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Pro tein prod ucts of cyclin D1 and ret i no blas toma

(Rb) genes play cru cial roles in reg u la tion of G1/S tran si -

tion in the cell cy cle. In this study we an a lyzed, us ing

immunohistochemical meth ods, the ex pres sion of cyclin

D1 and Rb pro teins in ma te rial from med i cal ar chives

(12 cases of follicular thy roid car ci noma, 57 cases of

follicular adenoma and 17 nod u lar goi ter cases). A pos i -

tive nu clear re ac tion for cyclin D1 was ob served in

83.3% (10/12) of the follicular car ci no mas, in 96.5%

(55/57) of the follicular adenomas and in 23.5% (4/17) of

nod u lar goi ters. Overexpression of cyclin D1 (more than 

50% of pos i tively stain ing cells) was noted in 25% (3/12)

of the follicular car ci no mas and in 22.8% (13/57) of the

follicular adenomas. No overexpression of cyclin D1 was

noted among nod u lar goi ters. The num ber of car ci noma

cases with cyclin D1 overexpression did not dif fer sta tis -

ti cally in any sig nif i cant way from the follicular

adenoma group (p=1.000). A pos i tive nu clear re ac tion

for Rb pro tein was noted in 100% of the follicular car ci -

no mas (12/12), in 96.5% of the follicular adenomas

(55/57) and in 47.1% of the cases (8/17) of nod u lar goi -

ter. Rb pro tein overexpression (more than 50% of pos i -

tively stain ing cells) was found in 83.3% (10/12) of the

follicular car ci no mas, in 68.4% (39/57) of the follicular

adenomas and in 11.8% (2/17) of the nod u lar goi ters.

The num ber of cases with Rb pro tein overexpression in

the follicular car ci noma group did not dif fer sig nif i -

cantly from that in the follicular adenoma group

(p=0.486). A pos i tive cor re la tion was found in the

groups stud ied be tween the ex pres sions of Rb pro tein

and cyclin D1. How ever, the cor re la tion was sta tis ti cally

sig nif i cant only in the nod u lar goi ter group (Rs=0.567;

p=0.018). In the follicular car ci noma group, that cor re -

la tion was bor der line (Rp=0.437; p=0.072) and, in the

follicular adenoma group, it was sta tis ti cally in sig nif i -

cant (Rs=0.217; p=0.105). Our re sults con firm the ex is -

tence of mu tual reg u la tion mech a nisms of Rb and cyclin

D1 pro tein ex pres sions, which are ob served in cells from

var i ous car ci no mas.

In tro duc tion 

Re cent stud ies sug gest that cancerogenesis is in sep a -

ra bly linked with dis tur bances of the cell cy cle pro cess. Cell

com mit ment to di vi sion usu ally oc curs at the end of G1 cy -

cle phase, at the, so-called, G1/S check point [7, 16, 23, 34,

36, 39, 52, 57]. Cell tran si tion through G1/S check point is

reg u lated by sev eral pro teins in clud ing serine-threonine

pro tein kin ases (cdk2, cdk4, cdk6) [23, 40, 41] and cyclins

D and E [22, 42, 43]. Also in volved are prod ucts of some

sup pres sor genes, such as Rb [18, 50, 52, 55], p16INK4A

[11, 15, 29, 45, 51] and p53 [7, 9, 49]. 
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The Rb gene is lo cated in chro mo somal re gion 13q14 and

com prises 27 exons. This gene en codes nu clear phospho -

protein (pRb) of 105–110 kDa, which has sup pres sor ac tiv ity

[18]. In side the cell, Rb pro tein is hypophosphorylated dur ing

G0 phase and early G1 phase of the cy cle, while in late G1

phase and dur ing S, G2 and M phases, it be comes hyper -

phosphorylated. Dephosphorylation of Rb pro tein starts at the

end of mi to sis (anaphase) [18, 23, 50, 52, 55]. 

Mo lec u lar mech a nisms, by which Rb pro tein reg u -

lates cell pro lif er a tion by in flu enc ing the G1/S phase of the

cell cy cle, in volve bind ing of an unphosphorylated form of

Rb pro tein to a tran scrip tion fac tor from the E2F fam ily;

then, grad ual phosphorylation of Rb pro tein pro ceeds at

first, fol low ing the for ma tion of a com plex, in volv ing cyclin 

D1 and ei ther cdk4 or cdk 6 kinase and then, in late G1

phase of the cy cle, a com plex formed by cyclin E and cdk2

kinase. The phosphorylated Rb pro tein re leases the E2F

tran scrip tion fac tor, which ac ti vates the tran scrip tion of sev -

eral genes, in clud ing cyclin E gene and E2F gene it self

(self-reg u la tion), re spon si ble for G1/S tran si tion in the cell

cy cle. It also ac ti vates the tran scrip tion of genes ini ti at ing

DNA syn the sis [4, 16, 23, 36, 39, 40, 50, 52].

