was to evaluate if the
immunohistochemical markers cyclin D1 or galectin-3 might indicate the presence of metastatic disease in patients with
PMC at the time of diagnosis. Material and methods. From the 1st of January 1996 to 31st of December 2002 a total of 169
PMC patients were diagnosed and registered in the national Danish thyroid cancer database DATHYRCA and 131 of these
were eligible for the study. Forty-three (33%) had histologically verified regional or distant metastases. Slides were cut from
the primary tumour and immunostaining and quantification was subsequently performed. Results. The percentage of
positive cells was examined for patients with and without metastases. For cyclin D1 the median values were 31% (range: 0�
59) and 21% (range: 0�75), respectively, showing a statistically significant difference (p�0.02). For galectin-3 the medians
were 87% (range: 6�96) and 85% (range: 0�99) and no significant difference was found. Conclusion. Cyclin D1 showed
significantly higher median expression in patients with metastases compared to those without, indicating a correlation to
tumour aggressiveness. However, both groups showed large variation in expression, which disqualify the marker as a
discriminator for the detection of metastases. Galectin-3 was without any significant correlation to the presence of
metastases from PMC.

Papillary microcarcinomas (PMC) of the thyroid

gland are defined according to The WHO Committee

as papillary carcinomas measuring 10 mm or less in

diameter. A large proportion of these tumours are

found coincidentally in the treatment of symptomatic

goitre and most cases follow an indolent course with

an excellent prognosis. However, a more aggressive

behaviour with regional and distant metastases does

occur and in these situations supplementary treat-

ment with completing thyroid surgery, neck dissec-

tion and radioiodine ablation therapy might be

indicated. To achieve an individualized and balanced

treatment level with sufficient efficacy and without

the risk of unnecessary complications an indicator of

metastatic disease in PMC would be a valuable tool in

the planning of treatment.

Cyclin D1 is a regulator of cell-cycle transition

through G1 phase, the point where the cells commit

themselves to another round of DNA replication.

The nuclear protein forms a holoenzyme with a

cyclin-dependant kinase (CDK), either CDK4 or

CDK6, and phosphorylates and thereby inactivates
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the retinoblastoma gene product pRB, an important

tumour suppressor protein. Cells overexpressing

cyclin D1 have a shortened G1 phase and less

dependence on growth factors and are able to

transverse the G1/S transition under conditions that

limit the growth of normal cells [1,2]. Overexpres-

sion has been shown in a number of carcinomas, and

furthermore seems to identify head and neck cancer

patients and breast cancer patients with poor survi-

val rates [3].

Several studies have dealt with the subject of

cyclin D1 expression in thyroid carcinomas [4�7].

They have shown, that the protein is expressed in

papillary thyroid carcinomas but not in normal

thyroid tissue, and it is suggested that cyclin D1

expression may play a role in tumour progression.

Khoo et al. [8] and Muro-Cacho et al. [1] examined

whether expression of cyclin D1 could be used as a

prognostic parameter in papillary thyroid carcinoma

and both studies found that overexpression was

correlated to lymph node metastases from this

cancer.

In PMC, three studies suggest an association

between overexpression and the presence of lymph

node metastases [9�11]. The results suggest that

cyclin D1 might be an indicator of metastases from

PMC and a study of a larger patient material seems

justified.

Galectin-3 is a b-galactoside binding lectin which

has been implicated in various biological functions,

most of which are not precisely determined. Among

these the protein has been shown to play a role in

cell-cell interactions, adhesion, migration, invasion,

tumour growth and metastatic and apoptotic resis-

tance [12]. It has been shown in several studies that

galectin-3 is expressed in the cytoplasm of papillary

thyroid carcinomas [13�19] and it is therefore

considered useful in the diagnosis of this cancer.

Kawachi et al. [19] compared the expression from

primary tumours with metastases to those without.

