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Abstract

Introduction: Papillary thyroid carcinoma (PTC) metastasizes to cervical lymph nodes, where differentiation between
metastatic carcinoma and benign thyroid follicular inclusions remains a significant diagnostic point. Previous studies have
suggested molecular markers such as 53BP1, BRAF, and HMB1 for this purpose impact of distant metastases at
presentation on prognosis in patients with differentiated carcinoma of the thyroid gland. [2,16]. We also previously showed
that 53BP1 IF analysis is best for differentiation [19]. However, their routine application remains limited, especially in
developing countries like Kazakhstan, due to expensive and technical difficultness. Reliable, cost-effective
immunohistochemical markers applicable in routine practice are needed to improve diagnostic accuracy.

Aim: To evaluate the diagnostic value of Cyclin D1 immunohistochemical expression in PTC lymph node metastases
from benign follicular thyroid inclusions.

Materials and Methods: Formalin-fixed, paraffin-embedded specimens from 18 thyroid cases were analyzed, in which
included 16 PTCs, one follicular adenoma, and one adenomatoid goiter. Lymph node specimens were available for 13 PTC
cases. Cyclin D1 immunohistochemistry was performed and evaluated based on nuclear staining intensity and the proportion
of positive tumor cells. Expression patterns were correlated with clinicopathological features and BRAFV600E mutation
status.

Results: Cyclin D1 showed strong nuclear expression in 100% of primary PTCs and all corresponding lymph node
metastases. One the other hand, in benign thyroid lesions and benign intranodal follicular inclusions expression of CyclinD1
was absent. Cyclin D1 positivity expression was observed across all tumor stages, including all tumor stages with lymph
node metastases. A strong association with BRAFV600E mutation was identified, although Cyclin D1 expression was also
defined in a BRAF wild-type case.

Conclusions: Cyclin D1 is a very sensitive and specific immunohistochemical marker for papillary thyroid carcinoma. Its
consistent expression in metastatic PTC and absence in benign intranodal thyroid tissue support its utility as a reliable
adjunct marker for lymph node evaluation, particularly in diagnostically challenging cases.
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BeepaeHue: [anunnapHbIi pak WMTOBWAHON Xenesbl XapakTepuayeTCs BbICOKOW 4acTOTOM MeTacTasupoBaHus B
pervoHapHble LeiHble nuMgaTtuyeckie yanbl, Npyu aToM AuddepeHumancHas AuarHocTka MeTactasa 0CTaéTcs 3HauMMOon
KNuHMYeckon u  Mopdonornyeckoir npobnemoi. B npefpiaywmx wnccnepgoBaHusx Obinv NpeanoXeHbl  pasnuyHble
MOneKynspHble Mapkepsl, Bkntovas 53BP1, BRAF u HMGB1, ons oueHku NporHOCTMYECKOrO 3HaYeHUs 1 onpeaeneHus
MeTacTaTM4ecKoro noteHumana audoepeHUMpoBaHHON KapLUMHOMbI LMTOBMAHON xenesbl [2,16]. B 4YacTHocT, aHanus
MMMYHHOMyOopecLeHTHON aKkcnpeccun 53BP1  npogeMoHCTpupoBan BbICOKYHD [AMarHOCTUYECKY 3G(HEKTUBHOCTL U
NepecnekTUBHOCTb B AndbdepeHLmManbHoi amarHocTuke metactasos [19]. OpHako WMpoKoe BHEAPEHWE AaHHbIX METOLOB
OCTaéTCsl OrpaHuyeHHbIM, B Pa3BUBAIOLMXCA CTpaHax, Bkovas KasaxcraH, 4to 0GYCNOBMEHO BbICOKOW CTOMMOCTBIO
“CCnenoBaHus 1 HeoBX0AMMOCTLI0 cneLyuanu3MpoBaHHOro obopyaosaHus. B CBA3u C aTUM COXpaHseTcs HeobxoanMocTb
BOCTKWMBIX UMMYHOMUCTOXMMUYECKIX MapKepOoB.