The sec ond im por tant role of Rb pro tein is the reg u la -

tion of the level of RNA polymerases (I, II, III) in side cells,

which al lows con trol ling of tran scrip tion and trans la tion

pro cesses [50, 56]. Cur rently, it is as sumed that Rb pro tein

plays a sub stan tial role in the pro cess of cell dif fer en ti a tion

[52, 58]. 

In ac ti va tion of the sup pres sor func tion of Rb gene prod -

uct fol lows de le tion, point mu ta tion or vi ral oncopro tein at -

tach ment, in clud ing large an ti gen T of SV40 vi rus, hu man

E1A ad eno vi rus es and papilloma E7 vi ruses. Bi o log i cal con -

se quences of this fact in clude de reg u la tion of cell cy cle, which 

may lead to un con trolled pro lif er a tion [3, 18, 35, 55]. 

Cyclin D1 is a pro tein, en coded by CCND1/PRAD1

gene, lo cated in chro mo somal re gion 11q13 [22, 30, 42].

In mam ma lian cells, cyclin D1 and cyclin E be long to the

G1 phase fam ily of cyclins. The main role of D1 cyclin as

a reg u la tor sub unit is to ac ti vate cdk4 and cdk6

serine-threonine pro tein kin ases. There ex ists also a func -

tional link in the G1 phase of cell cy cle be tween cyclin D1

and Rb pro tein, as well as p21WAF1 and P53 pro teins [1,

5-8, 40, 42, 43, 50]. The overexpression of cyclin D1 ac -

com pa ny ing var i ous neoplasms, most of ten as a re sult of

gene am pli fi ca tion or translocation, dis turbs the above re -

la tions [12, 22, 30].  

In this study we an a lyzed the ex pres sions of cyclin D1

and Rb pro tein in car ci noma, three types of follicular adeno ma 

and in nod u lar goi ter, us ing immunohistochemical me th ods.

Re la tion ships were also as sessed be tween the ex pre s sions of

cyclin D1 and Rb pro tein. 

Ma te rial and Meth ods 

Ma te rial

Par af fin-em bed ded ar chi val tis sues of 12 cases of

follicular thy roid car ci noma, 57 cases of follicular thy roid

adenoma and 17 cases of nod u lar goi ter were stud ied. All the

sec tions were ex am ined by two pa thol o gists (J.S. and S.S.),

us ing a con fer ence mi cro scope and were histopathologically

clas si fied, as sug gested by the WHO Com mit tee [19, 20]. 

Immunohistochemical screen ing

Rep re sen ta tive par af fin blocks, con tain ing tu mor ma -

te rial from each case were sec tioned at 4 µm, af fixed to

silanized slides and dried over night at 56.7°C. An ti gen re -

trieval for Rb1 was per formed us ing ci trate buffer (0.01 M,

pH 6.0) and, for cyclin D1, EDTA buffer (0.001 M, pH 8.0)

in a stan dard mi cro wave unit. The sec tions for immuno -

histochemistry were stained us ing the avidin-bi o tin (ABC)

method, ac cord ing to Hsu et al. [26]. Deparaffinized sec -

tions were treated with 3% hy dro gen per ox ide (H2O2) in

meth a nol for 5min to block the en dog e nous peroxidase ac -

tiv ity. The non-spe cific an ti body bind ing was re duced by

in cu ba tion of the sec tions with nor mal goat se rum for

20 min. The slides were in cu bated with a 1:50 di lu tion of

a pri mary mouse monoclonal anti-Rb1 an ti body (clone

84-B3-1, Novocastra, UK) and a 1:50 di lu tion of a pri mary

mouse monoclonal anti-cyclin D1 an ti body (clone

P2D11F11, Novocastra, UK). In the neg a tive con trol re ac -

tion, the pri mary an ti body was omit ted. The re ac tion prod -

ucts were dem on strated, us ing the Novostain Super ABC kit 

(NCL/ABCm) from Novocastra. 3,3’-diaminobenzidine

(DAB) (Sigma, USA) was used as a chromogen and the sec -

tions were counter stained with Mayer’s hematoxylin, de hy -

drated and mounted. The par af fin-em bed ded sec tions from

ductal breast car ci noma were used as a pos i tive con trol. The

immunohistochemical stain ing of the cells was es ti mated by 

means of the semiquantitative method, us ing Hogg’s net.

