Experimental
Exp Oncol 2019

41,4,342-345 NCOLOGY

IMMUNOCYTOCHEMICAL CHARACTERISTICS OF THYROCYTES
IN RADIOIODINE REFRACTORY METASTASES OF PAPILLARY
THYROID CANCER
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Kyiv 04114, Ukraine

The aim of the work was to carry out an immunocytochemical (ICC) study of thyroid peroxidase (TPO) and thyroglobulin (Tg)
expression in the punctates of the radioiodine (RI) refractory and RI uptake metastases of thyroid papillary carcinoma (PTC), on the
basis of which it is possible to develop new methods of preoperative prediction of RI resistance and RI therapy efficiency for thyroid
papillary carcinoma metastases. Materials and Methods: The ICC research was carried out on a fine needle aspiration biopsy mate-
rial of 104 metastases that were found after thyroidectomy and RI therapy, i.e. in postoperative period (79 — radioiodine-refractory
metastases, 25 — radioiodine-uptake metastases). The ICC analysis of TPO and Tg expression in PTC was performed with the
use of monoclonal antibodies against TPO and Tg. Results: RI-refractory (RIRM) and RI-uptake metastases of PTC significantly
differ by the percentage of cells expressing TPO and Tg (p < 0.05, and p < 0.05 respectively). The effectiveness of RI therapy
was different for patients with different percentages of TPO-positive cells. Conclusion: A statistically significant difference was
demonstrated in the expression of TPO in a punctates of RlI-resistant and RI-sensitive metastatic TPC, based on which a new
method for preoperative prediction of RI resistance and RI therapy efficiency was developed. It was shown that ICC determina-
tion of Tg expression in metastases is effective in preoperative monitoring of RI resistance of PTC if the part of Tg-positive cells
in punctates is lower than 56%. The comprehensive study of the ICC profile of thyrocytes in RI-uptake metastases punctates allows
us to develop a personified approach to prediction, monitoring and therapy of patients with PTC.
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After the accident at the Chernobyl Nuclear Power
Plant a sharp increase of the thyroid cancer incidence
among adolescents under the age of 18 that lived
in Ukraine, Belarus and Russia in 1986 has been
observed [1, 2]. For 20 years of observation, most
cases of differentiated thyroid cancer (DTC) show
an excellent prognosis for more than 95% of patients
thanks to thyroidectomy and radioiodine (RI) therapy,
based on the unique ability of the thyroid cells to ac-
cumulate RI [3, 4]. Despite the favorable prognosis for
the majority of patients with DTC, in 4—-20% of cases
there is a development of the metastatic Rl refrac-
tory (or resistant) disease, cells in such metastases
are not capable of Rl accumulation, and Rl-therapy
becomes ineffective. Rl refractoriness of thyroid car-
cinoma correlates with a median’s decrease of survival
up to 2.5-3.5 years in patients with distant metasta-
ses [5-7]. The development of radioiodine-refractory
metastases (RIRM) makes it impossible to diagnose
DTC and treat it using Rl. Therefore, it is desirable
to have the possibility to predict as soon as possible
the development of RIRM, because their detection
in proper time increases the chances of patient’s sur-
vival. Predicting the RI ability of metastatic DTC can
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be based on the cytological determination of thyrocyte
features in fine needle aspiration biopsy (FNAB) ma-
terial (punctates) of the RIRM. There are some ideas
about their morphological, immunohistochemical
and molecular characteristics [8-10]. However, there
were no studies on cytological characteristics of FNAB
material of RIRM. Nevertheless, such research could
be useful for developing methods allowing the earliest
preoperative prediction of RIRM of DTC.

The study of antigen expression — thyroid peroxi-
dase (TPO) and thyroglobulin (Tg) which are involved
in the process of Rl accumulation and its retention
in thyrocytes, is of particular interest. Immunohisto-
chemical studies of the thyroid metastases that do not
accumulate Rl showed a significant reduction of Tg,
TPO, corresponding mRNA and association of TPO
expression with BRAF mutation as a demonstration
of thyroid carcinoma aggression [10, 11]. According
to other data, a significant correlation of TPO ex-
pression with the ability to accumulate Rl was found,
however the authors mentioned that it is impossible
to predict Rl accumulation ability by the level of TPO
expression [7]. There are also conflicting data about
Tg expression in the RIRM, the correlation of its
presence in papillary thyroid carcinoma (PTC) cells
and its metastases and the Rl resistance pheno-
menon [12-14].

