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Abstract
Objective: This study aimed to demonstrate that the cribri-
form-morular variant (CMV) of papillary thyroid carcinoma 
(PTC) has high Ki-67 labeling indices, despite its excellent 
prognosis. Methods: We examined 21 CMV-PTCs and 5 con-
ventional PTCs (C-PTCs) resected at Kuma Hospital between 
2008 and 2018. All of the patients with CMV-PTC were wom-
en. Their ages ranged from 17 to 35 years, with a mean of 
25.2 years. An immunohistochemical study using β-catenin, 
estrogen receptor (ER), and Ki-67 was performed. For apop-
totic analysis, terminal deoxynucleotidyl transferase-medi-
ated dUTP nick-end labeling staining was performed. Re-
sults: All CMV-PTCs were encapsulated with thick fibrous 
connective tissue. Eleven and one CMV-PTCs exhibited cap-
sular invasion and extrathyroidal invasion, respectively. Two 
patients showed regional nodal metastasis. The Ki-67 label-
ing index ranged from 4.8 to 36.4% (mean 15.2%). Apoptot-

ic cells were counted, which showed 2–52 positive cells 
(mean 12.6) per 10 high-power fields. The Ki-67 labeling in-
dex was positively correlated with the apoptotic cell count  
(r = 0.48, p = 0.030). Ki-67 labeling indices of CMV-PTCs were 
significantly higher than those of C-PTCs (p = 0.0027). Ages 
and tumor sizes did not have significant correlations with Ki-
67 labeling indices or apoptotic cell counts. Conclusion: This 
study is the first to demonstrate disproportionally high Ki-67 
labeling indexes in a large number of CMV-PTC cases, de-
spite the fact that these cases had favorable prognoses. The 
favorable prognosis of CMV-PTC may be attributable to en-
capsulation and nuclear ER expression.

© 2019 S. Karger AG, Basel

Introduction

The cribriform-morular variant (CMV) of papillary 
thyroid carcinoma (PTC) is a rare subtype of PTC, and 
accounts for < 0.5% of all PTCs [1–4]. It usually occurs in 
young women and is commonly associated with familial 
adenomatous polyposis (FAP) [1, 2, 4, 5]. However, a 
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sporadic form of CMV-PTC without FAP has also been 
reported [1, 2, 6]. Sporadic CMV-PTCs usually appear as 
a solitary nodule, while FAP-associated CMV-PTCs are 
frequently multifocal [6, 7]. The prevalence rates of nod-
al metastases (12 vs. 43%) and recurrence (9 vs. 16%) are 
lower in CMV-PTC than in conventional PTC (C-PTC) 
[1, 2]. Thus, patients with CMV-PTC have a low mortal-
ity rate and an excellent prognosis.

The Ki-67 labeling index has been used extensively as 
a proliferation marker. A high Ki-67 labeling index usu-
ally indicates aggressive behavior or poor prognosis [8–
10]. More than 90% of patients with PTC have a low Ki-
67 labeling index (< 3%), and those patients with Ki-67 
labeling indices > 3% have significantly worse cause-spe-
cific survival [9]. Miyauchi et al. [10] reported that the 
Ki-67 labeling indices of aggressive-type PTCs were sig-
nificantly higher than those of C-PTCs. However, Brehar 
et al. [11] reported a case of CMV-PTC that had a high 
Ki-67 labeling index (15%), despite its excellent progno-
sis. To the best of our knowledge, no study focusing on 
this discrepancy has been reported. We hypothesized 
that the favorable prognosis of CMV-PTCs may be due 
to their extremely high frequencies of apoptotic cells. Ac-
cordingly, we attempted to count apoptotic cells in 
CMV-PTCs. This study aimed to demonstrate that 
CMV-PTCs show high Ki-67 labeling indices, despite 

their excellent prognosis. The study also includes discus-
sion of the discrepancy between Ki-67 labeling indices 
and prognosis.

Materials and Methods

We extracted 21 CMV-PTCs resected at Kuma Hospital be-
tween 2008 and 2018. A histological diagnosis of CMV-PTC was 
made on the basis of the following criteria: (1) papillary growth 
composed of tall columnar cells, (2) cribriform architecture with-
out colloid, (3) solid and spindle cell areas, (4) morules, and (5) 
peculiar nuclear clearing. All of the patients with CMV-PTC were 
women. Their ages ranged from 17 to 35 years, with a mean of 25.2 
years. In this study, we also included 5 C-PTCs recently resected 
at Kuma Hospital as controls. All of the patients with C-PTC were 
women. Their ages ranged from 26 to 55 years, with a mean of 34.8 
years. Clinical data were obtained from patient medical records at 
Kuma Hospital.