Uenb: OueHuTb  OMArHOCTUYECKYH) — 3HAUMMOCTb  MMMYHOTMCTOXMMMYeckon  akcrpeccun  Cyclin @ D1 gns
pudbdepeHLUManbHOM AUarHoCTUKN MeTacTasoB W [OOPOKAYECTBEHHbIX (HONMMKYNAPHbIX 00pa3oBaHWin B NMMMAaTU4ECKuX
yanax npy NanuansipHoOM pake LUMTOBWUAHOM Xenesbl.

Matepuansi u metogbl: B uccnegosanue 6binu BKMOYeHbI hopManuH@UKCUpOBaHHbIE napadnHoBble 0BpasLbl TkaHu
(FFPE), Bcero 18 cnyvaeB, ©3 KOTOpbIX 16 nanunnspHbIA paKk LUMTOBWAHOM Xenesbl, OOUH Cryyan - honmnuKynspHomn
afleHoOMe M OfWH cryvan — afeHomaTo3HoMy 300y. MeTtacTtaTasbl pervoHapHbIx MuMdaTnieckux y3nos Obinv BbisBMEHbI B
13 n3 16 cnyyaeB nanunnspHOrO paka LMTOBMAOHOM enesbl. VmmyHoructoxmmmueckoe wuccnegosaHne Cyclin D1
NPOBOAWIIOCH C OLEHKOI YPOBHS SKCMPECCUN HA OCHOBAHWM MHTEHCMBHOCTU SAEPHOMO OKPALUMBAHWS W AONM MO3UTUBHBIX
ONyXOneBbIX KNeTok. omyyeHHble pesynbTaThl ObinM COMOCTABREHbI C KIMHWKO-NATONOTMYECKUMM XapaKTepPUCTMKaMM
NaLMEHTOB, BKIOYas BO3PACT, NOJ, CTaAMI0 ONYXOMM M Hanuyue MeTacTasos.

Pesynbtatbl: Cyclin D1 nokasan BblpaxeHHylo sgepHylo akcnpeccuto Bo Bcex (100%) mepBWYHBIX OMyXOnsix
NanuUnnspHOroO paka LWTOBWAHOI eneabl, BKIYEHHBIX B UCCNENOBaHNe, a Takke BO BCEX METAacTasax B PErvoHapHbIX
numdatnyecknx yanax. B gobpokavecTBeHHbIX 0BpasoBaHMsx wmuToBMAHOM xenesbl Cyclin D1 He BbisBNsNace.
MosuTtnsHas akcnpeccus Cyclin D1 Habntoganacs Ha pasnuyHbIX CTaAMSAX OMyXONEeBOro NpoLecca, BKIYas paHHNe CTaguu
nanunnspHOro paka LUMTOBWOHON Xenesbl, COMPOBOXAAMLWMECH MEeTacTasupoBaHWEM B NUMGaTUYECKUE Y3Mbl, YTO
YKa3blBaeT Ha BO3MOXHYIO porb JaHHOTO MapKepa Ha paHHWX 3Tanax OnyXofeBoi MPOrpeccumn M MeTacTaupoBaHus.

3akntoyenue: Cyclin D1 nokasan BbICOKYK YyBCTBUTENBHOCTb 1 CNELNGUUHOCTb B KAYECTBE MMMYHOTMCTOXMMUYECKOTO
Mapkepa npu NanunmnspHOM pake LWWUTOBWUAHON xenesbl. BoisBneHHas akcnpeccus Cyclin D1 B MeTactaTnyeckux TKaHsX
NanunnspHOro  paka LUWMTOBMOHOW JKENesbl, a Takke OTCYyTCTBME €ro 9Kcnpeccun B A0OpOKa4YeCcTBEHHOM
MHTPanMMaTYECKON TKaHU, NOATBEPKAAET Er0 AMarHOCTUYECKYHO 3HAUMMOCTb.