Consequently, the aim of the work was to find
out the role of TPO and Tg expression abnormality
in PTC cells in the process of Rl resistance develop-
ment, on the basis of which it is possible to develop
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methods for preoperative prediction of Rl resistance
to Rl therapy for PTC. The main task was to conduct
an immunocytochemical (ICC) investigation of TPO
and Tg expression in the puncture material of RIRM
and radioiodine-uptake metastases (RIUM).

MATERIALS AND METHODS

The research was realized on the material of FNAB
of PTC and their metastases under the control of sonog-
raphy at the clinic of State Institution «V.P. Komisarenko
Institute of Endocrinology and Metabolism of the NAMS
of Ukraine». The age of the patients (male and female)
ranged from 8 to 40 years. The informativity of native
samples was assessed by microscopy during FNAB. In-
formational samplesincluded at least 6—9 groups of thy-
rocytes per one object carrier. The research was carried
out on a punctates of 104 metastases that were found
during sonographic and scintigraphic examination af-
ter thyroidectomy and Rl-therapy, i.e. in postoperative
period (RIRM — 79, RIUM — 25).

All patients were informed and provided their
consent on the use of their biological material in the
research.

For ICC, punctates were fixed in methanol, stained
with Romanovsky stain with following antigen re-
covery reaction, developed in our lab [15]. Then the
detection of antigens was conducted with indirect
immunoperoxidase method using mouse monoclonal
antibodies (MCAB) against the following antigens:
Tg — clone RBU/01 (Sigma, USA) and clone DAK-
Tg 6 (DakoCytomation, Denmark), antibody dilution
1:100; TPO (TPO-47, DakoCytomation, Denmark)
dilution 1:50. Monoclonal antibodies against mouse
g-globulins (DakoCytomation, Denmark), dilution
1:100 were used as the second antibodies. After ICC
reaction, cell nuclei were stained with a hematoxylin
solution. Afterwards, at least 1000 thyrocytes were
counted, and the percentage of antigen-positive thy-
rocytes was determined.

Statistical analysis was performed with a non-para-
metric Mann — Whitney U-test and correlation analy-
sis. The calculations were done using Statistica. 11 pro-
gram. The immunopositive cell percentage was
compared in RIRM and RIUM groups using Mann —
Whitney U-test. The differences between the groups
were considered significant at p value < 0.05.

RESULTS AND DISCUSSION

The paucity of RIUM group in comparison with the
RIRM group is due to the fact that such metastases are
visualized on scintigrams with R, after which patients
receive the Rl treatment. The majority of patients with
RIUM are not referred to the FNAB procedure for di-
agnosis, because such metastases are in most cases
successfully treated with Rl and disappear eventually.
At the same time, all patients with RIRM were referred
to the FNAB in case of sonographic suspicion of lymph
node metastases that were not visualized during the
scintigraphic study with RI. It should be noted that the
studies did not require additional invasive interventions
as they were performed on the material for diagnostic

cytological studies. It was possible due to the method
developed earlier in the laboratory of the combination
of cytological and ICC studies on the same speci-
mens [15].

After counting the immunopositive thyrocytes in me-
tastasis punctates, a statistically significant difference
in percentages of cells expressing TPO was detected
between RIRM and RIUM of PTC. According to Mann —
Whitney U-test, these two groups were statistically differ-
ent by thisindex (p < 0.05). Ahigh level of TPO expression
was detected in 77.5% RIUM punctuates (the percent-
age of immunopositive thyrocytes was 65-100%), and
in 12.5% RIUM punctuates this index was 30-46%.
On the contrary, in RIRM samples, TPO expression was
absentin 83% of cases, and in the rest of 17% cases only
6-22% of cells were TPO-positive (Fig. 1, 2).

An analysis of the Rl therapy effectiveness demon-
strated that, despite the fact that all metastases of the
RIUM accumulated R, the effectiveness of Rl therapy
was different in patients with different percentages
of TPO-positive cells. Thus, for 87.5% of patients from
this group, Rl therapy was successful and new meta-
stases did not appear (the percentage of TPO-positive
cellsin punctates of such metastases was higher than
50%). At the same time, 12.5% of metastases lost
the ability to accumulate RI (progress of secondary
RIRM), and eventually were surgically removed; the
percentage of TPO-positive cells was 30-46%. So,
even if the intermediate percentage of TPO-expressing
cells (30-46%) cause a moderate Rl accumulation,
their counts were insufficient for successful Rl therapy.
Explanation of the different Rl therapy efficacy can
be based on the phenotypic heterogeneity of the thy-
rocyte populations in metastases. Probably, a small
percentage of TPO-positive cells is destroyed by Rl,
and TPO-negative cells give rise to secondary RIRM.

