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Abstract

Analysis of Clinical Prognostic
Significance of Cancer Stem Cell
Markers in Patients with Papillary

Thyroid Carcinoma
Yoon-Jong Ryu
Department of Otorhinolaryngology

The Graduate School

Seoul National University

Introduction: Recently, the cancer stem cells (CSCs) model was new era of
excitement in thyroid cancer research, which indicates that a small subset of
CSCs existed in tumor cells may contribute to the initiation, progression and
recurrence of metastatic disease, as well as therapy resistance. The aim of this
study was to evaluated presence of CD44, CD24 and CD133 tumor cells in
papillary thyroid carcinoma (PTC) as marker of aggressiveness and poor

prognosis.

Methods: All patients with PTC, who underwent successful surgical resections
from January 2003 to December 2012 in single tertiary hospital, were included in



this study. Tissue arrays were made with 454 primary tumor tissues.
Immunohistochemistry(IHC) of 3 cancer stem cell markers (CD24, CD44 and
CD133) were applied to corresponding tissue arrays. IHC was graded by
semiquantative histologic scoring considering the extent and intensity of the
staining. IHC results were correlated with clinicopathological characteristics and

with recurrence free survival.

Results: In total 500 patients, 46 cases were recurred during 70 month median
follow-up period. In univariate log rank test of Kaplan Meier survival model, sex
(p=0.010), age (p = 0.005), cN1b (p = 0.000), pN1 > 5 (p = 0.000), pTumor size
> 2 cm (p = 0.000), extrathyroidal extension (p = 0.000), CD24 (-) (p = 0.000)
were prognostic factors for RFS. CSCs marker combinations such as CD44
(+)/CD24 (-), CD24 (-)/CD133 (+), CD44 (+)/CD24 (-)/CD133 (+) also showed

statistically significant in Log Rank test.

Conclusion: Expression of CSC markers CD44 (+), CD24 (-), and CD133 (+) in
tissue samples of PTC correlates with RFS. In particular, the combination of
CD44 (+) and CD24 (-) showed a statistically significant relationship with RFS

and a strong correlation with gross extrathyroidal extension.

Keywords: Papillary thyroid carcinoma, Cancer stem cell, Prognosis,

Immunohistochemistry, CD24, CD44, CD133
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Introduction

Thyroid carcinoma is the most common endocrine malignancy, and its
incidence has recently increased globally. In Korea, the diagnosis of thyroid
carcinoma has also increased rapidly, accounting for 14.2% of all cancers in
2014'. The increase of thyroid cancer is mostly due to the increase of papillary
thyroid carcinoma (PTC). PTC has a very good prognosis, but even after
appropriate treatment, several years to several decades after treatment, 10-20%
of patients experience recurrence, and 2-5% of them develop distant metastasis?.
Since some of the patients who undergo recurrence will eventually die of cancer,
the establishment of prognostic factors for recurrence is an important part of the

treatment of PTC.

Recently, the cancer stem cells (CSCs) model has ushered in a new era of
excitement in thyroid cancer research, which indicates that a small subset of
CSCs existed in tumor cells may contribute to the initiation, progression and
recurrence of metastatic disease, as well as therapy resistance3.
Characterization of CSCs composition within tumors can provide novel target
therapeutic models using this cell specificity, and eventually improve the survival
of patients with aggressive thyroid cancer. The development of novel CSCS-
targeted strategies for anti-tumor therapy relies on the identification of CSCs
specific biomarkers®. With advancement of knowledge, the well-accepted cancer
stem cell surface markers are CD44, CD24, CD133, CD166, EpCAM, and so

forth, in different tumors including breast, lung, pancreas, prostate, colorectal,



renal, and ovarian, while the prognostic value of these markers is still under

investigation. CSCs®.