For immunohistochemical and apoptotic analysis, representa-
tive tissue blocks were selected. In 7 cases with multiple CMV-PTC 
nodules, the largest nodule was selected for evaluation in this 
study. Immunohistochemical staining was performed using the 
automated Leica Bond-Max system and Bond Refine detection kit 
(Leica Microsystems, Wetzlar, Germany) according to the manu-
facturer’s recommendations. We used primary antibodies against 
Ki-67 (MIB-1, 1: 200 dilution, Dako, Glostrup, Denmark), 
β-catenin (β-catenin 1, 1: 200; Dako, Carpinteria, CA, USA) and 
estrogen receptor (ER; 6F11, 1: 400; Novocastra, Newcastle, UK). 
The Ki-67 labeling index was estimated by counting at least 500 

CMV-PTC
(n = 21)

C-PTC
(n = 5)

Female:male, n 21:0 5:0
Age, years 25.2 (17–35) 34.8 (26–55)
Familial adenomatous polyposis

Present 7 (33.3) –
Absent 12 (57.1) –
Unknown 2 (9.5) –

Size, mm 27.1 (9–50) 27.6 (18–42)
Encapsulated 21 (100) 1 (20.0)

With capsular invasion 11 (52.4) 1 (100)
Extrathyroidal invasion 1 (4.8) 3 (60.0)
Nodal metastasis 2 (9.5) 5 (100)
β-Catenin (nuclear expression) 21 (100) 0 (0)
ER 21 (100) 0 (0)
Ki-67 labeling index, % 15.2 (4.8–36.4) 3.1 (1–6.5)
TUNEL staining (n = 20) (n = 5)

Apoptotic cells/10 HPF 12.6 (2–52) 10.8 (4–21)

Data are presented as the mean (range) or n (%). CMV-PTC, cribriform-morular vari-
ant of papillary thyroid carcinoma; C-PTC, conventional papillary thyroid carcinoma; ER, 
estrogen receptor; TUNEL, terminal deoxynucleotidyl transferase (TdT)-mediated dUTP 
nick-end labeling; HPF, high-power fields.

Table 1. Characteristics of the examined 
CMV and C-PTCs
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carcinoma cells in the hot spot. Terminal deoxynucleotidyl trans-
ferase (TdT)-mediated dUTP nick-end labeling (TUNEL) staining 
was performed using the ApopTag® peroxidase in situ apoptosis 
detection kit (Millipore, Temecula, CA, USA). Silanized, 3-μm sec-
tions were deparaffinized and digested with proteinase K (18 µg/
mL) for 15 min at room temperature. Endogenous peroxidase ac-
tivity was blocked with 3% hydrogen peroxide. The sections were 
incubated with TdT in reaction buffer containing a fixed concen-
tration of digoxigenin-labeled nucleotides for 1 h at 37   ° C. The 
reactions were terminated by incubating slides in stop/wash buffer 
for 10 min. Then, the sections were incubated with anti-digoxigen-
in peroxidase for 30 min, and apoptotic cells were detected after 
incubation in DAB for 10 min and counterstaining with Mayer’s 
hematoxylin solution for 3 min. The slides were observed at ×200 
magnification, and the counts of TUNEL-positive cells (apoptotic 
cells) were determined in 10 fields per slide.

Statistical analyses were performed using the Stat Flex v.6 sta-
tistical software (Artech Co. Ltd, Osaka, Japan). Values of p < 0.05 
were regarded as statistically significant in the Fisher probability 
test and Student’s t test.

Results

Table 1 summarizes the case characteristics and ex-
amination results for the 21 CMV-PTCs and 5 C-PTCs. 
Seven CMV-PTC patients had colonic polyposis, while 12 
did not. The remaining 2 patients have not undergone 
colonic examination. Multiple nodules were found in 7 
patients with CMV-PTC, including 5 patients with pol-
yposis, 1 patient without polyposis, and 1 polyposis-un-
known patient. Tumor sizes were measured by ultra-
sound examination and varied from 9 to 50 mm in their 
greatest dimension, with a mean of 27.1 mm. All CMV-
PTCs were well encapsulated with thick fibrous connec-
tive tissue (Fig.  1a). Histologically, 11 nodules (52.4%) 
showed capsular invasion but were not widely invasive 
(Fig. 1b). Only one nodule revealed extrathyroidal inva-
sion. Two patients showed regional nodal metastasis, 1 of 
whom was the patient with extrathyroidal invasion. None 
of the cases included distant metastasis at the time of 
CMV-PTC diagnosis.