The re sults were ex pressed as a per cent age of pos i tive cells

per 1000 follicular thy roid cells, counted in 10 mi cro scopic

fields (high mag ni fi ca tion of ob jec tive lens, 40x). Spe cific

stain ing for each pro tein was cat e go rized as ei ther pos i tive

or neg a tive, based on the pres ence of brown-col ored stain -

ing. Only the cells with the ev i dence of nu clear stain ing

were con sid ered pos i tive; cy to plas mic stain ing was dis re -

garded. Us ing the cri te ria pro posed by Kyomoto et al. [31],

the rel a tive num ber of immunoreactive cells was graded as

fol lows: (-) – less than 10% of tu mor cells stained pos i -

tively; (+) – 10-50% of tu mor cells stained pos i tively; (++) – 

>50% of tu mor cells stained pos i tively. The le sions scored

as (++) were con sid ered as those with high ex pres sion

(overexpression) of Rb and cyclin D1 pro teins. 
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Sta tis ti cal pro ce dure

All the pa ram e ters, rep re sented as means, were com pared

us ing Mann-Whit ney’s test, where p<0.05 was con sid ered

sig nif i cant. As so ci a tions be tween cat e gor i cal vari ables and

cyclin D1 or Rb ex pres sion were as sessed us ing Fisher’s ex act 

test. The re la tion ship (Spearman’s cor re la tions, Rs) be tween

Rb and cyclin D1 ex pres sion lev els were an a lyzed.

Re sults 

Rb pro tein

The av er age per cent age of cells pos i tively stained for Rb

pro tein was 68.9% (SD=19.6) in the group of follicular car ci -

no mas, 58.8% (SD=23.2) in the group of follicular adenomas

and 20.2% (SD=21.6) in the nod u lar goi ter group. Within the

follicular adenoma group, the per cent age of cells stained pos i -

tively for Rb pro tein was 62.9% (SD=23.8) for microfollicular 

adenomas, 57.1% (SD=19.2) for normo- and macrofollicular

adenomas and 46.5% (SD=26.7) for adenomas de rived from

oxyphilic cells (Ta ble 1). A com par i son of the av er age per -

cent age val ues for Rb pro tein-pos i tive cells in follicular car ci -

no mas and adenomas did not re veal any sig nif i cant dif fer ence

(p=0.241). No sig nif i cant dif fer ence was ob served be tween

av er age per cent age val ues for Rb pro tein-pos i tive cells in par -

tic u lar types of follicular adenomas. The noted av er age per -

cent age val ues of cells, pos i tively stained for Rb pro tein in the

group of follicular car ci no mas and adenomas, were sig nif i -

cantly higher than those in the nod u lar goi ter group (p=0.0001 

and p=0.0001, re spec tively). 

A pos i tive nu clear re ac tion for Rb pro tein was noted in 

100% of the follicular car ci no mas (12/12) (Fig. 1), in 96.5% 

(55/57) of the follicular adenomas and in 47.1% (8/17) of

the nod u lar goi ters. In the follicular adenoma group pos i tive 
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TABLE 1
The av er age per cent of Rb pro tein-pos i tive cells in the study groups

Group N          M            SD         Min.          Max.

        Follicular carcinoma 12         68.9         19.6        33.8           97.2

        Follicular adenoma  including:

        –  microfollicular

        –  normo- and macrofollicular 

        –  from oxyphilic (Hürthle) cells 

57

31

18

8

        58.8         23.2          2.1           94.7

        62.9         23.8          2.1           94.7

        57.1         19.2          12.3         87.6

           46.5         26.7          12.5         79.3   

        Nodular goiter 17         20.2         21.6           2.3          78.2

N - num ber of cases; M - arith me tic mean; SD - stan dard de vi a tion; Min. - min i mum value;  Max. - max i mum value.

TABLE 2
The num ber of Rb pro tein-pos i tive and neg a tive cases in the study groups

Group N
   n (%)

           ++                    +                       -

      Follicular carcinoma 12        10 (83.3)           2 (16.7)           0 (0.0)

      Follicular adenoma including:

      –  microfollicular 

      –  normo- and macrofollicular 

      –  from oxyphilic (Hürthle) cells 

57

31

18

8

       39 (68.4)           16 (28.1)         2 (3.5)

        24 (77.4)            5 (16.1)         2 (6.5)

        12 (66.7)            6 (33.3)         0 (0.0)

            3 (37.5)            5 (62.5)         0 (0.0) 

      Nodular goiter 17               2 (11.8)             6 (35.3)       9 (52.9)  

(++) - >50%;  (+) - 10-50%; (-) - <10% of pos i tive cells; N – num ber of the cases stud ied; n (%) - num ber (per cent) of pos i tive or neg a tive cases.