CD44 is a cell surface glycoprotein that is expressed on lymphocytes,
monocytes and granulocytes, and has been recognized as a CSC marker in
breast, pancreas, and head and neck cancer’:8. CD24 is a small cell surface
protein molecule anchored by glycosyl-phosphotidyl-inositol in a wide variety of
cancer cells. It is heavily glycosylated and functions in cell-cell and cell-matrix
interactions. The inverse relationship between CD24 expression and
tumorigenicity has been well documented by Pruszak et al®. CD133, also known
as prominin-1, is a five-transmembrane domain glycoprotein specifically
expressed on the surface of hematopoietic stem and progenitor cells. Previous
studies have shown that CD133 is a marker of CSCs in different types of cancer

including brain tumors, colon cancer and melanoma'%-'2,

In addition, CD44 and CD24 have been used extensively in combination or with
other putative markers to isolate CSCs from solid tumors. But the levels of CD44
and CD24 expression show great variation between cell lines even in cells of the
same cancer subtype®. In Human breast cancer, CD44 (+)/CD24 (-) cells were
well recognized as a CSCs, but in ovarian and colorectal cancer it showed
ambiguity. CD44 is expressed in almost all normal and cancer cells leading to
discrepancy and reflecting the ambiguity regarding functional aspects's. In Our
previous study'™ also showed high levels of CD44 expression in most cases. So
CD44 alone appears to be insufficient for identifying stem cell populations in PTC.
Therefore, the combination of CD24 with the proved inverse proportion to the
tumorigenicity was proposed as the CSCs marker of PTC.
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To the best of our knowledge, there are no studies on the relationship between
cancer stem cells and clinical prognosis in PTC. The present study evaluated
presence of CD44, CD24 and CD133 tumor cells in PTC as marker of

aggressiveness and poor prognosis.



Materials and Methods

Subjects and tissue samples

From July 2003 to December 2012, 500 consecutive PTC patients with a tumor
size greater than 1 cm, who underwent successful surgical resection by single
experienced surgeon in Seoul National University Bundang Hospital were
enrolled in this study. Patients with underwent previous treatment or those who
were unable to follow up at least 6 months were excluded. This study was
approved by the institutional review board at Seoul National University Bundang
Hospital (No. B-1507/306-310). The paraffin blocks of the surgical specimens
were examined by two pathologists, Choi JY and Lee KY. Since paraffin blocks
of primary tumor tissues were not available in 46 patients, the paraffin blocks of

454 patients were selected to make a tissue microarray (TMA).
Tissue microarray

After review of the 454 tumor tissues, the representative core tissue sections (2
mm in diameter) were taken from paraffin blocks and arranged in new TMA
blocks using a trephine apparatus (Superbiochips Laboratories, Seoul, Korea).
The detailed description of the TMA construction can be found at homepage of
the company (http://www.tissue —array.com). After the TMA blocks were
constructed, the blocks were sectioned with thickness 4 pm for

immunohistochemistry (IHC).

IHC staining



This study evaluated the expressions of three proteins for the tumor tissues;
CD44, CD24, and CD133. For IHC, antibodies for the following molecules were
used in this study; CD44 (1:600, BOSTER Biological Technology Co., Ltd. CA,
USA), CD24 (1:50, abcam, Cambridge, MA, USA), CD133 (1:200, Biorbyt Ltd.
Cambridgeshire, United Kingdom). CD44 was rabbit monoclonal antibodies.
CD24 was mouse monoclonal antibodies. CD133 was rabbit polyclonal

antibodies.

Using the Discovery XT automated immunohistochemistry stainer (Ventana
Medical Systems, Inc., Tucson, AZ, USA), slides were stained as follow
procedure. Detection was done using the Ventana Chromo Map Kit (Ventana
Medical Systems).Sections were deparaffinized using EZ Prep solution. CC1
standard (pH 8.4 buffer contained Tris/Borate/EDTA) was used for antigen
retrieval. inhibitor D(3% H202, Endogenous peroxidase) was blocked for 4 min
at 37°C temperature. Slides were incubated with Primary antibodies for 32 min at
37°C, and a secondary antibody of (Omimap anti Mouse ) for 20 min at 37°C.
Slides were incubated in DAB+ H202 substrate for 8 min at 37°C followed by
Hematoxylin and Bluing reagent counterstain at 37°C. Reaction buffer ( pH 7.6

Tris buffer) was used as washing solution.