Their results revealed that cases with metastases

scored significantly higher than those without. Only

one study was found concerning the subject of

galectin-3 expression in PMC. Cvejic et al. [20]

found expression in 80.9% (51/63) of tumours and

concluded that galectin-3 is expressed at a slightly

lower frequency in PMC compared to clinically

evident papillary cancers. However, they also con-

cluded that the presence of galectin-3 in clinically

silent cases of PMC might indicate that the protein is

not related to aggressiveness in this tumour.

Because earlier, but minor studies in this way

indicate, that the expression of Cyclin D1 and

galectin-3 might be correlated to the occurrence of

metastatic disease it has been found of interest to

examine these markers in a larger and national based

patient material.

The purpose of this study is to evaluate if the

immunohistochemical markers cyclin D1 or galec-

tin-3 might be indicators of metastatic disease in

PMC at the time of diagnosis.

Material and methods

The patients were retrieved from the national Danish

thyroid cancer database � DATHYRCA. The data-

base is prospectively registering data concerning

Danish thyroid cancer patients. Registration has

been done since the 1st of January 1996. Because

of an ongoing cross-revision with The Danish

National Cancer Registry the content of the data-

base might change over time. To have a consistent

set of data for immunohistochemical analyses the

patients in the database at the 1st of January 2005

founded the basis of the actual study. Missing or

supplementary data have been added when possible.

The inclusion criteria were as follows:

1. Histologically verified papillary thyroid

carcinoma510 mm in the largest diameter;

2. Diagnosis between the 1st of January 1996 and

the 31st of December 2002;

3. Patient alive at the time of diagnosis;

4. No prior history of thyroid cancer.

A total of 169 patients fulfilling the inclusion criteria

were identified in the database. Histopathology

records were retrieved and analysed. It was found,

that two patients had to be excluded: One did not

have a papillary carcinoma and for the other no

primary tumour was identified. Requests for coated

slides or paraffin blocks were sent to the relevant

pathological institutes. In 15 cases it was not possible

to retrieve the specimens. The obtainable material

was revised which resulted in exclusion of another 21

specimens, among these, seven were excluded as no

tumour tissue was left and 14 were excluded because

the tumour exceeded 10 mm. The remaining num-

ber of patients for the immunohistochemical study

was 131.

Patients were diagnosed and treated according to

local recommendations. Only histologically verified

metastases were considered an event. No systematic

lymph node surgery was performed in the group

without suspicion of regional metatsases. Selected

characteristics of the patient material are shown in

Table II.

From the paraffin embedded specimens 5 mm

thick sections were cut and mounted on coated

slides, dried at 608C, dewaxed and rehydrated. The

endogenous peroxidase reaction was blocked in
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1.5% hydrogen peroxide in TBS buffer, pH 7.4 for

10 min. Antigen retrieval was performed using

microwave treatment for 15 min in a solution of

10 mM Tris and 0.5 mM EGTA at pH 9 (TEG).

Tissue-Tek containers (Miles Inc, Elkhart, IN

USA), each with 24 slides in 250 mL buffer were

placed on the edge of a turntable inside a microwave

oven. Slides were heated for 11 min full power

(900 W), then for 15 min at 440 W. After heating,

slides remained in buffer for 15 min.

The immunostaining for cyclin D1 was performed

on the Autostainer Universal Staining System (Da-

koCytomation, Glostrup, Denmark). The machine

applies the reagent, a rabbit monoclonal antibody

(Lab Vision, USA, Cyclin D1 Clone SP4, Code

nr.RM-9104), to horizontally placed slides. The

degree of dilution was 1�200 and the incubation

period was 60 min at room temperature. The

detection system was the Advance system (DakoCy-

tomation, Glostrup, Denmark). Immunostaining

was followed by a brief nuclear counter staining in

Mayer’s haematoxylin. Finally cover slips were

mounted. Figure 1 shows a cyclin D1 staining of a

histologic slide.