Fig. 1. Ex pres sion of Rb pro tein in follicular car ci noma.



re ac tion for Rb pro tein was ob served in 93.5% (29/31) of

micro follicular adenomas, in 100% (18/18) of normo- and

macro follicular adenomas and in 100% (8/8) of adenomas

de rived from oxyphilic cells. No sig nif i cant dif fer ences

were noted in the num ber of cases pos i tive for Rb pro tein

com par ing par tic u lar types of follicular adenomas. The

num ber of Rb pro tein-pos i tive cases in the follicular car ci -

noma group did not dif fer sig nif i cantly from the follicular

adenoma group (p=1.000). The num ber of Rb-pos i tive

cases, ob served in ei ther the follicular adenoma or the car ci -

noma group, was sta tis ti cally sig nif i cantly higher, com -

pared to re spec tive val ues in the nod u lar goi ter group

(p=0.003 and p=0.0001, re spec tively). 

Overexpression of Rb pro tein was noted in 83.3% (10/12) 

of follicular car ci no mas, in 68.4% (39/57) of follicular

adenomas and in 11.8% (2/17) of nod u lar goi ters (Ta ble 2).

The num ber of cases with Rb pro tein overexpression in the

group of follicular car ci no mas did not dif fer sig nif i cantly

from that in the follicular adenoma group (p=0.486). The

num ber of cases with Rb pro tein overexpression was sta tis ti -

cally higher in the follicular car ci noma and adenoma groups,

com pared to the val ues in the nod u lar goi ter group (p=0.0001

and p=0.0001, re spec tively). 

Cyclin D1

The av er age per cent age of cells stained pos i tively for

cyclin D1 was 34.9% (SD=23.4) in the follicular car ci noma

group, 34.3% (SD=16.5) in the follicular adenoma group and

6.3% (SD=8.4) in the nod u lar goi ter group. Within the folli -

cular adenoma group, the per cent age of cells pos i tive for

cyclin D1 was 39.1% (SD=17.0) for microfollicular adeno -

mas, 29.6% (SD=11.9) for normo- and macrofollicular adeno -

mas and 26.2% (SD=19.0) for adenomas de rived from

oxy philic cells (Ta ble 3). 

A com par i son of the av er age per cent age val ues of

cells stained pos i tively for cyclin D1 in the follicular car ci -

noma and adenoma groups did not re veal any sig nif i cant

dif fer ences (p=0.918). Within the follicular adenoma group

the av er age val ues of the per cent age of cyclin D1-pos i tive

cells were sig nif i cantly higher for microfollicular adenomas 

than for normo- and macrofollicular adenomas (p=0.029).

The av er age val ues of the per cent age of cells stained pos i -

tively for cyclin D1 ob served in the follicular car ci noma and 

adenoma groups were sta tis ti cally higher than in the nod u lar 

goi ter group (p=0.0001 and p=0.0001, re spec tively). 

A pos i tive nu clear stain ing for cyclin D1 was noted in

83.3% (10/12) of the follicular car ci no mas and in 96.55

(55/57) of the follicular adenomas, and in 23.5% (4/17) of

the nod u lar goi ters. Within the follicular adenoma group

a positive re ac tion for cyclin D1 was seen in 93.6% (29/31)

of microfollicular adenomas, in 100% (18/18) of normo-

and macrofollicular adenomas and in 100% (8/8) of

adenomas de rived from oxyphilic cells. No sta tis ti cal dif fer -

ence was noted in the num ber of cyclin D1-pos i tive cases,

when par tic u lar types of follicular adenoma were com pared. 

The num ber of cyclin D1-pos i tive cases, noted ei ther in the

follicular car ci noma or adenoma group, was sig nif i cantly

higher com pared to the nod u lar goi ter group (p=0.003 and

p=0.0001, re spec tively). 

An overexpression of cyclin D1 was ob served in 25%

(3/12) of follicular car ci no mas and in 22.8% (13/57) of

follicular adenomas. In cells of nod u lar goi ter no over -

expression of cyclin D1 was ob served (Ta ble 4). The num -

ber of cases with cyclin D1 overexpression in the group of

follicular car ci no mas did not dif fer sta tis ti cally from that in

follicular adenomas (p=1.000). The num ber of cases with

cyclin D1 overexpression in the group of follicular adeno -

mas was sig nif i cantly higher than that in the group of nod u -

lar goi ters (p=0.031) and in the group of follicular

car ci no mas it was bor der line sig nif i cant (p=0.06). 

