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Quantitative analysis of the morphological structures of intranuclear inclusion bodies and

nuclei in papillary thyroid carcinoma
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Abstract: Objective To quantify the geometrical and structural features of intranuclear inclusion bodies and nuclei in
papillary thyroid carcinoma, and to provide quantitative diagnostic parameters for the pathological diagnosis of papillary
thyroid carcinoma. Methods A total of 100 cases of thyroid papillary carcinoma were sectioned and stained with
hematoxylin-eosin (HE). The images of inclusion bodies and nuclei were collected using a 40x objective lens, and their
geometrical and structural features, including area, perimeter, long axis, short axis, Form PE, Form AR, common form
factor (RFF), axial ratio, the area density of inclusion bodies and area ratio of inclusion bodies to the nucleoplasm, were
obtained using Image-Pro Plus. Results (1) The area of intranuclear inclusion bodies in papillary thyroid carcinoma was
approximately (13.57549.045) um* (95% CI 13.339-13.810), and their area density in the nuclei was approximately
25.761%+10.683% (95% CI 25.483-26.039). The perimeter of the inclusion bodies was approximately (12.720+4.275) um
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(95% CI 12.609-12.831 pum), with a long axis of (4.547+1.466) um (95% CI 4.509~4.585) and a short axis of (3.482+1.178)
um (95% CI 3.451-3.512 pum). The axis ratio was approximately 0.772+0.121 (95% CI 0.769-0.775); Form PE, Form AR and
RFF were approximately equal to 1; and the area ratio of inclusion bodies to the nucleoplasm was approximately 0.380+0.237
(95% CI 0.374-0.386). The coefficients of variations were 66.6%, 33.6%, 32.2% and 33.8% for the area, perimeter, long axis
and short axis, respectively. (2) The area, perimeter, long and short axes, and their corresponding coefficients of variations
were significantly greater in cancer cells with intranuclear inclusion bodies than in nuclei without intranuclear inclusion
bodies (P<0.05). (3) The frequency distributions of the area, perimeter, long and short axes of intranuclear inclusion bodies,
nuclei containing intranuclear inclusion bodies and nuclei without intranuclear inclusion bodies were all positively skewed.
Conclusion (1) The intranuclear inclusion bodies in papillary thyroid carcinoma is roughly circular, with approximately 1/4
of the nucleus area and 1/2 of the nucleus perimeter, long axis, and short axis. These parameters all exhibited a large degree of
variation. (2) The heterogeneity of the nucleus of carcinoma cells with inclusion bodies is apparent, and should be pay

attention to during diagnosis. (3) The frequency distribution of the above mensioned parameters of inclusion bodies and

nuclei are positively skewed.

Keywords: papillary thyroid cancer; nucleus; inclusion body; morphometry; quantitative pathology
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Figure 3 Morphological structures of papillary thyroid carcinoma

tissues and intranuclear inclusion bodies
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Table 1 Test results of the plane geometric parameters of cell nuclei in papillary thyroid

carcinoma and the intranuclear inclusion bodies (Mean+SD)

£ AL Porewmi Brwmi P'fE
T/ pm? 13.575+9.045 42.854+15.091  52.078+20.960  0.000
Jat/pm 12.720£4.275  23.516%3.975 25.566+5.006  0.000
K Ali/pm 4.547+1.466 8.644+1.522 9.108+1.866  0.000
S %/ wm 3.482+1.178 6.177+1.362 7.062+1.483  0.000
i 0.772+0.121 0.722+0.136 0.783+0.113  0.000
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Figure 4 Frequency distributions of morphological and structural parameters of intranuclear inclusion bodies and nuclei
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Table 2 Range, median, confidence interval and coefficient of variation of plane geometric parameters of intranuclear inclusion bodies