Immunostaining for galectin-3 was also performed

on the Autostainer Universal Staining System (Da-

koCytomation, Glostrup, Denmark) in this process

applying a mouse monoclonal antibody (Novocastra,

UK, Galectin-3 Clone 9C4, code nr. NCL-GAL-3),

to the slides. The degree of dilution was 1�400 and

the incubation period was 60 min at room tempera-

ture. The detection system was the Envision�
system K4001 (DakoCytomation, Glostrup, Den-

mark). Immunostaining was followed by a brief

nuclear counter staining in Mayer’s haematoxylin.

Finally cover slips were mounted. Figure 2 shows a

galectin-3 staining of a histological slide.

Negative and positive controls were performed as

a standard routine.

Quantification of the two immunohistochemical

markers was done after the same principals; cyclin

D1 is a nuclear staining and for galectin-3 the

staining is cytoplasmatic. Two times 100 cells at

200� magnification were counted with the use of a

grid; the first 100 cells were counted in a random

area of the tumour and the second 100 at the

opposite quadrant. During the quantification the

examiner was blinded according to the metastatic

status of the patients. The cells were graded by an

arbitrary scale in which negative cells were registered

as 0, weak positivity as �1, moderate positivity as

�2 and strong positivity as �3.

For the statistical analysis of the immunohisto-

chemical markers the cells with moderate or strong

staining (�2 or �3) were considered positive and

the cells with weak or no staining (�1 or 0) were

considered negative. An illustration of this aspect is

shown in Figure 3.

Figure 1. Cyclin D1 staining of papillary microcarcinoma

(�200).

Figure 2. Galectin-3 staining of papillary microcarcinoma

(�200).

Figure 3. Principles behind the quantification and analysis of

immunohistochemical markers. ‘‘Cyc’’ means Cyclin D1 (nuclear

staining), ‘‘Gal’’ means Galectin-3 (cytoplasmic staining).

Cyclin D1 and galectin-3 in papillary microcarcinomas 453



Statistical analyses were performed by the clinical

data management and analysis system Medlog.

Wilcoxon rank sum test were used for comparison

of continuous variables between two groups. Spear-

man’s rank was used for correlation between vari-

ables and a t-test was used to test the hypothesis, that

the two variables in question are independently

distributed. For analyses of categorical data, the x2

test with correction was used. A p-valueB0.05 was

considered statistically significant. All tests were

two-sided.

Results

The number of patients eligible for the study was

131. Among these 43 had histologically verified

regional or distant metastases (33%) at the time of

primary treatment.

The cyclin D1median percentage of cells accord-

ing to expression category for patients with and

without metastases can be seen from Table I. The

percentage of positive cells (�2 and �3) was

examined for patients with and without metastases.

The median values were 31 (range: 0�59) and 21

percentage (range: 0�75), respectively. This differ-

ence was statistically significant in a Wilcoxon rank

sum test (p�0.02). A graphic illustration showing

the percentage of positive cells in each case for the

groups with and without metastases is presented in

Figure 4. The overall median value of 23% is

indicated by the solid line.

The galectin-3median percentage of cells accord-

ing to category for patients with and without

metastases is shown in Table I. The overall galec-

tin-3 median of positive cells was 86%. The

percentage of positive cells (�2 and �3) was

examined for patients with and without metastases

and a median of 87 (range: 6�96) and 85 (range: 0�
99) percent was found, respectively (Figure 5). This

difference was not significant in a Wilcoxon rank

sum test (p�0.27).

Of 43 patients with metastases 42 (97.7%) had

regional lymph node metastases and only one patient

(2.3%) had distant metastasis (lungs). When the

analyses were repeated omitting the patient with

distant metastasis, only including those with regional

spread, the findings were almost unchanged (Cyclin

D1; p�0.01 and galectin-3; p�0.21).

A correlation test of the overall series (n�131)

based on the percentage of positive cells was

performed and no significant correlation between

the two markers in question was found (Spearman’s

rho�0.12 and p�0.17).