Immunohistochemically, all of the CMV-PTCs 
showed nuclear and cytoplasmic β-catenin expression 
(Fig. 2a), as well as nuclear ER expression (Fig. 2b). All of 
the C-PTCs showed cell membrane expression for 
β-catenin without nuclear ER expression. Ki-67 labeling 
indices ranged from 4.8 to 36.4% (mean 15.2%; Fig. 3a). 
The Ki-67 labeling indices of CMV-PTCs were signifi-
cantly higher than those of C-PTCs (p = 0.0027). The high 
Ki-67 labeling indices (> 10%) were not related to age, tu-
mor size, or presence of FAP. Nuclei with peculiar nucle-
ar clearing were negative for Ki-67. Mitotic figures were 

not observed in all cases. Apoptotic cells were evaluated 
in CMV-PTCs of 20 patients, which showed counts of 
2–52 positive cells (mean 12.6) per 10 high-power fields 
(Fig. 3b). Apoptotic cells were also evaluated in the C-
PTCs, which showed counts of 4–21 (mean 10.8%) per 10 
high-power fields. The apoptotic cell counts of the CMV-
PTCs and C-PTCs were not significantly different. In the 
CMV-PTCs, the Ki-67 labeling index was positively cor-
related with apoptotic cell count (r = 0.48, p = 0.030; 
Fig. 4). Age, tumor size, polyposis status, extrathyroidal 
invasion, and nodal metastasis showed no significant cor-
relations with the Ki-67 labeling index or apoptotic cells.

a b

a b

Fig. 2. Case 6. Immunohistochemically, carcinoma cells of the 
CMV of PTC showed nuclear and cytoplasmic expression for 
β-catenin (a; ×200) and nuclear expression for ER (b; ×200).

Fig. 1. Case 6. a Gross finding: the CMV of PTC was well encap-
sulated. b Microscopically, capsular invasion was evident. Hema-
toxylin and eosin stain, ×40.
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Discussion

Ki-67 protein is a nuclear antigen that is present dur-
ing all active phases of the cell cycle (G1, S, G2, and mito-
sis), but is usually absent in quiescent cells (G0) [12]. The 
Ki-67 labeling index has been used extensively as a pro-
liferation marker for a wide variety of tumors. A high Ki-
67 labeling index usually indicates aggressive behavior, 
high-grade malignancy, and/or poor prognosis [8–10]. 
The Ki-67 labeling index is low (< 3%) in more than 90% 
of PTCs, and those patients who have PTC with a Ki-67 

labeling index > 3% show significantly worse cause-spe-
cific survival [9]. Additionally, Ki-67 labeling indices are 
significantly higher in aggressive-type PTCs than in con-
ventional-type PTCs [10, 13, 14].

In this study, we showed that Ki-67 labeling indices in 
CMV-PTCs ranged from 4.8 to 36.4% (mean 15.2%). 
PTCs presenting such high Ki-67 labeling indices have 
generally been regarded as aggressive [10, 13, 14]. Our 
cases, however, showed low incidences of extrathyroidal 
invasion and regional nodal metastasis. Further, none of 
the cases showed distant metastasis at the time of the di-
agnosis. Similarly, it has previously been reported that 
CMV-PTC cases have lower rates of nodal metastases at 
presentation (12%), distant metastases at presentation 
(3%), recurrence (8.5%), and mortality (2%) in compari-
son with cases of C-PTC [2]. Brehar et al. [11] reported 1 
case of CMV-PTC that had a Ki-67 labeling index of 15% 
but showed a good prognosis. In the current study, we 
have provided the first demonstration that there is a gen-
eral discrepancy between the high Ki-67 labeling indices 
and favorable behavior of CMV-PTCs. If high Ki-67 la-
beling indices are directly related to high proliferation of 
carcinoma cells, CMV-PTCs should exhibit mitotic fig-
ures; however, mitotic figures were not observed in all 
cases. The reason for this discrepancy is not clear. It is 
important to remember that a high Ki-67 labeling index 
indicates aggressive behavior, high-grade malignancy, 
and/or poor prognosis – except in cases of CMV-PTC.

False positive reactions, caused by either endogenous 
biotin or other chemical compounds with high affinity 
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Fig. 3. Case 5. a Hematoxylin and eosin stain, ×100. b The CMV of PTC showed a Ki-67 labeling index of 36.4%. 
Immunostaining for Ki-67, ×200. c The apoptotic cell count was 21 per 10 high-power fields. TUNEL staining, 
×200.