A pos i tive cor re la tion was ob served be tween the ex -

pres sion of Rb pro tein and that of cyclin D1 in the study

groups. How ever, the cor re la tion was sta tis ti cally sig nif i -

cant only in the nod u lar goi ter group (Rs=0.567; p=0.018).

In the group of follicular car ci no mas that cor re la tion was

bor der line sig nif i cant (Rp=0.437; p=0.072) and, in the

group of follicular adenomas, it was sta tis ti cally in sig nif i -

cant (Rs=0.217; p=0.105). 
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TABLE 3
The av er age per cent of cyclin D1-pos i tive cells in the study groups

Group N          M           SD          Min.          Max.

     Follicular carcinoma 12                34.9        23.4         2.3             79.3        

     Follicular adenoma including:

     –  microfollicular 

     –  normo- and macrofollicular 

     –  from oxyphilic (Hürthle) cells 

57

31

18

8

        34.3        16.5         1.6             63.7

        39.1        17.0         1.6             63.7

        29.6        11.9         11.8           58.2

        26.2        19.0         10.7           62.7

     Nodular goiter 17           6.3         8.4           0.0            27.6

N - num ber of cases; M - arith me tic mean; SD - stan dard de vi a tion; Min. - min i mum value; Max. - max i mum value.



Dis cus sion

Cor rect pro tein prod ucts of Rb and cyclin D1 genes

play a key role in the reg u la tion of G1/S cell cy cle tran si tion. 

Rb pro tein is par tic u larly ac tive when unphosphorylated or

weakly phosphorylated. It is then ca pa ble of bind ing the

tran scrip tion fac tor E2F, which be comes in ac tive when

complexed to Rb pro tein [18, 52, 55]. In ac ti va tion of the Rb

pro tein prod uct sup pres sor func tion as a re sult of gene de le -

tion or point mu ta tion or due to bind ing to vi ral onco -

proteins (large T an ti gen of the SV40 vi rus, hu man E1A

ad eno vi rus es, papilloma E7 vi ruses) in ter feres with the

above-de scribed prop er ties of Rb pro tein. The bi o log i cal

con se quences in volve de reg u la tion of the cell cy cle that

may lead to un con trolled cell pro lif er a tion [7, 35, 40, 52]. 

Cyclins be long to the fam ily of nu clear pro teins. The

level of their syn the sis de pends on the cell cy cle phase [42,

43, 50]. High ex pres sion (overexpression) of the cyclin D1

gene, char ac ter ized by an in creased level of mRNA and/or

pro tein prod uct of the CCND1 gene, is most of ten a re sult of

ei ther am pli fi ca tion or translocation of this gene into a dif -

fer ent lo cus. Bi o log i cal con se quences of high cyclin D1

level and in creased ac tiv i ties of the cyclin-de pend ent cdk4

and cdk6 kin ases in volve faster and more ef fec tive

phosphorylation of Rb sup pres sor pro tein, lead ing to the

short en ing of G1 cell cy cle phase [22, 30, 42, 43]. On the

other hand, it has been pointed out that high lev els of cyclin

D1 may stop the cell cy cle at G1 phase, while also in duc ing

cell dif fer en ti a tion. The ba sic role in the reg u la tion of this

mech a nism is played by p21WAF1 pro tein, the ex pres sion

of which, along that of P53 pro tein, may in duce high lev els

of cyclin D1 ex pres sion [1, 5, 8]. 

Both Rb gene and CCND1 gene ex pres sions at the

mRNA level and, us ing immunohistochemical meth ods, at

the pro tein level, has been the goal of nu mer ous stud ies per -

formed on hu man neoplasms [1, 2, 6, 10, 17, 21, 27, 28, 37,

54]. Cyclin D1 was a sub ject, re viewed in this re spect by

Donnellan and Chetty [12]. Un til now, only few works have

ap peared con cern ing the ex pres sion of these pro teins in

follicular thy roid car ci no mas. It makes any more de tailed

com par i son with the re sults ob tained here rather dif fi cult. 

