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Cell cycle progression is facilitated by cyclin-
dependent kinases that are activated by cyclins in-
cluding cyclin D1 and inactivated by cyclin-
dependent kinase inhibitors (CDKIs) such as p27.
Our previous studies have demonstrated decreased
p27 expression in both papillary and more aggres-
sive carcinomas of the thyroid compared to thyroid
adenoma and almost similar level of cyclin D1 ex-
pression between thyroid adenoma and papillary
carcinoma. These results indicate that CDKIs may
have an important role in the carcinogenesis of the
thyroid and that they probably have a limited role
in malignant progression of the thyroid cancer. The
role of cyclin D1 in malignant progression of thy-
roid carcinoma has yet to be established. We studied
the expression of cyclin D1 by immunohistochem-
istry in 34 cases of conventional papillary carci-
noma (CPC), 10 cases of minimally invasive follicu-
lar carcinoma (MIFC), and 32 cases of more
aggressive thyroid carcinoma (ATC), which included
11 tall cell variants, one columnar cell variant of
papillary carcinoma, seven insular carcinomas, and
13 anaplastic carcinomas. Cyclin D1 staining was
classified by staining score as 0, negative; 11, less
than 25%; 21, 25 to 50%; and 31, more than 50%
tumor cells staining positive. Kruskal-Wallis one-
way ANOVA and Wilcoxon Rank Sum/Mann-
Whitney U Test was used to assess the difference in
the expression of cyclin D1 between the study
groups. Twenty-eight out of the 34 CPCs were cyclin
D1 positive, 24 (70%) were 11, 3 (9%) were 21, and
one (3%) were 31 positive. Seven of 10 MIFCs were
cyclin D1 positive, five (71%) were 11, and the re-
maining two (29%) were 21 positive. On the other

hand, 28 of 32 ATCs showed cyclin D1 immuno-
staining. Of these, three (9%) were 11, five (13%)
were 21, and 20 (63%) were 31 positive. This study
demonstrates a significant overexpression of cyclin
D1 in ATC compared CPC (P < .001) and MIFC (P <
.005), suggesting that the cyclin D1 expression may
play a role in tumor progression and may have
prognostic significance in thyroid cancer.
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The loss of regulatory control of the cell cycle, lead-
ing to unrestrained cell proliferation, is a hallmark
of cancer. Cyclins, the regulatory subunits of cyclin-
dependent kinases (CDKs), control the passage of
proliferating cells through key checkpoints in the
cell cycle (1–3, for review). The deregulation of cy-
clin expression results in the loss of control of nor-
mal growth. The linkage between oncogenesis and
cyclins was made with the discovery of two cyclins
in tumors. Cyclin A gene was found to be the inte-
gration site of a fragment of the hepatitis B virus
genome in hepatocellular carcinoma (4). In para-
thyroid adenomas, the PRAD1 (cyclin D) gene is
overexpressed as a result of a pericentrimeric inver-
sion of chromosome 14, which places the PRAD1
gene under control of the parathyroid hormone
promoter gene (5–7). PRAD1 is also activated by
t(11, 14) translocation in mantle cell lymphoma due
to the placement of cyclin D1 gene next to an im-
munoglobulin heavy chain enhancer gene (8).
Overexpression of the cyclin D1 gene has been
shown in some breast carcinomas, hepatocellular
carcinomas, esophageal carcinomas, head and
neck squamous cell carcinomas, and thyroid carci-
nomas (9 –19). Other cyclins have also been impli-
cated in tumorigenesis. Cyclin D2 and E are over-
expressed in colorectal carcinomas (20). Cyclin E
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has been found to be overexpressed in breast car-
cinomas and may be associated with more ad-
vanced stages of breast cancer (21). The overexpres-
sion of positive growth regulators may overwhelm
the arrest mechanism of the normal cell cycle and
lead to uncontrolled cell proliferation (1).