Fig. 4. The correlation between Ki-67 labeling indices and apop-
totic cell counts in cases of the CMV of PTC.
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for avidin, can occur in immunohistochemical staining 
[15]. False positive reactions may occur in Ki-67 immu-
nostaining because the nuclei with particular nuclear 
clearing have rich biotin. However, the immunostaining 
technique used in this study did not include avidin or 
streptavidin. In addition, nuclei with peculiar nuclear 
clearing were negative for Ki-67. Therefore, we can assert 
the reliability of the Ki-67 labeling indices noted in the 
current study.

We think that several factors could be responsible for 
the favorable behavior of CMV-PTCs. Most CMV-PTCs 
are encapsulated or well circumscribed, and may present 
capsular invasion [2, 6]. All of the CMV-PTCs that we 
studied were encapsulated, and 52.4% of them showed 
capsular invasion without widespread invasion. Encapsu-
lated PTC exhibits a more indolent biologic behavior 
than C-PTC [16, 17]. Therefore, encapsulation may be 
one of the factors responsible for CMV-PTC’s favorable 
prognosis.

Apoptosis plays a crucial role in developing and 
maintaining the health of the body by eliminating old 
cells, unnecessary cells, and cancerous cells [18]. The 
balance between proliferation and apoptosis may be in-
volved in determining the growth and aggressiveness of 
tumors [19]. Frequencies of apoptotic cells are signifi-
cantly lower in anaplastic thyroid carcinomas than in 
PTCs [19]. We hypothesized that the favorable progno-
sis of CMV-PTC may be due to their extremely high fre-
quencies of apoptotic cells. In this study, we used TU-
NEL staining as a method of detecting apoptosis. The 
results showed no significant difference in apoptotic cell 
counts between CMV-PTCs and C-PTCs. The lack of a 
significant difference might simply be a consequence of 
the small size of the C-PTC group. Ki-67 labeling indices 
and apoptotic cell counts were positively correlated. 
Many studies have consistently reported a positive cor-
relation or association between apoptosis and prolifera-
tion, and generally the extent of apoptosis is not associ-
ated with survival [20]. Thus, we failed to demonstrate 
our hypothesis. 

Immunohistochemically, nuclear β-catenin expres-
sion is characteristic of CMV-PTC, and this reactivity is 
not observed in C-PTC [2, 3, 11, 21]. β-Catenin is a com-
ponent of the Wnt signaling pathway, and its nuclear ac-
cumulation has been shown to play an important role in 
tumorigenesis and increased cell proliferation [22]. Nu-
clear β-catenin accumulation is related to invasion, me-
tastasis, and poor prognosis in colorectal cancers [23]. 
Therefore, this phenomenon does not seem to be directly 
involved in the favorable prognosis of CMV-PTC.

Nuclear ER expression is frequently observed in C-
PTCs [24, 25] and always observed in CMV-PTCs [2, 21]. 
Estrogen is a potent growth factor for PTC, and this 
growth is promoted via the ER [25]. In a study of thyroid 
tumors, Vannucchi et al. [26] reported that ER positivity 
has a significant association with larger tumor size and 
tends to be associated with a higher prevalence of local 
metastases. They also reported a high prevalence of 
BRAFV600E mutations in ER-expressing tumors [26]. 
CMV-PTCs that are positive for nuclear ER expression 
occur exclusively in women, and probably proliferate in 
the presence of estrogen. Based on these findings, the 
presence of nuclear ER expression does not seem to be 
related to the favorable prognosis of CMV-PTC. How-
ever, it is interesting that CMV-PTCs are not found after 
the age of 40 years, when serum estrogen physiologically 
decreases [27]. The fact that CMV-PTC has not been doc-
umented in older patients may indicate that spontaneous 
regression is possible, as has been observed in cases of 
neuroblastoma [28].

In conclusion, this study was the first to demonstrate 
disproportionally high Ki-67 labeling indexes in a large 
number of CMV-PTC cases, despite the fact that these 
cases had favorable prognoses. The favorable prognosis 
of CMV-PTC may be attributable to encapsulation and 
nuclear ER expression. A limitation of this study is that it 
relied on only 1 of the several available methods for de-
tecting apoptosis. Further apoptosis-related investiga-
tions are required to clarify the nature of the Ki-67 dis-
crepancy in cases of CMV-PTC, such as studies using the 
in situ nick translation method, or immunostaining for 
cleaved caspase 3, cleaved PARP, and single-stranded 
DNA.

Statement of Ethics

The study protocol was approved by the Institutional Review 
Board of Kuma Hospital, Hyogo, Japan (approval No. 20180913-1).
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