Knrouesble cnoea: nanunnsapHas KapyuHoMma  WUmOBUOHOU  Xene3bl,  8bICOKOOUhEPEHUUPOBaHHbIL  paK
wumosudHol xene3sbl, cyclin D1, memacmassl, numgbamuyeckue y3rb.
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Kipicne: KankaHwa 6esiHiH nanunnspnblk 0Bbipbl aiMaKTbiK MOWbIH nuMmda TymiHgepiHe xui metactas bepyimeH
cunatTanagbl, an metacTaTWkanblK 3akbiMAaHyabl OuddbepeHunanbl uarHoCTUKanay MaHbi3fbl KNUHUKAmbIK KaHe
Mopdbonorusanelk  Macene. AnabiHFbl  3epTTeynepae KankaHwa 6esiHiH - auddepeHumsnanFal  KapLUMHOMACHIHBIH,
Oomxamablk MaHpI3blH Oaranay oHe MeTacTaTuKanblK OneyeTiH aHblKTay MakcaTbiHga oSpTypri Monekynanbik
Mapkeprep, coHblH, iwiHae 53BP1, BRAF xaHe HMGB1 ycbiHbinFaH [2,16]. Atan aitTkaHga, 53BP1 ummyHdnyopecueHTTik
9KCTPECCUICbIH - Tangay — MeTacTatukanblK — 3akbiMAaHynapabl — AuddbepeHumangbl  guarHoctukanayga — kofapbl
AMarHocTuKanblK TMiMAINK NeH nepcnekTuBanbinbIKTbl kepcetTi [19]. Anaipa, 6yn apictepai KyHAENIKTi KNMHUKANbIK
ToxXipubere eHrisyi WwekTeyni, acipece KasakcraHabl Koca anFaHga Aambin Kene xaTkaH engepae, Oyn sepTreynepaiH
XOFapbl apHanbl 3epTxXaHanblK xabmblKTapablH KaxeTTinirimeH 6GannaHbicThl. OcbiFaH GaitnaHbICThl KankaHwa 6esi
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00bIpbIHBIH, MeTacTasaapbiH AuddepeHunangbl uarHoCTUKanayabl KakcapTy YLiH MMMyHOMMCTOXUMUSTBIK MapKepnepsi
KaXeTTiniri caktanyaa.

Makcatbl: KankaHwa 6e3iHiH, nanunnspnblk obbipbl KesiHAeri MeTacTaTukanblK 3akbiMpaHynap MeH numda
TyWiHOepiHaer  KaTepcia  onnukynsapnblk  Tysinictepai  auddepeHumangsl  guarHocTukanay  ywiH - Cyclin - D1
MMMYHOMUCTOXMMUSIBIK 3KCMIPECCUSACHIHBIH, ANarHoCTMKarnblK MaHbi3blH 6aFanay.

Matepuanpap meH apictep: 3epTreyre dhopmanuHMeH GekiTinreH xoHe napaduHre KybinFaH TiH ynrinepi (FFPE)
eHrisingi, G6apnbirbl 18 xafgait, OHbIH iwiHoe 16 xaroan KankaHwa OesiHiH manunnspnblk obbipbiHa, 6ip xargan
chonnukynapnblK ageHomara xoHe Oip xargan ageHomato3dbl 300Ka cankec kenpi. AUMaKTblK numda TyWiHAEPiHIH,
MeTacTaTuKanblK 3aKbiMAaHybl KankaHwa 6esiHiH, nanunnspnblk 06bipbiHbIH, 16 XaFaaiibiHbiH, 13-iHae aHbikTangpl. Cyclin
D1 MMMYHOTMCTOXMMUSMIBIK 3epTTeyi AOponblK 0osny KapKbIHAbIbIFEI MEH MO3WTUBTI iCiK XacyllanmapblHblH, YreciHe
Heri3genin baranangbl. ArblHFaH HBTUXeNep NauneHTTepAIH KIMHUKO-NaToNoMsnbIK cunatTamanapbiMeH, COHbIH, iLiHae
Kachl, KbIHbICbI, iCik CaTbIChI X8HE MeTacTasaapablH 60MybIMEH CanbICTbIPbINAb