In our immunohistochemical stud ies, the num ber of

Rb pro tein-pos i tive cases was 100% (12/12) for the folli -

cular car ci noma group, 95.5% (55/57) for the follicular

adenoma group and 47.1% (8/17) for the nod u lar goi ter

group. The num ber of cyclin D1-pos i tive cases was 83.3%

(10/12) for the follicular car ci noma group, 95.5% (55/57)

for the follicular adenoma group and 23.5% (4/17) for the

nod u lar goi ter group. The stud ies of Zou et al. [59] dem on -

strated a de le tion of Rb gene exon 21 from cells in 55% of

cases of ma lig nant thy roid tu mors. Only in 1/3 of these

cases were both Rb gene al leles lost. Ac cord ing to these in -

ves ti ga tors, among the re main ing thy roid tu mors the mu ta -

tions stud ied must have af fected ei ther other exons of the

sec ond al lele or reg u la tory se quences, since in all the con -

cluded cases of Rb gene mu ta tion they also ob served re -

duced amounts of Rb pro tein. Stud ies of Figge et al. [14]

es ti mated the per cent age of cells pos i tive for Rb pro tein to

be 27.7% of follicular adenomas and 9.5% of pap il lary thy -

roid car ci no mas, re spec tively. In our study, the av er age per -

cent age of Rb pro tein-pos i tive cells was 68.9% (SD=19.6)

for the follicular car ci noma cases and 58.8% (SD=23.2) for

the follicular adenomas, and 20.2% (SD=21.6) in the nod u -

lar goi ter group.

Worth not ing are the re sults of Rb pro tein ex pres sion

anal y sis in cho sen hu man neoplasms. Dong et al. [10] re -

ported high Rb ex pres sion (overexpression; ex ceed ing 50%

of the cell nu clei), in 71% (89/125) of ovar ian ep i the lial can -

cers. The high ex pres sion of Rb pro tein cor re lated pos i -

tively with non-mucinous sub type of ovar ian car ci noma.

The above au thors stud ied the de gree of Rb pro tein phos -

phorylation in 9 cases of ovar ian can cer, us ing the West ern

blot tech nique. They no ticed, that tu mors con tain ing pri -

mar ily cells with hypophosphorylated Rb pro tein pre sented
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TABLE 4
The num ber of cyclin D1-pos i tive and neg a tive cases in the study groups

Group N
 n (%)

           ++                    +                       -

     Follicular carcinoma 12          3 (25.0)         7 (58.3)              2 (16.7)

     Follicular adenoma including:

     –  microfollicular

     –  normo- and macrofollicular 

     –  from oxyphilic (Hürthle) cells 

57

31

18

8

        13 (22.8)       42 (73.7)             2 (3.5)

         11 (35.5)       18 (58.1)             2 (6.4)

          1 (5.6)          17 (94.4)             0 (0.0)

          1 (12.5)          7 (87.5)             0 (0.0)

     Nodular goiter 17           0 (0.0)           4 (23.5)            13 (76.5)

(++) - >50%; (+) - 10-50%; (-) - <10% of pos i tive cells; N – num ber of the cases stud ied; n (%) - num ber (per cent) of pos i tive or neg a tive cases



better prog no sis than tu mors con tain ing cells with ei ther

equal amounts of hypo- and hyperphosphorylated Rb pro -

tein or with poorly de tect able Rb pro tein. In our stud ies,

overexpression of Rb pro tein was ob served in 83.3%

(10/12) of the follicular thy roid car ci no mas, in 68.4%

(39/57) of the follicular adenomas and in 11.8% (2/17) of

the nod u lar goi ters. The num ber of cases with Rb pro tein

overexpression, noted for follicular car ci no mas and

adenomas of the thy roid was sig nif i cantly higher, com pared

to that in the nod u lar goi ter group (p<0.0001 and p<0.0001,

re spec tively). 

A high per cent age (98.4%) of Rb pro tein-pos i tive

cases (92/97) was found in the study of rec tal car ci no mas,

per formed by Tanum and Holm [53]. Ishikawa et al. [27]

ob served 68.7% (55/80) of Rb pro tein-pos i tive cases in

esoph a geal car ci no mas. In 76% (33/42) of non-small cell

lung car ci no mas, Marchetti et al. [37] found nu clear stain -

ing of Rb pro tein. Higashiyama et al. [21] ob served, in turn,

a lack of nu clear stain ing for Rb pro tein in 88% (7/8) of

small cell lung car ci no mas. For the non-small cell lung car -

ci no mas, a to tal lack of ex pres sion was found in only 6%

(6/100) of the cases and low ered ex pres sion in 17%

(17/100) of the cases. Lai et al. [32] found 81% (17/21) of

Rb-pos i tive cases among neoplasms of the re nal cor tex (in -

clud ing 18 car ci no mas and 3 oncocytomas). These au thors

an a lyzed the poly mor phic re gion in intron 17 of the Rb gene

in 12 in for ma tive car ci noma cases, us ing mo lec u lar tech -

niques. In 50% of cases (6/12) they ob served a loss of

heterozygosity (LOH). Only in one out of six car ci noma

cases with LOH, they found no Rb pro tein ex pres sion. Also, 

ac cord ing to those in ves ti ga tors, the loss of heterozygosity

in the 13q14 re gion was re lated to high histological ma lig -

nancy of re nal car ci no mas and un fa vor able prog no sis. 