However, the overexpression of positive growth
regulators may not be the only mechanism by
which cell proliferation is stimulated. Alternatively,
the underexpression of negative growth regulators,
such as the cyclin-dependent kinase inhibitors
(CDKIs), can have the same effect on the cell cycle.
p27 negatively controls the cell transition from qui-
escence to proliferation by inhibiting the cyclin-
CDK complexes (1). Our previous studies have
demonstrated a decreased p27 expression in both
papillary and more aggressive carcinomas of the
thyroid compared to their benign counterparts (22–
24). We also demonstrated a similar level of cyclin
D1 expression in papillary carcinoma and follicular
adenoma (24). The results of these studies indicate
that cyclin-dependent kinase inhibitors may have a
more important role than cyclins in thyroid carci-
nogenesis and that they probably play a limited role
in the malignant progression of thyroid cancer. Al-
though some studies (16 –17) have shown cyclin D1
overexpression in thyroid carcinoma compared to
benign lesions, its role in the malignant progression
of thyroid cancer is yet to be established. We hy-
pothesize that although the underexpression of p27
is important for the malignant transformation of
the thyroid, the overexpression of cyclins, such as
cyclin D1, may lead to progression and de-
differentiation of thyroid carcinoma. The aim of
this study is to determine if differences in cyclin D1
immunostaining can aid in the differentiation of
indolent from more aggressive thyroid carcinomas
(ATCs). Furthermore, such immunostaining may
suggest possible mechanisms for thyroid malignant
progression.

MATERIALS AND METHODS

Tissue Specimens Studied
Thirty-four cases of conventional papillary carci-

noma (CPC), 10 cases of minimally invasive (encap-
sulated) follicular carcinoma, and 32 cases of more
aggressive carcinoma of the thyroid (including 11
tall cell variants and one columnar cell variant of
papillary carcinoma, seven insular carcinomas, and
13 anaplastic carcinomas) were selected from the
surgical pathology files of UMass Memorial (Uni-
versity campus) Medical Center, Worcester, Massa-
chusetts (diagnosed between 1992 and 1997), and
Mayo Clinic, Rochester, Minnesota (diagnosed be-
tween 1960 and 1993). All the cases were reviewed
by at least two pathologists to confirm the diag-

noses. The diagnosis of CPC, MIFC, and more ag-
gressive carcinoma was based on established histo-
logic criteria (25). All 10 MIFCs were encapsulated
tumors with nine showing focal transcapsular inva-
sion and one showing a focus of vascular invasion.
Paraffin blocks were selected for immunohisto-
chemistry to include both the tumor and the rim of
normal thyroid tissue around it, the latter to serve
as a control. Normal thyroid tissue was seen in all
76 cases.

Immunohistochemistry
All thyroid resection specimens in this study were

fixed in 10% buffered formalin and paraffin embed-
ded by routinely processing through a VIP Tissue
Tek processor (Miles Scientific, Naperville, IL). Sec-
tions were cut at a thickness of 4 mm, heated at
60° C for 30 min, then deparaffinized and hydrated
through a series of xylene and alcohol baths before
staining. The slides were microwaved with a pro-
prietary antigen retrieval solution (citrate buffer)
(BioTek Solutions, Santa Barbara, CA) for 5 min in
an 800 watt microwave oven. After replenishment
of this solution, the slides were microwaved again
for an additional 5 min and then allowed to cool for
20 min. Immunohistochemical staining was per-
formed with monoclonal anti-cyclin D1 antibody
(Novocastra/Vector, Burlingame, CA), at dilution of
1:20, using a standard avidin/biotin complex (ABC)
method as implemented on a Techmate 1000
(BioTek) automated immunostainer. The staining
procedure consisted of a 45-min incubation in the
primary antibody, followed by brief buffer washes,
and then incubation in a cocktail of biotinylated
anti-mouse IgG/IgM (BioTek) for 30 min. The slides
were then washed, incubated in avidin/biotin com-
plex (BioTek) for 30 min, washed, and then reacted
with diaminobenzidine and hydrogen peroxide to
visualize the end product. The sections were coun-
terstained with hematoxylin. A breast cancer
known to express cyclin D1 served as positive con-
trol for cyclin D1. For negative control, nonimmune
serum was substituted for primary antibody.