Hatuxenep: Cyclin D1 3epTTeyre eHrisinreH KankaHwa 6esiHiH, nanunnspnbik 0bbipbiHbIH 6apnbik (100%) 6actanke
icikTepinae, coHpai-aK CaikeC aiiMakTblK numda TyhiHaepiHaeri bapnblk MeTacTasgapaa alkbiH SAPONbIK SKCrpeccus
kepcetti. Cyclin D1 akcnpeccusicel KankaHwa 6esiHiH KaTepcis TysinictepiHge aHbikTanmagbl. Cyclin D1 nosutueri
9KCMPECCHACHI iCiK YAepiCiHIH 8pTypni caTbinapbiHAa, COHbIH, iliHae MuMda TyliHgepiHe MeTacTasbeH XypeTiH KankaHLua
BesiHiH, nanunnsapnblk OBbIpbIHBIH, epTe caTbinapbiHga Oaikanabl, 6yn MapkepaiH iCiKTiH epTe nporpeccusicbl MeH
MeTacTaTuKarnblk TapanyblHaa bIKTMan peniH kepceTtesi.

.KopbitbiHgpl: Cyclin D1 kankaHwa 6esiHiH nanunnapnbik 0bbipbl Ke3iHOe UMMYHOrUCTOXMMUANbBIK Mapkep peTiHae
KOFapbl cesiMTangblk neH cneyndukanbikTol kepceTTi. KankaHwa 6e3iHiH nanunnapnblk 0BbipbiHbIH, MeTacTaTukanbIK
TiHgepiHae Cyclin D1 TypaKTbl 84pOnbIK 3KCNPECCUSIChIHBIH, aHbIKTanybl XaHe OHbIH, KaTepcia UHTpanumdaTukanslk TiHoe
Bonmaybl OHbIH AMArHOCTUKaNbIK MaHbI3bIH pacTangbl.

.Tyliindi co3dep: xankaHwa be3iHiy nanuniapbl KapyuHoMachl, kanxaHwa be3iHiy Xozapbl capanaHeaH xamepsi
iciei, cyclin D1, memacma3, numda TyniHaepi.
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Introduction Given these limitations, the primary aim of our study

Thyroid Cancer (TC) is the most common malignant ~ was to identify a cost-effective, widely available, and
tumor of the head and neck region, accounting for  diagnostically valuable immunohistochemical marker for
approximately 1-3% of all human cancers worldwide [18].  differentiating metastatic PTC from benign thyroid tissue
Over the past decades, the global incidence of thyroid  (BFIs) in lymph nodes. Cyclin D1, an immunohistochemical
cancer has shown a steady increase (8). Among all thyroid ~ marker already widely used in routine oncological
cancers, papillary thyroid carcinoma (PTC) is the most  diagnostics for various tumors and readily available in most
prevalent subtype, representing approximately 80% of all pathology laboratories in Kazakhstan, was selected as a
cases [18]. While PTC generally has a favorable prognosis,  promising candidate for evaluation in this context.
with regional lymph node metastases occur in more than The cyclin D1 gene (CCND1), situated at chromosome
36% of cases [2], posing challenges in accurate  11q13, is a well-documented oncogene [17]. Dysregulation
pathological ~ diagnosis and  subsequent  clinical ~ of cyclin D1 expression or CDK4/6 activation directly
management. One of the critical diagnostic dilemmas in  contributes to core cancer hallmarks—including unchecked
PTC is the differentiation between true metastatic  proliferation and cell cycle checkpoint evasion [11,14]. In
carcinoma and benign thyroid follicular inclusions (BFIs)  human cancer cell lines, cyclin D1 dysregulation facilitates
within cervical lymph nodes. Previous studies have  tumorigenesis through interactions with >100 regulatory
suggested molecular markers such as 53BP1, BRAF, and  proteins [21]. Overexpression of cyclin D1 drives aberrant
HMB1 for this purpose impact of distant metastases at  cell proliferation and promotes malignant transformation
presentation on prognosis in patients with differentiated ~ and progression in tumors such as papillary thyroid
carcinoma of the thyroid gland. [2,16 ]. We also previously ~ carcinoma (PTC) [9,14].
showed that 53BP1 IF analysis is best for differentiation Our preliminary study demonstrated that Cyclin D1 was
[19]. However, their routine application remains limited,  strongly expressed in PTC, while its expression was low or
especially in developing countries like Kazakhstan, due to  absent in benign thyroid tissue, follicular adenomas (FA),
high costs and technical constraints. and adenomatoid goiters (AG). Based on these findings, the