ZH ¥fH i 22 LRIR 4 99% I {5 X [1] 95% ] {5 X.[1] 5 R %
TR/ pm? 13.575 9.045 11.225 13.265~13.884 13.339~13.810 66.6
JAK/pm 12.720 4275 11.945 12.574~12.866 12.609~12.831 33.6
Kfih/pm 4.547 1.466 4301 4.497~4.597 4.509~4.585 322
St/ pom 3.482 1.178 3.305 3.441~3.522 3.451~3.512 33.8
Al 0.772 0.121 0.786 0.768~0.776 0.769~0.775 15.7
Form PE 0.994 0.115 1.015 0.990~0.998 0.991~0.997 11.5
Form AR 1.023 0.081 1.025 1.020~1.026 1.021~1.025 7.9
RFF 1.026 0.087 1.037 1.023~1.029 1.024~1.028 8.5
T AL TR THT AR 2 /% 25.761 10.683 24.094 25.396~26.126 25.483~26.039 41.5
A TR A 55 B TR L 0.380 0.237 0.317 0.372~0.388 0.374~0.386 62.3
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Table 3 Range, median, confidence interval and coefficient of variation of plane geometric parameters of cell nuclei

without intranuclear inclusion bodies

2 HfH P22 LRI 99% ] {5 X.[H] 95% ] {5 X.[H] 5 R %
T A/ um? 42.854 15.091 40.665 42.415~43.292 42.520~43.187 352
JAK/pm 23.516 3.975 23.187 23.401~23.632 23.428~23.604 16.9
KAl/pm 8.644 1.522 8.525 8.600~8.688 8.610~8.678 17.6
i/ wm 6.177 1.362 6.102 6.138~6.217 6.147~6.207 22.1
Liiled 0.722 0.136 0.730 0.718~0.726 0.719~0.725 18.9
Form PE 0.948 0.067 0.965 0.946~0.949 0.946~0.949 7.1
Form AR 1.004 0.046 1.006 1.003~1.006 1.003~1.005 4.6
RFF 1.003 0.033 1.007 1.002~1.004 1.003~1.004 3.3

*4 EERASRENRMARZER/LTSHES UK ATEXERESZENRER
Table 4 Range, median, confidence interval and coefficient of variation of plane geometric parameters of cell

nuclei with intranuclear inclusion bodies

E ¥yfi it AL 99% 1 X [A] 95% n {5 X 7] AR5 R EU Y%
T A/ um? 52.078 20.960 47.190 51.362~52.795 51.533~52.623 40.2
JEHK /wm 25.566 5.006 24763 25.394~25.737 25.435~25.696 19.6
A/ m 9.108 1.866 8.847 9.045~9.172 9.060~9.157 20.5
S/ wm 7.062 1.483 6.831 7.011~7.112 7.023~7.100 21.0
L 0.783 0.113 0.793 0.779~0.787 0.780~0.786 14.4
Form PE 0.971 0.052 0.983 0.969~0.973 0.970~0.972 5.4
Form AR 1.004 0.044 1.005 1.002~1.005 1.003~1.005 4.4
RFF 1.003 0.034 1.007 1.002~1.004 1.002~1.004 3.4

#5 BANTEAZNSEFNERRZTE/LTSHERZHLR

Table 5 Comparison of variation coefficients of plane geometric parameters of cell nuclei with versus without intranuclear inclusions

- FLUA % A T AR A% AN A% AL T AR A%
H{H s AR5 2B % HifE bR b5 2%

TR/ pm? 52.078 20.960 40.2 42.854 15.091 35.2 0.000

JE K /pm 25.566 5.006 19.6 23.516 3.975 16.9 0.000

K Aill/wm 9.108 1.866 20.5 8.644 1.522 17.6 0.000

S5 %01/ om 7.062 1.483 21.0 6.177 1.362 22.1 0.000

Hhtt 0.783 0.113 14.4 0.722 0.136 18.9 0.000

Form PE 0.971 0.052 5.4 0.948 0.067 7.1 0.000

Form AR 1.004 0.044 4.4 1.004 0.046 4.6 0.001

RFF 1.003 0.034 3.4 1.003 0.033 33 0.510
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