IHC grades

Immunostaining was evaluated by two independent pathologists who were blind
to the experimental design, and the scores were determined semiquantitatively,
based on staining intensity and proportion. IHC expression was graded

according to the following criteria: 0 (no staining); 1 (weak ); 2 (moderate); and 3

5



(strong)'®. Points less than equal or one was marked as negative ( - ), and more

than one points were marked as positive ( + ) for statistical analysis.
Statistical analysis

Pearson's chi-square test was used to analyze the relationship between
expressions of IHC and clinicopathological data. The recurrence free survivals
(RFS) were investigated with positive and negative expressions of IHC by
univariate log rank test in Kaplan Meier survival analysis. Also multivariate cox
regression test was performed to identify factor affecting RFS. Results of all
statistical tests were defined with the statistical significance at p < 0.05 and the
marginal significance at p < 0.10. SPSS (Version 19.0; SPSS, Inc., Chicago, IL)

was used for the statistical analysis.



Results

Clinical characteristics

In total, 500 patients with PTC were included in our study. Relevant
demographic, clinical, and pathological data, as well as management and
survival of the patients were retrieved and summarized in Table 1. There were
more female PTC patients than male patients (384 (76.8 %) vs. 116 (23.2 %)).
Their age ranged from 10 to 87 (median 48.0) years. Ninety nine patients
(19.8 %) were under 60 years, and remaining 401 patients (80.2 %) were over
60 years old. Ninety nine patients (19.8 %) were suspected to have lateral lymph
node metastasis at the time of diagnosis. Histopathologically, 307 patients
(61.4 %) had lymph node metastasis less than 5 and 108 patients (21.6 %) had
more than 5 lymph node metastasis. According to TNM staging system, there
were 118 Patients (23.6 %) in T stage |, 17 (3.4 %) in Il, 358 (71.6 %) in lll, and 7
in 1V (1.4 %). There were 367 patients (73.4 %) with primary tumors less than 2
cm in size and 133 patients (26.6 %) with tumors larger than 2 cm, and 225
(45.0 %) patients showed multifocality. One hundred thirty seven patients
(27.4 %) had no extrathyroidal extension, 254 (50.8 %) had microscopic
extrathyroidal extension, and 109 (21.8 %) had gross extrathyroidal extension.
Total thyroidectomy was performed in most patients (94.6 %). Central lymph
node dissection was performed in 309 patients (61.8 %), of which 101 patients
(20.2 %) underwent lateral lymph node dissection. The median follow-up period

was 70 months and two patients died due to other causes.



Thyroid cancer recurred in 46 patients (9.2 %). Median time to first recurrence
was 22 months. The recurrence site was 2 cases of Thyroid remnant or bed, 8
cases of central lymph node area, 34 cases of lateral lymph node area, and 7

cases of distant metastasis.
Correlation of IHC results with clinical data in PTC patients

In most analysis, there was no statistically significant relationship between
single stem cell markers alone and clinicopathological data, but Age (p = 0.001),
extrathyroidal extension (p = 0.039) and cancer recurrence (p = 0.000) were

statistically negative correlation with CD24. (Table 2.)

The correlation of the combined status of CD44 (+), CD24 (-), CD133 (+) with
clinicopathological data in PTC patients was further performed. Our results
showed that there was a statistically significant relationship between recurrence
of cancer in all combinations of CSCs maker except CD44 (+)/CD133 (+).
Especially, the combination of CD44 (+)/CD24 (-) also showed a significant

relationship with age and gross extrathyroidal extension. (Table 3.)
Recurrence free survival according to the clinical data and IHC

Recurrence free survival (RFS) curves were shown in Figure 1 according to the
clinical data and IHC results. In univariate log rank test of Kaplan Meier survival
model, sex (p = 0.010), age (p = 0.005), cN1b (p = 0.000), pN1 > 5 (p = 0.000),
pTumor size > 2 cm (p = 0.000), extrathyroidal extension (p = 0.000), CD24 (-) (p
= 0.000) were prognostic factors for RFS. CSCs marker combinations such as
CD44 (+)/CD24 (-), CD24 (-)/CD133 (+), CD44 (+)/CD24 (-)/CD133 (+) also

8



showed statistically significant in Log Rank test. In multivariate analysis, CD44

(+)/CD24 (-) showed statistically significance with hazard ratio 5.048. (Table 4.)