According to the data of ICC study of Tg expres-
sion in the RIRM group compared to RIUM, a high
expression of this antigen was detected in 78-100%
of RIUM thyrocytes. At the same time, in the RIRM
group, the percentage of Tg expression varied from
0to 100%. In 17% (10/56) of the patients with RIRM,
Tg expression was observed only in isolated cells or not
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Fig. 1. Distribution of RIUM and RIRM by percentage of cells
containing TPO. p < 0.05
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Fig. 2. Imunocytochemical detection of expression of TPO in punctuates of PTC metastases. a — intense reaction of epithelium
of RIUM, x 400; b — expression of TPO in significant part of the epithelium of RIRM, x 200

observed atall. In 28% of cases, the percentage of Tg-
positive thyrocytes was 78—-100% (16/56), asin RIUM
group. In 55% (30/56) of cases, Tg-positive cells
were observed in 4-75% of the thyrocyte population.
A statistically significant difference in the TG-positive
cells percentage between RIRM and RIUM groups was
shown (p < 0.05). However, in 28% of RIRM of PTC,
this index did not differ from RIUM and constituted
78-100%. At the same time, there were no cases
of Tg absence in the RIUM punctates in comparison
with RIRM. This indicates the possibility of preopera-
tive prediction of RIRM, detected in the postoperative
period, only with the presence of a relatively low TG-
positive percentage of cells (the median level for RIRM
indicator corresponds to 56%) (Fig. 3, 4).
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Fig. 3. Distribution of RIUM T1a RIRM by percentage of cells
containing Tg. p < 0.05

Table. The ICC data on TPO and Tg expression in thyrocytes from punc-
tates of RIAM and RIRM of PTC

ICC data RIUM (25) RIRM (79)
TPO-positive cells (Average = SD, %) 74.08 + 3.56* 2.67+5.83
TPO-positive cells (median, %) 715 0
Tg-positive cells (Average + SD, %) 91.31 £ 1.85* 47.53 £4.99
Tg-positive cells (median, %) 92.5 56

Note: The difference is significant, *p < 0.05.

The ICC data on TPO and Tg expression in thyro-
cytes from punctates of RIAM and RIRM of PTC are
presented in the Table.

The results do not contradict the literature data
according to which all cases with weak Tg expression
of the relapse cells were iodine-negative [16]. It should
be noted that there is a clear heterogeneity of the RIRM
group by the percentage of TG-positive cells in com-
parison with the RIUM group, and there is different
intensity of ICC reaction with Tg antibodies in RIRM
cells — from intense to weak. In several cases, instead
of uniform reaction in the thyrocytes’ cytoplasm there
was observed a granular atypical Tg accumulation.
At the same time, in the RIUM group, the reaction
of the thyrocyte cytoplasm with Tg antibodies was
bright and homogeneous. Thus, not only the number
of Tg-positive cells should be assessed, but also the
intensity of the reaction.

The correlation analysis showed a direct correla-
tion between the percentage of thyrocytes with posi-
tive Tg and TPO expression in the punctates of RIRM
of PTC (r = 0.42). In that way, the assessment of both
antigens expression in the punctates of postoperative
metastases of PTC increases the prediction accuracy
of their Rl resistance in determining the doubtful per-
centage of cells with TPO (35-46%). If the percentage
of Tg-positive cells in this case is not higher than 56%,
then the probability of ineffective Rl therapy increases.
The high probability of RI refractoriness is related
to the low percentage of thyrocytes expressing both
antigens. Also, in 10% of RIRM Tg expression is to-
tally absent or present only in single cells. In several
of these cases, despite the presence of regional DTC
metastases, there was no Tg increase in blood serum,
which is considered as a reliable marker for the PTC
recurrence in the postoperative period. Itis known that
the serum Tg levels depend on the number of tumor
cells that synthesize Tg and on their differentiation
grade [16, 17]. It motivates to monitor more carefully
patients with a high probability of the development
of Rl resistance, determined by prognostic cytological
factors, even after receiving negative scans with Rland
zero-level of serum Tg.
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Fig. 4. Imunocytochemical detection of Tg expression in the PTC metastases punctates. a — intense reaction of epithelium of RIUM,
x 400; b — weak expression of Tg in the thyrocytes of RIRM, x 200

In conclusion, the method of preoperative predic-
tion of RIRM, detected in the postoperative period, was
developed and based on the ICC determination of TPO
expression in FNAB. If the TPO expression is absent
in the punctates of postoperative metastases, it pre-
dicts the Rl resistance, the Rl therapy ineffectiveness
and necessity of their surgical elimination. If the per-
centage in thyrocytes that contains TPO is more than
77.5% (median value), Rl therapy will be successful.
The compatible definition of Tg and TPO in the punc-
tates of postoperative metastases of PTC increases
the prediction accuracy of their Rl resistance.
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