Significance of Transmembrane 9 Superfamily 4 (TM9SF4) immunohistochemical
expression and nuclear morphometry in premalignant colonic lesions and colorectal
carcinoma

Abstract:

Background: Although different markers are used as diagnostic methods for colorectal
carcinoma (CRC) such as; carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9
(CA 19-9), low sensitivity and low specificity of these markers revealed the importance of
searching for other markers. Transmembrane 9 Superfamily 4 (TM9SF4) is autophagic
protein involved in multiple stages of tumorigenesis and development. Nuclear morphometry
is a method for digital histological analysis which has been subjected to significant
technological advances in the last years. Aim: To evaluate the role of Transmembrane 9
Superfamily 4 (TM9SF4) and nuclear morphometry in premalignant colonic lesions and
colorectal carcinoma. Material and methods: This is a retrospective study carried on 11
ulcerative colitis cases, 16 colonic adenoma cases and 23 colorectal adenocarcinoma cases
with 6 normal colon specimens as a control. Clinicopathological characteristics of examined
cases were correlated with IHC of TM9SF4 and nuclear morphometry. Results: There is a
significant statistical correlation between TM9SF4 scoring and different histopathological
types of studied cases, lymphovascular invasion, lymph node metastasis, distant metastasis
and stage of CRC. There is a significant statistical correlation between nuclear morphometry
and different histopathological types of studied cases. Also, there is a significant statistical
correlation between area and perimeter nuclear morphometry and perineural invasion and
grade of colorectal adenocarcinoma respectively. Conclusion: TM9SF4 may have role in
tumorigenesis and development of CRC and also it has a prognostic role in CRC. Nuclear
morphometry may have a diagnostic role in CRC.
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Introduction:

Colorectal cancer (CRC) is an important health problem being the third most common and
second most fatal cancer worldwide (V. About 9.4% of cancer-related deaths were attributed
to CRC in 2020 @

In Egypt, CRC is the seventh most common cancer and the third most common male
neoplasm and fifth most common female neoplasm ®*

Molecular pathways for development of colorectal cancer includes; Adenoma-carcinoma
sequence (traditional pathway), serrated pathway, alternative pathway and De novo pathway
4).

Although different markers are used as diagnostic methods for CRC such as;
carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA 19-9), their low
sensitivity and specificity necessitates the importance of searching for other markers ©*



TMOSF4 is the fourth member TM9SF family encoded by TM9SF4 gene. TMISF is a well-
defined family of proteins characterized by the presence of a large variable extracellular
domain and nine putative transmembrane domains ©

Despite its action the role of TM9SF4 protein expression in colorectal carcinoma still unclear,
thus a trial to evaluate role of TM9SF4 in in colorectal carcinoma becomes a necessity.

Nuclear morphometry is the quantitative analysis of morphological changes in the nucleus
which is applied by the assessment of different nuclear parameters such as nuclear area,
nuclear perimeter, nuclear length, nuclear width and nuclear roundness

Aim of the work: The study aims at detecting the role of nuclear morphometry in colorectal
cancer and premalignant lesions.

Material and methods
Study group:

This is a retrospective study included 50 different cases of colorectal adenocarcinoma, colon
polyps and ulcerative colitis designated as 23 colorectal cancer cases (14 colectomy cases and
9 endoscopic cases), 16 colonic polyp cases, 11 ulcerative colitis cases with 6 specimens of
normal colonic tissue as a control processed during the years 2017-2022. Sections of normal
colon are used as normal control and gastric carcinoma tissue were taken as a positive control
for TM9SF4 immunohistochemical expression.

The material included archival formalin fixed paraftin embedded blocks as well as
Hematoxylin and Eosin (H&E) stained slides for review. The blocks were collected from
Department of Pathology and Early Cancer Detection Unit; Faculty of Medicine, Benha
University, Egypt. Clinicopathological data were collected from the files of patients. Being a
retrospective study, a written informed consent was not needed.

Inclusion criteria: Cases with available clinicopathological data regarding age, sex, tumor
size, tumor site, lymphovascular invasion, perineural invasion, primary tumor(T), grade,
lymph node status, distant metastasis and stage.

Exclusion criteria: Cases with no available paraffin blocks or clinicopathological data were
excluded from the current study.

The Ethics Committee of Faculty of Medicine, Benha University, Egypt approved this study
code (MSC 25/1/2022).