Disscussion

In general, the results of cancer prognosis and treatment efficacy are ultimately
determined according to the survival of the patient, and the criteria for staging
are determined based on factors related to survival. However, in the case of
differentiated thyroid carcinoma, the progression is very slow and even in the
case of recurrence, there is some possibility of cure through reoperation and
treatment with radioactive iodine. Even if it is not cured, it can bring about a very
long considerable degree of palliation. Therefore, in the case of differentiated
thyroid carcinoma, it may be a limitation to determine the prognosis based on
survival alone, and considering the recurrence free survival may be a more
reasonable approach™. In our study, no one died of papillary thyroid cancer
during the 70-month median follow-up period, and recurrence rate was 9.2 %,

similar to other prognostic studies'”.

CSCs are a small subpopulation of cancer cells characterized by self-renewal,
with the capacity to differentiate into several tumor cell types and metastasize'®.
Bonnet and Dick first reported the existence of a CSC population in 1997. They
identified a population of leukemic stem cells in human acute myeloid leukemia
and demonstrated that CSCs initiated leukemia in NOD/SCID mice?. Since then,
in 2003, Al-Haj et al has announced a proof of CSCs in breast cancer which was
the first to demonstrate CSCs in solid tumors?. Subsequently, CSCs have been
identified in a number of other solid tumors, including tumors in the brain,

prostate, colon, head and neck, lung, melanoma, liver, ovary and pancreas?'.

10



The thyroid CSCs are can distinguished by the expression of biomarker, and
ability to produce thyrospheres in vitro, and ability to make tumors in vivo?. Zito
et al first attempted to isolate CSCs in 2008, and analyzed the expression of
CD133 by flow cytometry in thyroid cancer cell lines*. Subsequently, Friedman et
al demonstrated that the transplantation of CD133 (+) cells into immunodeficient
NOD/SCID mice was sufficient to induce tumor growth in vivo23. Our previous
study'* focused on CD44 and CD24, which are CSC markers for some cancers,
including breast and colon?4. Using cancer cell lines (the original TPC1 cell line
and its derivatives), we found higher numbers of CD44 (+)/CD24 (-) cells in the
more aggressive cell lines (positivity rates being 86% in highly tumorigenic TPC-
1Mice cells, >73% in moderately tumorigenic TPC-1SC2 cells, >21% in parental,
poorly tumorigenic TPC-1 cells). Subsequently, using dispersed cells from
thyroid cancers, we determined that 4-70% cells were CD44 (+)/CD24 (-), the
cells formed spheres, CD44 (+)/CD24 (-) but not CD44 (+)/CD24 (+) cells from
these spheres were spherogenic, and the cells derived from thyrospheres (at

least 1 x 104) formed tumors following orthotopic injection.

However, these results were considered controversial, as Schweppe et al?
evaluated 40 thyroid cancer cell lines using short tandem repeat and single
nucleotide polymorphism array analyses, and reported that a number of the cell
lines have been widely used in the thyroid cancer field were not only redundant ,
but not of thyroid origin. The result that most cell lines of thyroid cancer are
cross-contaminated indicates the limitations of using existing cell lines in thyroid
cancer stem cell research. Furthermore, the significance of CD133 as a thyroid

CSC marker is also controversial. CD133 mRNA was expressed in spheres from

11



dispersed thyroid cancer cells?6. CD133 protein was expressed in a FRO cell line
but not in a TPC cell line?3 and not in eight cell lines including FRO-mBRAF?” and
cancer-derived thyrospheres/tumors?8. Therefore, it is necessary to identify
thyroid CSCs in human thyroid tissue specimens and to study them. Also IHC
evaluation using CSC markers is clearly less common than in vitro and in vivo
experiments. So this study was conducted using PTC surgical specimens with

tissue microarray and IHC which were developed and generalized.

As far as we know, this study is the first to analyze the relationship between
CSCs and clinical prognosis of PTC. In our study, the CSCs markers IHC results
were not correlated with the prognostic factors of commonly known in PTC
patients, except for the presence of gross extrathyroidal extension. Recently, the
AJCC 8th edition for different thyroid cancer downstages a significant number of
patients by raising the age cut off from 45 years of age at diagnosis to 55 years
of age. This change was confirmed by a good prognosis in young people aged
45 to 55 years in international multi-institutional validation study of 9484
patients?®. Similarly, in our study, there was no difference in IHC outcome and
prognostic analysis at index age 45 years. However, when the index age was

increased to 60 years, the differences in CD44 (+)/ CD24 (-), was confirmed.