Evaluation of Immunostaining
Immunostained sections were evaluated by esti-

mating the percentage of tumor cells stained with
monoclonal anti-cyclin D1 antibody without
knowledge of the pathological diagnosis. Only a
distinct brown nuclear staining of tumor cells was
considered as positive. The nuclear staining in the
normal thyroid tissue surrounding the tumor was
used as an internal negative control for cyclin D1.
The sections were examined on a Olympus micro-
scope using an eyepiece graticule (Olympus, Tokyo,
Japan) to facilitate cell counting. The sections were
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examined first under low magnification (503 and
1003) to see the overall staining pattern and later at
a higher magnification (4003), at which a mini-
mum of 1000 cells were counted using the eyepiece
graticule. The percentage of positive cells was then
calculated and positive staining scored as: 11 5
less than 10%, 21 5 11 to 50% and 31 5 more than
50% tumor cells stained positive.

Data Analysis
In order to establish a difference in cyclin D1

expression among MIFC, CPC, and the more ATCs,
Kruskal-Wallis one-way ANOVA was used. Follow-
ing determination of significance, pair-wise com-
parisons were performed using the Wilcoxon Rank
Sum/Mann-Whitney U Test (26). Statistical signifi-
cance was defined at the level of P , .05 (two-
tailed), divided evenly among multiple compari-
sons.

RESULTS

The normal thyroid tissue in all 76 cases was
negative for cyclin D1. The number of cases positive
for cyclin D1 along with the score of nuclear stain-
ing is summarized in Table 1. Twenty-eight out of
34 CPCs were cyclin D1 positive, 24 (70%) were 11
(Fig. 1A), 3 (9%) were 21, and one (3%) was 31
positive. Of the 10 minimally MIFCs, seven were
cyclin D1 positive. Of these, five (71%) were 11, and
the remaining two (29%) were 21 positive. On the
other hand, 28 out of 32 more ATCs showed cyclin
D1 immunostaining. Of these, three (9%) were 11,
five (13%) were 21, and 20 (63%) were 31 positive.
The degree of cyclin D1 expression was significantly
higher in histologically more aggressive carcinomas
compared to both conventional papillary thyroid
carcinomas (P , .001) and MIFCs (P , .005). There
was no significant difference in cyclin D1 expres-
sion between MIFCs and CPCs (P 5 .8). Tall cell/
columnar cell variants of papillary carcinoma

(TCV/CCV) showed 31 expression of cyclin D1 in 8
of 12 (66%) cases (Fig. 1B) and the remaining four
cases showed 21, 11 positive, and negative expres-
sion of cyclin D1 in 2, 1, and 1 case, respectively.
Insular carcinoma demonstrated 31 expression of
cyclin D1 in four of seven (57%) cases (Fig. 1C), the
remaining three cases showed 21 staining in 2, and
11 staining in one case. Anaplastic carcinoma
demonstrated 31 cyclin D1 staining in 8 of 13 (62%)
cases (Fig. 1D), one case each was 21 and 11
positive, and the remaining three cases were cyclin
D1 negative. It was interesting to note that the giant
cell nuclei of anaplastic carcinoma, giant cell type,
demonstrated stronger cyclin D1 staining com-
pared to the nuclei of the surrounding mononu-
clear tumor cells, indicating that the overexpression
of cyclin D1 may be related to the formation of the
tumor giant cells in anaplastic carcinoma.