Histopathological studies:

Formalin fixed /Paraffin embedded blocks were cut at 5 pum thickness and stained using
hematoxylin and eosin stain. The cases were re-evaluated for diagnosis and graded into well
differentiated (I), moderately differentiated (II), and poorly differentiated (IIT) tumors @
Lymph node status was evaluated and TNM staging system was applied to the cases
according to AJCC, 8th edition ©*



TM9ISF4 immunohistochemical study:

For immunohistochemical staining, two positive slides were prepared:

Slides were immunostained according to manufacturer's instructions with TM9SF4 rabbit
polyclonal antibody (Hansa BioMed OU, Tallin Estonia) at a dilution of 1:50, at 4°C
overnight. Immunodetection was carried out using a standard labeled streptavidin-biotin
system (Genemed, CA 94080, USA, South San Francisco). Antigen retrieval was done by
using 3% hydrogen peroxide in 30% methanol for 15 minutes in the microwave. The
chromogen diaminobenzene (DAB, Envision TM Flex /HRP-Dako, REF K 8000) used was
freshly prepared. The counter satin was Mayer's hematoxylin. Normal colon tissue and gastric
carcinoma tissue used as an external positive control ® For negative control, primary
antibody was omitted (Phosphate- buffered Saline) 19

Interpretation of TM9SF4 expression:

Positivity was considered as brownish homogenous cytoplasmic staining of tumor cells ¢
The immunohistochemical scores were obtained by light microscopy as the staining intensity
(scored from 0-3) multiplied by the percentage area of positive immunostaining within the
visual field (the percentage of positive cells within 5 high power fields in hot areas) (scored
from 0-3). The intensity of TM9SF4 protein expression was scored as: 0 (no staining); 1
(weak staining); 2 (moderate staining); or 3 (strong staining). The percentage area of positive
immunostaining was scored as: 0 (0%); 1(1-10%); 2(11-50%); 3(>51%) ©

Nuclear morphometry study:

The slide to be examined was placed on the stage of the microscope. The light source was set
to the required level. Successful adjustment of illumination was checked for the video
monitor, The morphometric analysis was carried out on hematoxylin and eosin-stained slides
to measure the nuclear parameters including area, length, width, perimeter, and nuclear
roundness, Slides were digitalized using Olympus® digital camera installed on Olympus®
microscope with 1/2 X photo adaptor, using 40 X objective. The result images were analyzed
on Intel® Core 17® based computer using VideoTest Morphology® software (Russia) with a
specific built-in routine for particle analysis and counting, 13 slides from colorectal cancer, 9
slides from adenoma, 6 slides from ulcerative colitis and 3 slides from normal colon were
used, 5 random field from each slide were analyzed.

Statistical analysis:

Statistical analysis was performed using Statistical package for Social Science (IBM Corp.
Released 2017. IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM Corp.).

Descriptive statistics include Mean, standard deviation (+ SD), median, standard error (+SE).
Range was used for description of numerical data while frequency and percentage were used
for description of non-numerical data. P value is considered significant if <0.05 at confidence
interval 95%.

Results:



Clinicopathological results (figure 1):

The Age distribution of the studied cases ranged from 18 to 72 years with 28 (50%) were <
45 years while 28 (50%) were >45 years with the mean age 44.93 + 13.55. The gender
distribution of the studied cases was 34 (60.7%) male while, 22 (39.3%) were female. Type of
studied adenoma cases was classified as 16 cases tubular and 6 cases villous with degree of
dysplasia was 11cases were of low-grade dysplasia while 5 cases of high-grade dysplasia.
Tumor size of studied colorectal adenocarcinoma colectomy cases ranged from 2 to 12 cm.
The grade distribution in colorectal adenocarcinoma cases was 3 cases grade I, 16 cases
grade II and cases grade III with significant statistical correlation wuth both depth of
invasion and stage (P value= 0.05, 0.040 respectively). Perineural invasion in colorectal
adenocarcinoma colectomy cases were found in 4 cases. TNM stage in colorectal
adenocarcinoma colectomy cases wre classified as one case stage I, 5 cases stage IIA, 5 cases
stage III while 3 cases stage [VA (Table 1).

Immunohistochemical results (figure 2):

Positivity was considered as brownish homogenous cytoplasmic staining of tumor cells (5).
Score 1 of TM9SF4 was found in 66.8%, 18.1% and 43.7% of normal colonic tissue
(control), ulcerative colitis and adenoma cases respectively. Score 2 of TM9SF4 was found in
16.6%, 27.2%, 18.7 and 8.6% of normal colon, ulcerative colitis adenoma and CRC cases
respectively. Score 3 of TM9SF4 was found in 54.7%, 37.6 and 91.4% of ulcerative colitis
adenoma and CRC cases respectively. (Table 2)

A statistically significant correlation was found between TM9SF4 scoring and
histopathological types of studied cases (P =<.001) (table 2).

A statistically significant correlation was found between TMOSF4 scoring and stage,
lymphovascular invasion, LN metastasis and distant metastasis of studied colorectal
adenocarcinoma colectomy cases (P value= 0.001, 0.001, 0.001, 0.005 respectively) (Table
3). While no statistically significant correlation was found between TM9SF4 scoring and site,
size, grade and depth of invasion of studied colorectal cancer colectomy cases and also there
is no statistically significant correlation was found between TMO9SF4 scoring and
clinicopathological variables of ulcerative colitis and adenoma studied cases.