With Kaplan-Meier analysis we found that there were a significant negative
relationship between RFS and CD24 expression. CD44 and CD133 showed
positive correlation with RFS, but statistically not significant. In addition, CSCs
marker combination analysis including CD44 (+)/CD24 (-) showed statistically
significant correlation with RFS. These results are consistent with the findings of
Yalan et al., in which the IHC results of CD44 (+)/CD133 (+) in medullary thyroid

12



carcinoma correlate with survival®, and that CD44 (+)/ CD24 (-) are associated
with prognosis in patients with other carcinomas such as breast3°. However, the
combination of CD24 (-)/CD133 (+) and CD44 (+)/CD24 (-)/CD133 (+) is
considered to have a limited clinical application because of the small proportion

of cases.

At present, surgery, radiation therapy, chemotherapy and hormonal therapy are
used to treat thyroid cancer; however, these treatments often exhibit limited
efficacy. Conventional therapies target highly proliferating cells that form the
majority of the tumor mass, but they are ineffective against slowly proliferating or
quiescent CSCs, which are responsible for drug resistance, metastasis and
recurrence®!. However, the clinical importance of presence of CSCs markers,
evaluated with IHC, remains uncertain. Because of their plasticity, whether the
cells positive for these markers are actually CSCs is unknown. Even if IHC
evaluation precisely reflects cancer stemness, the overall interpretation of such
data would still be challenging®. But these efforts should be continued because
of the ability to identify, isolate and study thyroid CSCs has a number of

implications with potential novel therapeutic consequences.

13



Conclusion

Expression of CSC markers CD44 (+), CD24 (-), and CD133 (+) in tissue
samples of PTC correlates with RFS. In particular, the combination of CD44 (+)
and CD24 (-) showed a statistically significant relationship with RFS and a strong
correlation with gross extrathyroidal extension. Thus we would suggest CD44
(+)/ CD24(-) expression for evaluating prognosis associated to recurrence free

survival in PTC.

14



10.

11.

References

National_Cancer_Information_Center. Korea cancer registry statistics 2014.
Available at:
http://www.cancer.go.kr/mbs/cancer/subview.jsp?id=cancer_040101000000.
Haugen BR, Alexander EK, Bible KCet al. 2015 American Thyroid Association
Management Guidelines for Adult Patients with Thyroid Nodules and

Differentiated Thyroid Cancer The American Thyroid Association Guidelines
Task Force on Thyroid Nodules and Differentiated Thyroid Cancer. Thyroid
2016; 26:1-133.

Guo Z, Hardin H, Lloyd RV. Cancer stem-like cells and thyroid cancer. Endocr-
Relat Cancer 2014; 21:T285-T300.

Zito G, Richiusa P, Bommarito Aet al. In Vitro Identification and
Characterization of CD133(pos) Cancer Stem-Like Cells in Anaplastic Thyroid
Carcinoma Cell Lines. Plos One 2008; 3.

Bi YL, Meng YX, Wu HW, Cui QC, Luo YF, Xue XW. Expression of the potential
cancer stem cell markers CD133 and CD44 in medullary thyroid carcinoma: A
ten-year follow-up and prognostic analysis. J Surg Oncol 2016; 113:144-151.
Jaggupilli A, Elkord E. Significance of CD44 and CD24 as Cancer Stem Cell
Markers: An Enduring Ambiguity. Clin Dev Immunol 2012.

Li CW, Heidt DG, Dalerba Pet al. Identification of pancreatic cancer stem cells.
Cancer Res 2007; 67:1030-1037.

Prince ME, Sivanandan R, Kaczorowski Aet al. Identification of a subpopulation
of cells with cancer stem cell properties in head and neck squamous cell
carcinoma. P Natl Acad Sci USA 2007; 104:973-978.

Pruszak J, Ludwig W, Blak A, Alavian K, Isacson O. CD15, CD24, and CD29
Define a Surface Biomarker Code for Neural Lineage Differentiation of Stem
Cells. Stem Cells 2009; 27:2928-2940.

Singh SK, Hawkins C, Clarke IDet al. Identification of human brain tumour
initiating cells. Nature 2004; 432:396-401.

Ricci-Vitiani L, Lombardi DG, Pilozzi Eet al. Identification and expansion of

15



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

human colon-cancer-initiating cells. Nature 2007; 445:111-115.