DISCUSSION

Malignant transformation as a result of uncon-
trolled cell proliferation may result from the dereg-
ulation of cyclins and/or CDKIs. Increased expres-
sion of the cell cycle up-regulators such as cyclins
or reduced expression of the cell cycle down-
regulators such as CDKIs may contribute to tumor
formation (1–3). Our previous studies have sug-
gested that reduced expression of p27, plays a more
important role than cyclin D1 in thyroid carcino-
genesis; however, p27 may have a limited role in
malignant progression of thyroid cancer (22–24). To
determine whether cyclin D1 overexpression was
involved in thyroid malignant progression, we ex-
amined 34 cases of CPC of the thyroid, 10 cases of
MIFC, and 32 cases of more aggressive carcinomas
of the thyroid using immunohistochemistry. Our
study demonstrates a significant overexpression of
cyclin D1 in more aggressive carcinomas compared
to the CPC and the minimally invasive (encapsulat-
ed) follicular carcinoma of the thyroid, suggesting
that the cyclin D1 expression may play a role in
tumor progression and may have prognostic signif-
icance.

The CPC and minimally invasive (encapsulated)
follicular carcinoma are both well-differentiated
thyroid carcinoma with indolent behavior and ex-
cellent prognosis (25). Tall cell and columnar cell
variants of papillary carcinoma tend to occur in
older patients and are often larger tumors with an
increased incidence of vascular invasion and fre-
quent extrathyroidal extension (27, 28). Insular car-
cinoma is a poorly differentiated carcinoma with an
intermediate morphology and clinical behavior be-
tween the differentiated (papillary) carcinoma of
the thyroid and anaplastic carcinoma (29, 30). Ana-
plastic (undifferentiated) carcinoma of the thyroid

TABLE 1. Expression of Cyclin D1 in Indolent and More

Aggressive Thyroid Carcinomas

Diagnosis
Staining Score

n 0 1 2 3

Conventional PC 34 6 24 3 1
Minimally invasive FC 10 3 5 2 0
TCV/CCV of PC 12 1 1 2 8
Insular carcinoma 7 0 1 2 4
Anaplastic carcinoma 13 3 1 1 8

PC, Papillary carcinoma; FC, Follicular carcinoma; TCV, Tall cell vari-
ant; CCV, Columnar cell variant.

P , .001, which assessed the difference of cyclin D1 expression be-
tween conventional PC and more aggressive (TCV/CCV PC, insular and
anaplastic) carcinomas of the thyroid.

P , .005, which assessed the difference of cyclin D1 expression be-
tween minimally invasive FC and more aggressive (TCV/CCV PC, insular
and anaplastic) carcinomas of the thyroid.
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often presents with fast-growing neck mass and is a
highly malignant tumor. Most ATCs including insu-
lar and anaplastic carcinoma are thought to have
arisen from a preexisting, well-differentiated papil-
lary or follicular carcinoma (25). Several oncogenes
or tumor suppressor genes have been shown to
contribute to the malignant progression and de-
differentiation of thyroid cancer (31–35). The ex-
pression of bcl-2 has been observed in differenti-
ated and poorly differentiated thyroid carcinoma
and to a lesser degree in anaplastic carcinoma (31,
32); p53 expression on the other hand is seen more
often in poorly differentiated and anaplastic car-
cinoma compared to differentiated thyroid carci-
noma (33–35). Mutation of the p53 gene has been
found in a high percentage of anaplastic carcino-
mas. This mutation is not present in the residual
differentiated papillary carcinoma component sug-
gesting that p53 mutation occurred after the devel-
opment of the papillary carcinoma and plays a key
role in the malignant progression of the tumor (33–
35). The overexpression of cyclin D1 may contrib-
ute to cell proliferation and to subsequent muta-
tions of the tumor suppressor gene, p53, by
facilitating the quiescent cells entering to and pass-
ing through the cell cycle.