An in ter ac tion of vi ral oncoproteins, in clud ing hu man

papilloma E7 vi rus (HPV E7), with Rb pro tein may dis turb its

cor rect func tion ing [35]. Holm et al. [24] re ported that HPV

oncoproteins were found in 81% of tu mors of the rec tum di ag -

nosed. Ac cord ing to Tanum and Holm [53], an in cor rect ex -

pres sion of Rb pro tein, ob served in 95% of rec tal car ci noma

cases, may re sult from Rb pro tein in ac ti va tion by a pro tein

prod uct, orig i nat ing from the HPV E7 vi ral ge nome. 

In our study, cyclin D1-pos i tive cases were noted in

83.3% (10/12) of the cases in the follicular car ci noma

group, in 96.5% (55/57) of the cases of follicular adenoma

and in 23.5% (4/17) of the cases of nod u lar goi ter. In stud ies

of Lazzereschi et al. [33], cyclin D1-pos i tive cy to plas mic

immunohistochemical re ac tion was ob served in 72.7%

(8/11) of thy roid follicular adenomas. A lack of ei ther nu -

clear or cy to plas mic cyclin D1-pos i tive re ac tion was con -

cluded in only one case of follicular thy roid car ci noma

stud ied by those au thors. In turn, 12 out of 19 (63.1%) cases

of pap il lary thy roid car ci noma showed cyclin D1-pos i tive

cy to plas mic stain ing. Nu clear stain ing for cyclin D1 was

found in 31.6% (6/19) of the cases of pap il lary car ci noma.

In this type of thy roid car ci noma the au thors ob served also

the oc cur rence of fo cal cell clus ters show ing cyclin D1 nu -

clear stain ing. In those cases, ca. 80% of cells showed pos i -

tive cyclin D1 nu clear re ac tion. 

In cells orig i nat ing from var i ous types of hu man

neoplasms, in ves ti ga tors of ten ob served overexpression of

cyclin D1 [1, 8, 31, 37, 38, 47]. Ac cord ing to some au thors,

the overexpression of cyclin D1 gene is most of ten a re sult

of gene am pli fi ca tion or translocation into a dif fer ent chro -

mo somal lo cus (for re view see: Donnellan and Chetty [12]).

As an ex am ple, in the study of Naitoh et al. [46] the am pli fi -

ca tion of cyclin D1 gene was ob served in 42% (5/12) of the

esoph a geal car ci no mas and an overexpression of this gene

pro tein prod uct was found in 38% (21/55) of the cases.

Kyomoto et al. [31] found the am pli fi ca tion of cyclin D1 gene

in 22% (10/45) of the cases of head and neck car ci noma.

Pos i tive cyclin D1 nu clear stain ing was ob served by those

au thors in 53% of the cases (24/45), in clud ing 9% (4/45) of

cases, show ing high cyclin D1 ex pres sion, ex ceed ing 50%

of cells. Pos i tive nu clear stain ing for cyclin D1 was seen in

14 out of 35 (40%) car ci no mas, with out di ag nosed am pli fi -

ca tion of cyclin D1 gene. How ever, cyclin D1 ex pres sion

was sta tis ti cally higher in those can cer cases, where am pli fi -

ca tion of CCND1 gene was also pres ent. Marchetti et al.

[37] ob served am pli fi ca tion of CCND1 gene in 32% (18/57) 

of non-small cell lung car ci noma cases, while 44% (25/57)

showed pos i tive nu clear stain ing for cyclin D1. Am pli fi ca -

tion of CCND1 gene cod ing for cyclin D1 was ob served in

ca. 15–20% of breast car ci no mas, while overexpression of

cyclin D1, at ei ther the mRNA or pro tein level, was seen in

30–50% of the cases (for re view see Barnes [2], Fernandez

et al. [13]). Barbareschi et al. [1] found the am pli fi ca tion of

cyclin D1 gene in 24% (13/65) of breast car ci no mas. Pos i -

tive nu clear stain ing for cyclin D1 was pres ent in 92%

(55/60) of the cases, in clud ing 40% (24/60) of the cases with 

overexpression of cyclin D1. Those au thors found a sig nif i -

cant cor re la tion be tween cyclin D1 gene am pli fi ca tion and

overexpression of this gene pro tein prod uct. Michalides et

al. [38] con cluded overexpression of cyclin D1 in 34% of

248 sur gi cal breast car ci noma cases (stage I and II). Jares et

al. [28] noted overexpression of cyclin D1 mRNA in 41%

(19/45) of breast car ci noma cases. Michalides et al. [38] and 

Jares et al. [28] ob served a sig nif i cant cor re la tion be tween

the pres ence of es tro gen re cep tors and overexpression of

cyclin D1 in breast can cer cells. 