Monzani E, Facchetti F, Galmozzi Eet al. Melanoma contains CD133 and
ABCG2 positive cells with enhanced tumourigenic potential. Eur J Cancer 2007;
43:935-946.

L. Du HW, L. He. CD44 is of functional importance for colorectal cancer stem
cells. Clin Cancer Res 2008; 14:6751-6760.

Ahn SH, Henderson YC, Williams MD, Lai SY, Clayman GL. Detection of Thyroid
Cancer Stem Cells in Papillary Thyroid Carcinoma. J Clin Endocr Metab 2014;
99:536-544.

Nickolay Fedchenko JR. Different approaches for interpretation and reporting
of immunohistochemistry analysis results in the bone tissue — a review.
Diagnostic Pathology 2014; 9.

Won Gu Kim EYK, Ji Hye Yim, Ji Min Han, Min Ji Jeon, Tae Yong Kim, Jin Sook
Ryu, Gyungyub Gong, Suck Joon Hong, Won Bae Kim, Young Kee Shong.
Comparison of Different Staging Systems for Predicting Recurrence of
Papillary Thyroid Carcinoma. Endocrinol Metab 2011; 26:53-61.

Yul Hwangbo JMK, Young Joo Park, Eun Kyung Lee, You Jin Lee, Do Joon Park,
Young Sik Choi, Kang Dae Lee, Seo Young Sohn, Sun Wook Kim, Jae Hoon
Chung, Dong Jun Lim, Min Hee Kim, Min Joo Kim, Young Suk Jo, Min Ho
Shong, Sung-Soo Koong, Jong Ryeal Hahm, Jung Hwa Jung and Ka Hee Yi.
Long-Term Recurrence of Small Papillary Thyroid Cancer and Its Risk Factors
in a Korean Multicenter Study. J Clin Endocrinol Metab 2017; 102:625-633.
Shiozawa Y, Nie BA, Pienta KJ, Morgan TM, Taichman RS. Cancer stem cells
and their role in metastasis. Pharmacol Therapeut 2013; 138:285-293.

Bonnet D DJ. Human acute myeloid leukemia is organized as a hierarchy that
originates from a primitive hematopoietic cell. Nat Med 1997; 3:730-737.
Al-Haj JM WM, Benito-Hernandez A, Morrison SJ, Clarke MF. Prospective
identification of tumorigenic breast cancer cells. Proc Natl Acad Sci USA 2003;
100:3983-3988.

Vicari L, Colarossi C, Giuffrida D, De Maria R, Memeo L. Cancer stem cells as a

potential therapeutic target in thyroid carcinoma. Oncol Lett 2016; 12:2254-

16



22.

23.

24.

25.

26.

27.

28.

29.

30.

31

2260.

Nagayama Y, Shimamura M, Mitsutake N. Cancer Stem Cells in the Thyroid.
Front Endocrinol 2016; 7.

Friedman S, Lu M, Schultz A, Thomas D, Lin RY. CD133(+) Anaplastic Thyroid
Cancer Cells Initiate Tumors in Immunodeficient Mice and Are Regulated by
Thyrotropin. Plos One 2009; 4.

Sahlberg SH, Spiegelberg D, Glimelius B, Stenerlow B, Nestor M. Evaluation of
Cancer Stem Cell Markers CD133, CD44, CD24: Association with AKT Isoforms
and Radiation Resistance in Colon Cancer Cells. Plos One 2014; 9.

Schweppe RE, Klopper JP, Korch Cet al. Deoxyribonucleic Acid Profiling
Analysis of 40 Human Thyroid Cancer Cell Lines Reveals Cross-Contamination
Resulting in Cell Line Redundancy and Misidentification. J Clin Endocr Metab
2008; 93:4331-4341.

Malaguarnera R, Frasca F, Garozzo Aet al. Insulin Receptor Isoforms and
Insulin-Like Growth Factor Receptor in Human Follicular Cell Precursors from
Papillary Thyroid Cancer and Normal Thyroid. J Clin Endocr Metab 2011;
96:766-774.

Shimamura M, Nagayama Y, Matsuse M, Yamashita S, Mitsutake N. Analysis of
multiple markers for cancer stem-like cells in human thyroid carcinoma cell
lines. Endocr J 2014; 61:481-490.