In 2023, Kazakhstan reported a 13.1% increase in thyroid ~ current study was conducted to evaluate the diagnostic
cancer incidence compared to the previous year [12]. Notably, utility of Cyclin D1 in BFI.
the disease is diagnosed five times more frequently in women The aim of this study was to evaluate the diagnostic
than in men, with 917 female cases versus 167 male cases  value of Cyclin D1 immunohistochemical expression in
reported [8 ]. Similar increases have been observed in other  differentiating PTC metastases from BFI within cervical
countries, including 52,169 new cases in the USA [6], 16,419 in lymph nodes.
Japan [7], 9,618 in France [3], 4,229 in Argentina [4], and 3,769 Materials and methods
in Australia [5]. Study design: retrospective study.
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Sample collection

From January 2018 to August 2021, 18 cases including:
PTC 16 cases, FA one case, and AG one case were
selected at the Yamashita Thyroid Hospital in Fukuoka,
Japan. Corresponding lymph node dissection specimens
were collected. All patients had no history of radiotherapy or
chemotherapy before surgery. All cases were reviewed for
diagnosis by senior diagnosticians at the pathology
department of our hospital.

All available samples were formalin-fixed and paraffin-
embedded (FFPE) tissues. The final diagnosis of all cases
was histologically confirmed at the Department of Tumor
and Diagnostic Pathology, Nagasaki University, according
to the diagnostic criteria of the WHO Classification of
Tumors of Endocrine Organs (4th edition)

Immunohistochemical staining

All specimens were fixed in 10% neutral formalin and
embedded in paraffin. The primary antibodies against
Cyclin D1 were purchased from Gene Tech (Shanghai)
Company  Limited, A Gene Group Company.
Immunohistochemical staining was performed by the En
Vision method. The experimental procedure was performed
in strict accordance with the instructions.

The immunohistochemistry results showed Cyclin D1
was observed in the nucleus, which was comprehensively
interpreted according to the staining intensity and the
proportion of stained areas. Nuclear intensity was scored as
follows: 0=negative, 1=vyellow (weak), 2=brown
(moderate), and 3 =tan (strong). The proportion of the
stained area was interpreted as the ratio of positive cells to
the total number of tumor cells, and the estimated fractions
were denoted as 0 (0-1%), 1 (2-25%), 2 (26-50%), 3 (51—
75%), and 4 (> 75%). A combined nuclear score (NS) was

constructed according to the intensity and multiplying
fraction. A Cyclin D1 score <2 was considered negative
expression, 3-5 was considered moderate expression,
and=6 was considered high expression. Finally only
moderate high expressions are considered as positive.

Statistical analysis All statistical analyses were carried
out using IBM SPSS Statistics for Windows, version 20
(IBM Corp., N.Y., USA). The expression difference in Cyclin
D1 among the different groups Differences were considered
statistically significant at P.

Ethical issues. This consent explicitly states that
patients agree to the use of their data and research results
for educational and scientific purposes to enhance the
quality of medical care, approval was obtained from the
Local Ethics Committee of the NCJSC "Semey Medical
University" on December 12, 2023, extracted from protocol
No.2. Additionally, all patient data is anonymized to ensure
confidentiality and compliance with ethical standards in
medical research. The Head of the Radionuclide Therapy
Department was informed about the progress and conduct
of the study and has no objections to the publication of the
data in open access.