In stud ies of Nakashima et al. [47], overexpression of

cyclin D1 mRNA was ob served in 45% of follicular

adenomas and 54% of pap il lary thy roid car ci no mas. In our
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study, overexpression of cyclin D1 (more than 50% of pos i -

tively stained cells) was ob served in 25% (3/12) of follicular 

car ci no mas and in 22% (12/57) of follicular adenomas. In

cells orig i nat ing from nod u lar goi ter no overexpression of

cyclin D1 was ob served. In turn, Hsi et al. [25] noted

overexpression of cyclin D1 in 18% (12/65) of parathyroid

adenomas.

The ef fect of CCND1 gene am pli fi ca tion (or its lack)

and/or cyclin D1 overexpression on the grade of histo -

pathological ma lig nancy, clin i cal stag ing and prog nos tic

value was an a lyzed for var i ous types of hu man neoplasms

[27, 28, 31, 37, 38, 48, 54]. The high est con sen sus among

re search ers con cerned the prog nos tic value of the above

cited pa ram e ters. Gen er ally, with cyclin D1 gene am pli fi -

ca tion and/or overexpression pres ent, low er ing of the

5-year per cent age sur vival in di ca tor was ob served for

many ma lig nant neoplasms. This ob ser va tion in cludes

acu te lympho blastic leu ke mia in chil dren [54], endo me -

trial can cer [48], head and neck ma lig nan cies [31], esoph -

a geal can cer [27]. On the other hand, it has not been

con firmed for ei ther breast can cer [17, 28, 38] or

non-small cell lung car ci noma [37]. 

The scheme of cyclin D1 and Rb pro tein syn the sis reg -

u la tion, pro posed by Lukas et al. [35], takes into ac count an

in duc tion of cyclin D1 gene ex pres sion by Rb pro tein and

the im mo bi liz ing ef fect of cyclin D1 overexpression upon

func tion ing of Rb pro tein. Ac cord ing to Müller et al. [44],

the level of cyclin D1 ex pres sion de pends on the func tional

sta tus of Rb pro tein. With rel e vance to neo plas tic cells,

Gillett et al. [17] ob served a pos i tive cor re la tion be tween Rb 

pro tein ex pres sion and cyclin D1 ex pres sion in ductal breast 

can cer in situ. Barbareschi et al. [1] ob served high ex pres -

sion of Rb pro tein in breast can cer cases with am pli fi ca tion

of cyclin D1 gene. In turn, Marchetti et al. [37] found cor rect 

lev els of mRNA and Rb pro tein in cells orig i nat ing from

non-small cell lung car ci noma, where am pli fi ca tion and

overexpression of cyclin D1 were seen; con versely, low lev -

els of mRNA or Rb pro tein were not ac com pa nied by dis tur -

bances of cyclin D1 ex pres sion. 

Ac cord ing to Jares et al. [28], con sid er ing only the im -

pact of cyclin D1, two mech a nisms may be re spon si ble for 

dis turb ing the in hib i tory role of Rb pro tein in the reg u la -

tion of cell pro lif er a tion. The first one con cerns the over -

expression of cyclin D1 that ac com pa nies cor rect Rb

pro tein ex pres sion, while the sec ond in volves the lack of

Rb pro tein ex pres sion and a si mul ta neous low ex pres sion

level of cyclin D1. In our study we noted a pos i tive cor re -

la tion be tween Rb pro tein and cyclin D1 ex pres sion.

How ever, the cor re la tion was sta tis ti cally sig nif i cant only

in the group of nod u lar goi ters (Rs=0.567; p=0.018). In

the group of follicular car ci no mas, this cor re la tion was

bor der line sig nif i cant (Rp=0.437; p=0.072) and in the

group of follicular adenomas, it was sta tis ti cally in sig nif i -

cant (Rs=0.217; p=0.105).

Our re sults con firm an in volve ment of mu tual reg u la -

tion mech a nisms in Rb and cyclin D1 pro tein ex pres sion

that have been ob served in cells orig i nat ing from var i ous

neoplasms.
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