Cyclin D1 forms a multimer complex with cyclin-
dependent kinase (CDK), which facilitate transition

through the restriction point of cell cycle by inac-
tivation of the retinoblastoma tumor-suppresser
protein (pRb) as a result of its hyperphosphoryla-
tion by CDK. Hyperphosphorylation of pRb leads to
the release of E2F transcription factors and other
proteins from their complexes with pRb, which ac-
tivates genes coding for positive regulators of cell
proliferation (1–3). Constitutive overexpression of
cyclin D1 caused by chromosomal abnormalities is
seen in neoplasms involving parathyroid gland,
lymph node, and liver (4 – 8). However, in a subset
of breast carcinoma cyclin D1 protein overexpres-
sion has been seen in the absence of amplification
of the cyclin D1 gene, suggesting that gene ampli-
fication is not the only mechanism that results in
increased protein expression (36). Overexpression
of cyclins may also be due to increased RNA/pro-
tein stability, and due to the increased sensitivity of
tumor cell to external stimulating signals such as
hormones (37, 38).

Our recent studies indicate a positive correlation
between the expression of eukaryotic translation
initiation factors 4E and 2a (eIF-4E and eIF-2a) in
thyroid cancer progression (39). We and others
have found earlier that overexpression of eIF-4E
causes increased expression of cyclin D1 in NIH T3
cells and in colonic neoplasms (40 – 42). Increased
expression of eukaryotic translation initiation fac-

FIGURE 1. Cyclin D1 immunostaining showing 11 staining in conventional papillary carcinoma (A), 31 staining each in tall cell variant of
papillary carcinoma (B), insular carcinoma (C), and anaplastic carcinoma of the thyroid (D). The residual normal thyroid (arrow) and stromal
lymphocytes (D) are cyclin D1 negative (immunoperoxidase stain, original magnification, 2003).
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tors eIF-4E and eIF-2a induced by c-myc and other
oncogenes has been described previously (43, 44).
Further studies are needed to determine the onco-
genes that cause an increase in cyclin D1 expres-
sion through the translation initiation pathway in
more aggressive carcinomas of the thyroid.

In summary, there is a significant overexpression
of cyclin D1 in more ATCs compared to the CPC
and MIFC of the thyroid, suggesting that cyclin D1
expression may play a role in tumor progression
and may have prognostic significance.
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Book Review

McKenzie JC, Klein RM: Basic Concepts in Cell
Biology and Histology: A Student’s Sur-
vival Guide, 427 pp, New York, McGraw-
Hill, 2000 ($29.50).

Basic Concepts in Cell Biology and Histology: A
Student’s Survival Guide provides a review of
information typically presented in the first year
of medical school. Part I of this book covers cell
biology and biochemistry (e.g., intracellular
signaling). Part II presents an overview of basic
histology and tissue function. The authors are
respected medical educators, who clearly un-
derstand the material and the needs of medical
students. They have succeeded in organizing
and integrating a tremendous amount of infor-
mation that is traditionally taught in separate
courses (biochemistry, cell biology, immunol-
ogy, histology, and physiology). The text is
well-written, organized, succinct, easy to read,
and up-to-date. Complex concepts are pre-
sented in a style that makes learning fun. Each
chapter contains major topics and short dis-
cussions. Key facts and vocabulary are conve-
niently displayed in boxes. This is very helpful,
because if the reader knows this key point,

he/she can skip the discussion and move on to
the next topic. The text is supplemented with
beautiful continuous tone graphics and black
and white line drawings. Clinical correlations
are provided to link basic science material to
applications in medicine. The authors also
have provided flowcharts that students can use
for identifying specific tissues in the major or-
gan systems. Branch points in these flowcharts
pertain to decisions as to whether an organ has
a lumen or what type of epithelium is present.
In summary, Basic Concepts in Cell Biology and
Histology: A Student’s Survival Guide is filled
with must-know, medically relevant informa-
tion. It provides a helpful bridge between the
basic science disciplines. Medical students will
find this book a helpful resource (survival
guide) for class study and USMLE review. The
authors have succeeded, and I highly recom-
mend this book.

Bruce A. Fenderson
Jefferson Medical College, Thomas Jefferson

University
Philadelphia, Pennsylvania
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