Todaro M, lovino F, Eterno Vet al. Tumorigenic and Metastatic Activity of
Human Thyroid Cancer Stem Cells. Cancer Res 2010; 70:8874-8885.

Tuttle R. Michael HB, Perrier Nancy D. Updated American Joint Committee on
Cancer/Tumor-Node-Metastasis Staging System for Differentiated and
Anaplastic Thyroid Cancer (Eighth Edition): What Changed and Why? Thyroid
2017; 27:751-756.

Horimoto Y, Arakawa A, Sasahara Net al. Combination of Cancer Stem Cell
Markers CD44 and CD24 Is Superior to ALDH1 as a Prognostic Indicator in
Breast Cancer Patients with Distant Metastases. Plos One 2016; 11.

Eramo A, Haas TL, De Maria R. Lung cancer stem cells: tools and targets to
fight lung cancer. Oncogene 2010; 29:4625-4635.

17



mjr
K
1/d]
i

7|MlZ7F ol

AETIME DHS A M E0| EXHFH

ME:

olo
o<

M

—r
1o

o

e}
o

oLzt xI2 XMEolxT
A7 2ofele| MER YAHo=E

=
10

Hﬁ

70

=

7_|I-.T'6I- =12

o]
ol
r

0l
or

Ljr
o

i

HE

59

=1
=

Mxt=

0| 2470 A{ CD 44, CD24, CD1339]

o
T

Ml

£ %l of=

ol
A

CIXIZ2 A 2|O|7t

k=
e

efof A2l o

o
P T

U

=

| CD44 (+)2 CD24 (-)

=13
al

Ht =
=23

y

=

oIME Y

0.000),
I.

[<]
=

F 2323 HAEOM
XIRb =

37kX| SEETIA

AL
L

°

k=3

=
ZE

0.000), CD24 (-) (p = 0.000)7}

IXtQAC. CD44 (+) / CD24 (-), CD24 (-) / CD133 (+),

| o

0.000), pN1> 5 (p

tQict. of
(p

[

1eH

XtollMd 70 7H

I

—

0.000),

0.010),L+0| (p = 0.005), cN1b (p

& 500 FHo|

I

E: I4M 5 oM & E7IME EXIXRI CD44 (+), CD24(-),

FA7|>2cm (p

o
CD44 (+) / CD24 (-) / CD133 (+)2F Z2 & E7IA|

Mz 2 2 2003 AR E 2012HTHK]
FEL0| MYEALCE. Kaplan Meier &

X|XH(CD44, CD24, CD133)29]
g8 (p

<

Zd 1}

(@)

7t
=

X2 LIEtR 2

k=
e

ol
ol

Ki

ol

18



iy

=1

—

=N
<0

10l
~NO

I

o}
=

o}
=

FR04:

2tH: 2013-23489

19



TABLE 1 Clinical characteristics of study patients (n = 500)

Variable N (%)
Sex
Male 116 (23.2)
Female 384 (76.8)
Age at operation, median (range), years 48.0 (10-87)
60< 99 (19.8)
60> 401 (80.2)
cN1b 99 (19.8)
pN1
<5 307 (61.4)
>5 108 (21.6)
pTstage
pT1/T2/T3/T4 118/17/358/7
(23.6/3.4/71.6/1.4)
Pathologic tumor size, median (range), 1.4 (0.3-7.0)
cm
<2 367 (734)
>2 133 (26.6)
Multifocality 225 (45.0)
Extrathyroidal extension
No 137 (27.4)
Microscopic 254 (50.8)
Macroscopic 109 (21.8)

Surgery

First relapse

Lobectomy/total thyroidectomy
CND/CND plus LND

Thyroid remnant or bed
Central compartment LN

Lateral compartment LN

27/473 (5.4/94.6)
309/101 (61.8/20.2)

2 (04)
8 (1.6)
34 (6.8)



Distant site
Median time to first relapse 22 (2-101)
(range), months
Follow-up information
Median follow-up (range), months 70 (6-141)

Death (index cancer/other causes)

7 (14)

0/2 (0/0.4)

CND central compartment neck dissection, LN lymph node, LND lateral compartment neck dissection, pTNM pathologic tumor-node-metastasis

stage (AJCC, 7th ed))