A total of 22 patients with PMC were excluded

from the study because it was not possible to retrieve

the specimens (15 patients) or because no tumour

tissue was left in the paraffin block (7 patients). To

investigate if these patients were comparable to the

study group some key-variables were analysed. The

median tumour size was 3.5 mm (range: 1�10);

median age at diagnosis was 46.3 years (range: 32.1�
78.7), male/female ratio was 1/10 and the percentage

of patients with metastases was 13.6%. By compar-

ison to the patients included for the study no

significant differences were found.

Discussion

The purpose of the actual study was to evaluate if the

immunohistochemical markers cyclin D1 or galec-

tin-3 might be indicators of metastatic disease at the

time of diagnosis and perhaps be a tool of guidance

Table I. Selected characteristics according to the presence of metastases for 131 patients with papillary microcarcinoma. Neck dissection

includes all types also isolated level VI procedures.

�metatsasis (n�43) �metastasis (n�88) Significance

Median age at diagnosis 41 YRS 45 YRS p�0.19

Male sex 51% 15% pB0.01

Median tumour size 7 mm 5 mm P�0.86

Total or near total thyroidectomy 98% 52% pB0.01

Neck dissection (all types included) 84% 5% pB0.01
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Figure 4. Percentage of Cyclin D1 positive cells (�2 and �3) in

each case of 131 papillary microcarcinomas combined with the

median for the whole group, the metastatic (43 patients) and the

non metastatic ones (88 patients).
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in the planning of treatment. It has neither been the

aim to correlate the expression to later recurrences

nor survival. Therefore, no time factors are included

in the analyses.

The treatment of thyroid cancer in Denmark is

centralized in five university centres for Head and

Neck Oncology and one department of general

surgery. These six centres are responsible for registra-

tion in the national thyroid cancer database

DATHYRCA, which is situated in The DAHANCA

(Danish Head and Neck Cancer Group) structure.

During the process of the actual study all pathological

and some clinical records have been reviewed and

corrections made in the database when indicated.

Only patients with histologically proven metas-

tases have been considered an event. In patients

without suspicion no systematic lymph node surgery

has been performed to secure their status, which

might be a weakness since very small metastases

could have been missed. However, all patients have

been subjected to a full diagnostic procedure in most

cases including radiography of chest and ultrasound

examination of the neck.

The basic characterization (Table II) of the

patient material shows significant more males in

the metastatic group. This might be because the

cervical metastases have been the first sign in most

of these patients explaining that the sex-distribution

tends towards a more fifty-fifty distribution nor-

mally observed in thyroid cancer series. In the non-

metastatic group the majority of patients might

have been diagnosed by coincidentally found micro

foci of papillary carcinoma in presumed benign

goitres. Therefore the sex-distribution is in female

favour as seen in most surgically treated benign

series. The observed differences in surgical proce-

dures are natural consequences of the tumour

stage.

Analyses of basic parameters for the 22 patients

with PMC not eligible for the study did not show any

significant differences compared to those included

and the loss is considered without essential influence

on the results.

Since the surgical specimens were prepared at

different pathological departments some differences

in the fixation process may exist. Ideally, all speci-

mens should have been stained simultaneously.

However, this was not possible as the specimens

were retrieved from several departments of pathol-

ogy and received on different dates. Consequently,

to keep up with the project schedule, slides were

stained in more steps. As standardized procedures

and automated staining machines have been em-

ployed the impact of day-to-day variation is esti-

mated to be insignificant.

Difficulty was sometimes experienced in grading

the cells according to the criteria of quantification.

The clearest distinction was observed from �1 to

�2 where �2 cells are distinctly brown. In order to

ensure maximal reproducibility, 0 and �1 was

regarded as negative, and �2 and �3 as positive,

for the analysis. The markers (Cyclin D1 and

galectin-3) were simply chosen because newer lit-

erature indicates that they might contain significant

information concerning the metastatic potential of

papillary thyroid carcinomas and not because of a

presumed biological connection. However, to iden-

tify a possible relation between the two markers a

Table II. Median percentage of cells in the four Cyclin D1 and Galectin-3 expression categories according to the presence of metastases in

131 patients with papillary microcarcinoma. Because median values are used the total sum in each column may not be 100%.