Results

Clinicopathological characteristics

The study cohort consisted of 18 thyroid specimens,
including 16 cases of papillary thyroid carcinoma (PTC)
(Table 1), 1 follicular adenoma (FA), and 1 adenomatous
goiter (AG). Patient age ranged from 30 to 72 years, with a
predominance of female patients (12 females, 6 males)
(Table 2). Tumor staging among PTC cases ranged from
T1a to T4a, reflecting a spectrum from early-stage to locally
advanced disease.

Table 1.

Clinicopathological characteristics, mutation status, and Cyclin D1 expression in primary thyroid tumors and

corresponding metastases.

: . type of mutation CyclinD1
Gender | Age (y) UERTE DIEYIES in primary tumor primary tumor LN
BFI metastasis
F 63 AG BRAFwt - - 0
F 46 FA BRAFwt - - 0
F 31 1a PTC BRAFV600E + - 0
F 56 2 PTC BRAFV600E + - 0
F 72 1a PTC BRAFV600E + - 0
F 46 2 PTC BRAFV600E + - +
F 48 1b PTC BRAFV600E + - +
F 69 4a PTC BRAFV600E + - +
54 3b PTC BRAFV600E + NA +
28 1b PTC BRAFV600E + - +
F 80 1a PTC BRAFV600E + - +
F 30 3a PTC BRAFV600E + - +
61 1b PTC BRAFV600E + - +
62 1b PTC BRAFV600E + NA +
F 60 1a PTC BRAFV600E + NA +
F 48 1a PTC BRAFV600E + - +
F 38 1a PTC BRAFV600E + - +
F 65 1a PTC BRAFV600E + - +
Total 16 + 15 - 13 +

PTC - papillary thyroid carcinoma;
AG - adenomatoid goiters

BFI - benign thyroid follicular inclusions
LN- lymph node
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Cyclin D1 immunohistochemistry demonstrated a distinct
expression pattern across different thyroid lesions: Cyclin D1
expression was detected in 16/16 (100%) primary PTC tumors.
All PTC cases showed positive nuclear staining, regardless of
tumor stage or patient age. The staining pattern was
predominantly diffuse and strong, consistent with Cyclin D1
overexpression in malignant thyroid epithelium. Notably, Cyclin
D1 positivity was observed in both early-stage (T1a) and
advanced-stage tumors (T3-T4a), indicating that Cyclin D1
expression is an early and persistent event in PTC
tumorigenesis. The single FA case showed negative Cyclin D1
expression in the primary tumor, with no nuclear staining
identified. The AG case similarly showed absence of Cyclin D1
expression, confirming a benign immunophenotype.

Table 2.
Clinicapathologic characteristics.
Factors | Niumber (%)
Sex
Female 4 (22%)
Male 14 (78%)
Age
<55 9 (50%)
>55 9 (50%)
Subtypes
AG 1(5%)
FA 1(5%)
PTC 16 (89%)
Cycline D1
primary 16 (89%)
ectopic 15 (83%)
metastasis 13 (72%)
Pathological T category of WHO 5 edition
pT1 11 (61%)
pT2 2 (11%)
pT3 2(11%)
pT4 1(5%)
BRAFV600
positive 16 (89%)
negative 2 (11%)

Cyclin D1 Expression in Primary Thyroid Lesions

Cyclin D1 Expression in Lymph Nodes

Lymph node (LN) specimens were available in 13 PTC
cases, all of which demonstrated metastatic disease.