TABLE 2 Correlation of CD44, CD24, and CD133 with Clinical Data in PTC Patients

Negative  Positive X2 p Negative  Positive X2 P Negative Positive X2 p
Age(years)
60< 8 82 0.590 0.574 50 44 11.889 0.001 84 8 0.081 1.000
60> 41 308 125 244 327 35
Sex
Male 13 91 0.246  0.597 40 69 0.073  0.822 92 15 3.376 0.087
Female 36 299 135 219 319 28
Tumor size
<2 34 287 0391  0.608 132 206 0.840  0.389 297 35 1.652 0.277
>2 15 103 43 82 114 8
cN1b
No 41 306 0714 0461 136 233 0.684 0407 322 38 2.384 0.165
Yes 8 84 39 55 89 5
pN1
<5 32 235 1832 0252 111 169 0.964 0352 254 23 0.187 0.684
>5 7 92 47 57 93 10
Multifocality
No 29 211 0454  0.545 91 165 1233 0289 224 26 0.560 0.521
Yes 20 179 84 123 187 17
Extrathyroidal
extension
No + Micro 40 302 0445  0.587 127 233 4368  0.039 319 33 0.017 0.850
Macro 9 88 48 55 92 10
Recurrance
No 48 352 3191 0.105 148 274 15061 0.000 378 37 1.740 0.245
Yes 1 38 27 14 33 6




TABLE 3 Correlation of CD44(+)/CD24(-), CD44(+)/CD133(+), CD24(-)/CD133(+), and CD44(+)/CD24(-)/CD133(+) with Clinical Data in PTC Patients

CD44(+)/CD24(-) CD44(+)/CD133(+) CD24(-)/CD133(+) CD44(+)/CD24(-)/CD133(+)
No Yes X2 P No Yes X2 P No Yes X2 P No Yes X2 P
Age(years)
60< 45 44 9.079  0.004 82 8 0.000  1.000 87 4 0244 0541 85 0.885 0.312
60> 235 112 316 31 349 12 338 9
Sex
Male 68 36 0.081 0.815 90 14 3456  0.076 101 6 1755  0.228 99 5 1.574 0.202
Female 212 120 308 25 335 10 324 8
Tumor size
<2 203 116 0.176 0.675 288 31 0915 0450 318 13 0544 0576 309 10 0.096 1.000
>2 77 40 110 8 118 3 114 3
cN1b
No 225 120 0.715 0.393 311 34 1746 0221 346 13 0.034 0854 335 10 0.039 0.739
Yes 55 36 87 5 90 3 88 3
pN1
<5 165 99 1.065 0.335 246 19 0.845 0.386 266 9 1281 0.251 258 6 3.232 0.096
>5 56 43 89 10 97 93
Multifocality
No 161 78 2275 0.134 216 23 0317 0.616 238 11 1251 0314 230 1124 0.399
Yes 119 78 182 16 198 5 193
Extrathyroidal
extension
No + Micro 227 113 4351  0.041 310 30 0019 0.842 341 10 2195 0216 333 4.546 0.044
Macro 53 44 88 9 95 6 90
Recurrance
No 268 129 20.858  0.000 365 33 2199 0142 402 11 10.767  0.008 389 8 14.333 0.003
Yes 12 27 33 6 34 5 34 5




TABLE 4 Multivariate analysis for recurrence-free survival

Subjects Hazard Ratio 95% CI P-value
Age (>60) 1.635 0.759-3.519 0.209
Sex (Male) 2.242 1.116-4.505 0.023
Size (>2cm) 2.544 1.123-5.763 0.025
cN1b 2.592 0.885-7.594 0.083
pN1 (>5) 2633 0.882-7.863 0.083
Gross ETE 0.812 0.358-1.842 0.618
CD44(+)/CD24(-) 5.048 2.313-11.016 0.000

95% CI, 95% Confidence Interval; P, significant level for Cox-regression test



Figure 1 Kaplan-Meier estimates showing recurrence-free survival(RFS) according to the clinical data and immunohistochemistry
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Figure 2 Immunohistochemical staining pattern of PTC

A: CD44 Positive Control - Human Tonsil B: CD44(-) C: CD44(+)

D: CD24 Positive Control - Human Tonsil E: CD24(-) F: CD24(+)



G: CD133 Positive Control — Human Kidney H: CD133(-) I CD133(+)
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