Cyclin D1 Galectin-3

Metastases No metastases Metastases No metastases

Result of quantification Median Range Median Range Median Range Median Range

‘‘0’’ 24 7�91 27.5 4�91 9 3�57 8 1�99

‘‘�1’’ 43 9�69 45.5 9�72 5 0�54 7 0�91

‘‘�2’’ 25 0�50 16.5 0�46 47 4�75 51.5 0�84

‘‘�3’’ 6 0�28 4 0�57 34 0�82 28 0�97
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Figure 5. Percentage of galectin-3 positive cells (�2 and �3) in

each case of 131 papillary microcarcinomas combined with the

median for the whole group, the metastatic (43 patients) and the

non metastatic ones (88 patients).
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correlation test was performed. It showed no corre-

lation.

Several quantification methods are possible in a

study like this. Evaluation of ‘‘hot spots’’ might have

been a possibility. Because of difficulties in defining

and identifying these in very small and relatively

homogenous tumours like PMC this method was not

chosen. In the actual quantification process two

times 100 tumour cells were counted in random

areas and the cells categorized according to grade of

positivity.

Two studies have previously dealt with the subject

of cyclin D1 expression and metastases from PMC

of the thyroid. Khoo et al. [10] examined the

expression in tumours presenting as gross regional

metastases and compared this with the expression in

controls with nonmetastasizing microcarcinoma.

They found that 20 of 22 (90.9%) metastasizing

tumours overexpressed cyclin D1 compared to only

3 of 34 (8.8%) nonmetastasizing tumours. Hence

cyclin D1 was significantly overexpressed in the first

group. Ito et al. [11] did not find any relationship

between metastases from papillary microcarcinoma

and cyclin D1 expression, but found a pattern of

high expression level of cyclin D1 and low expression

level of p27 more frequently in 19 cases with

clinically apparent metastases as opposed to 14 cases

with occult metastasis and 22 patients without

metastasis. The patient materials in the two studies

were not completely comparable since Ito et al.

classified their patients by preoperative ultrasono-

graphy while the cases of Khoo et al. were diagnosed

by intraoperative findings. The classification in our

study was also based on intraoperative findings but

supplemented with the result of histopathological

examination of the specimens. By this procedure

some patients with small not palpable or ultrasono-

graphically visible metastases might be identified.

Therefore, our study might implement a group of

patients not examined by Khoo et al. and classified

as occult metastases in the study by Ito et al.

When we compared the expression of cyclin D1 in

patients with and without metastases a significant

difference was found. Thus, our results indicate a

correlation between the expression of cyclin D1 and

the presence of metastases. However, the level of

expression of the marker varied over a broad range in

both the patients with and without metastases and a

significant overlap was observed. Therefore, the

immediate usefulness as a clinical marker for metas-

tases in PMC is doubtful and further investigation is

needed in order to determine whether cyclin D1

might be a marker for a subgroup of metastases.

Several studies [15�17,19,21,22] have shown that

cytoplasmic expression of galectin-3 is high in

papillary carcinomas and therefore it can be useful

in the diagnosis of this cancer. In the actual study of

PMC the galectin-3 expression was generally high

with a median of 86% positive cells in the tumours,

indicating that the usefulness also applies for this

variant of the papillary carcinoma. Cvejic et al. [23]

examined galectin-3 in tumours from 63 patients

incidentally diagnosed with papillary microcarci-

noma after surgery for benign or autoimmune

causes. The results showed that 51 cases were found

to be positive, and it was proposed that galectin-3 is

not related to tumour aggressiveness since it is

expressed in clinically silent PMC. The findings in

our study support this theory, since no difference in

median expression between tumours with and with-

out metastases was found.

Conclusion

Cyclin D1 showed significantly higher median ex-

pression in patients with metastases, than in those

without indicating a correlation to tumour aggres-

siveness. However large variation in expression in

both groups seems to disqualify the marker as a

discriminator for the detection of metastases. Ga-

lectin-3 was without any significant correlation to the

presence of metastases from PMC.
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