PTC Lymph Node Metastases in 13/13 (100%) showed
strong nuclear Cyclin D1 positivity in metastatic tumor cells.
The staining was diffuse and sharply contrasted with the
surrounding lymphoid tissue, which remained completely
negative. Benign follicular inclusions within lymph nodes,
when present, were consistently Cyclin D1-negative
(15/15). This finding is of particular diagnostic importance,
as benign intranodal thyroid tissue can closely mimic
metastatic PTC on routine histology. These results indicate
that Cyclin D1 reliably distinguishes true PTC metastases
from benign intralymph node thyroid tissue, with 100%
sensitivity and specificity in the present cohort.

Correlation with BRAFV600E Mutation

Cyclin D1 expression strongly correlated with
BRAFV600E mutation status. All BRAFV600E-positive PTC
cases demonstrated Cyclin D1 overexpression in both
primary tumors and metastatic deposits. The single BRAF
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wild-type PTC case also showed Cyclin D1 positivity,
suggesting that Cyclin D1 expression is not exclusively
dependent on BRAF mutation but is strongly enriched in
BRAFV600E-mutated tumors.

Association with Tumor Stage and Metastatic
Potential

Cyclin D1 positivity was observed across all tumor
stages; however, lymph node metastases were
predominantly associated with higher T stages (T1b-T4a).
The consistent Cyclin D1 expression in metastatic lymph
nodes supports its role as a marker of metastatic potential.

Importantly, Cyclin D1 expression was present even in
small primary tumors (T1a) that subsequently developed
lymph node metastases, underscoring its value as a
predictive biomarker rather than merely a reflection of tumor
size or proliferation.

The detailed clinicopathological and immunohistochemical
analysis demonstrates that Cyclin D1 is a highly sensitive and
specific marker for papillary thyroid carcinoma, with exceptional
utility in identifying lymph node metastases and distinguishing
them from benign intralymph node thyroid tissue. Its consistent
expression across tumor stages and strong association with
metastatic disease highlight Cyclin D1 as a robust diagnostic
and predictive biomarker in thyroid pathology.

Discussion

The present study demonstrates that Cyclin D1 is a
sensitive immunohistochemical marker for papillary thyroid
carcinoma (PTC) and supports its diagnostic and predictive
value, particularly in distinguishing metastatic disease in
lymph nodes from benign thyroid inclusions. Our findings
that Cyclin D1 expression is consistently observed in PTC
and PTC metastases align with several previous reports in
the literature.

Cyclin D1 Expression in Primary PTC

In our cohort, Cyclin D1 was expressed in 100% of
primary PTC cases, regardless of tumor size or histological
subtype, whereas benign lesions, including follicular
adenoma and adenomatous goiter, were consistently
negative. This dichotomy supports the notion that Cyclin D1
expression is closely associated with malignant
transformation in thyroid follicular epithelium.

Previous immunohistochemical studies have also
reported high Cyclin D1 expression in PTC. For example, in
a series of primary thyroid carcinomas, Cyclin D1 was found
to be expressed in a majority of PTC cases, suggesting its
involvement in thyroid tumorigenesis [22]. Additionally, a
large immunohistochemical analysis reported that the
positive expression rate of Cyclin D1 in PTC was
significantly higher than in benign lesions and adjacent
normal tissue, further corroborating its potential diagnostic
utility [23]. The consistent nuclear localization of Cyclin D1
in tumor cells in our study reflects deregulation of the G1/S
cell cycle checkpoint, an early event in oncogenesis. Similar
conclusions have been drawn in other research, which
observed that Cyclin D1 nuclear overexpression is
associated with tumor growth and may reflect early-stage
carcinogenesis [25].

Value in Lymph Node Assessment

A major challenge in thyroid pathology is distinguishing
small metastatic PTC foci from benign thyroid tissue within
lymph nodes. In our series, Cyclin D1 was uniformly
positive in all lymph node metastases and absent in benign
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lymph node inclusions. This finding is consistent with recent
work showing high sensitivity and specificity of Cyclin D1 in
differentiating intralymph node PTC metastases from
ectopic thyroid tissue, where Cyclin D1 expression was
significantly more prevalent in metastatic foci [23]. The
ability of Cyclin D1 to highlight metastatic cells while sparing
surrounding  lymphoid tissue reduces interpretative
ambiguity and supports its inclusion in diagnostic panels,
especially in challenging nodal specimens.

Comparison with Other Studies and Diagnostic
Markers

Our results align with studies reporting that Cyclin D1
expression in PTC is significantly higher than in benign
thyroid tissue and is correlated with clinicopathological
parameters such as tumor size and lymph node metastasis.
[23] Moreover, some reports suggest that Cyclin D1 may
have diagnostic advantage over traditional markers,
particularly in differentiating metastatic deposits from benign
inclusions [23].

However, not all studies find Cyclin D1 to be uniformly
specific. Earlier work demonstrated heterogeneous Cyclin
D1 expression in thyroid neoplasms, with some benign and
malignant lesions showing overlap, and concluded that
Cyclin D1 alone may have limited specificity without
complementary markers. [20]These differences may be due
to cohort size, antibody clones, or scoring criteria, and
underline the importance of panel-based interpretation.

Association with Tumor Aggressiveness and Early
Carcinogenesis

Our observation of Cyclin D1 expression in early-stage
tumors, including those with small primary size but lymph
node metastasis, suggests that Cyclin D1 deregulation may
occur early in tumor progression and contribute to
metastatic potential. This pattern is supported by studies in
papillary microcarcinomas, where Cyclin D1 overexpression
was significantly associated with lymph node metastasis
and increased tumor size, although not driven by gene
amplification [14].

This supports the concept that Cyclin D1 may serve not
only as a diagnostic marker but also as a potential indicator
of aggressive behavior, especially in tumors that lack other
high-risk features.

Biological Implications in Cell Cycle Regulation

While differentiated thyroid carcinomas are typically
slow-growing with relatively low proliferation indices, Cyclin
D1 overexpression reflects cell cycle dysregulation rather
than pure proliferative activity. This distinction is also seen
in other tumor types where Cyclin D1 overexpression
occurs independently of high proliferative markers [24].

Clinical Implications

The evidence presented here and in the literature
supports  the incorporation of Cyclin D1 into
immunohistochemical diagnostic panels for thyroid tumors,
particularly for identifying metastatic PTC in lymph nodes
and supporting difficult diagnoses. Combined use with other
markers, such as P21 or classical markers like CK19 and
Galectin-3, may further enhance diagnostic accuracy.

Study Limitations

The primary limitation of this study remains the
relatively small number of benign lesions. Larger cohorts
and multi-institutional validation are needed to more
precisely define the sensitivity and specificity of Cyclin D1

43

across the full spectrum of thyroid pathology. Additionally,
prospective correlation with clinical outcomes would help
determine its prognostic utility.

Conclusion

In this study, Cyclin D1 showed consistent nuclear
expression in papillary thyroid carcinoma and corresponding
lymph node metastases, while remaining absent in benign
thyroid lesions and benign intranodal thyroid tissue. These
findings support the utiity of Cyclin D1 as a sensitive
immunohistochemical adjunct for the diagnosis of papillary
thyroid carcinoma, particularly in lymph node specimens where
distinction between metastatic disease and benign thyroid
inclusions may be challenging.

The uniform expression of Cyclin D1 across a range of
tumor stages, including early-stage tumors with lymph node
metastasis, suggests that Cyclin D1 deregulation is an early
event in papillary thyroid carcinoma tumorigenesis and may
be associated with metastatic behavior. Although Cyclin D1
expression was strongly associated with BRAFV600E
mutation, its presence in a BRAF wild-type case indicates
that Cyclin D1 activation is not exclusively dependent on
BRAF signaling.

When interpreted in conjunction with histomorphological
features and established immunohistochemical markers, Cyclin
D1 may enhance diagnostic confidence and accuracy in
selected thyroid and lymph node specimens. Further studies
involving larger, multi-institutional cohorts and correlation with
clinical outcomes are required to validate these findings and to
define the prognostic significance of Cyclin D1 expression in
papillary thyroid carcinoma.
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