Nuclear morphometry results (figure 3):
A statistically significant correlation was found between nuclear morphometric parameters
and histopathological types of studied cases (P =<.001) (table 4).

Besides, a statistically significant correlation was found between nuclear area morphometry
and prineural invasion in colorectal adenocarcinoma cases (P value=0.008)

Also, a statistically significant correlation was found between nuclear perimeter and grade in
colorectal adenocarcinoma cases (P value=0.002)



Also, a statistically significant correlation was found between nuclear roundness
morphometry with age in colorectal adenocarcinoma cases (P value=0.012).

Discussion:
Worldwide, colorectal cancer (CRC) is the third most commonly diagnosed cancer and the
second most common cause of cancer-related death in both men and women (V-

In Egypt, the estimated rate of CRC is 6.5 % of all malignant tumors, being the third most
common male neoplasm and fifth most common female neoplasm with 14.0 % of all
colonoscopies revealing the presence of the disease (12

The occurrence of colorectal cancer is associated with non-modifiable risk factors, including
age and hereditary factors, as well as with modifiable environmental and lifestyle factors (13
Carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA 19-9) are among the
best available IHC markers for digestive cancers, including CRC, however, low sensitivity
and low specificity of these markers affects their use as biomarkers for early diagnosis so, it
is better to find other markers with more specificity and sensitivity ©*

Transmembrane 9 superfamily 4 (TM9SF4) is the fourth member TM9SF family encoded
by TM9SF4 gene. TMISF is a well-defined family of proteins that activates Vacuolar
ATPase which is a proton pump involved in the tumor pH gradient alterations resulting in
extracellular acidosis and cytosol alkalization, this function appeared to be associated with
its role in drug resistance, progression and invasiveness of cancer cells % as in breast
cancer and acute myeloid leukemias.

In the present study, there was a significant statistical correlation between scoring of TM9SF4
and different studied cases as 54.7% of studied ulcerative colitis cases, 37.6% of studied
adenoma cases and 91.3% of studied CRC cases showed score 3 which agreed with those
who reported that most cases of normal colon cases showed score 1 while most CRC cases
showed score3 ® suggesting role of TM9SF4 in tumor development, which can be explained
by the relation between TM9SF4 and exosomes (natural lipidic extra cellular nanovesicles
produced and released by virtually all cell types) 49- Exosomes participate in the progression
of cancer development and metastasis by transferring bioactive molecules between cancer
and various cells in local and distant microenvironments and such intercellular cross-talk
results in changes in multiple cellular and biological functions in cells @9 This action is
increased with acidic PH which is achieved by TM9SF4 and this can explain the role of
TMO9SF4 in progression of neoplastic pathway (7

Regarding TM9SF4 expression in ulcerative colitis, most cases (54.7%) were score 3 which
can be explained by mild activity of this cases concerning the relation between TM9SF4 level
and degree of activity, as TM9SF4 deficiency increases endoplasmic reticulum (ER) stress,
promotes inflammation and impair intestinal epithelial barrier to aggravate IBD while
increased TM9SF4 level is associated with low level of activity in IBD so, high TM9SF4
level is associated with mild activity and vice versa 14



Our study revealed that there was no significant statistical correlation between TM9SF4
scoring and clinico-pathological variables in studied ulcerative colitis, adenoma cases. This
can be explained by difference in number of cases.

Regarding CRC cases there was a highly significant statistical correlation between TM9SF4
scoring and lymphovascular invasion, lymph node metastasis, distant metastasis and stage.
This agreed with those who found that increased expression of TM9SF4 is associated with
tumor invasion and metastasis ® which can be explained by the role of TM9SF4 in enhancing
tumor invasion through its interaction with the V-ATPase, a proton pump highly expressed in
CRC cancer results in activating V-ATPase that plays a significant role in tumor invasion and
metastasis via activating different types of proteases including cathepsins, metalloproteases,
and gelatinases which degrade the extracellular matrix - While, there was no significant
statistical correlation between TM9SF4 scoring and site, size, grade, perineural invasion and
depth of invasion (T).

Nuclear morphometry is the quantitative analysis of morphological changes in the nucleus
which is applied by the assessment of different nuclear parameters 18-

In this study all studied cases were analyzed for nuclear morphometric parameters including
nuclear area, perimeter, length, width and roundness.

As regard nuclear morphometry, it was found that there is a significant statistical correlation
(P<0.001) between nuclear area and different studied groups as it was 1592.7+ 1.05 pixel,
1684.8 £ 1.16 pixel, 1860.3 + 2.66 pixel and 2439.6 + 3.73 pixel in normal colon, ulcerative
colitis, adenoma and CRC groups respectively. This was close to those who found significant
statistical correlation (19:20.21,22 and 23). However, those results disagreed with those who found
no significant statistical correlation (24and 25

Also, there is a significant statistical correlation (P<0.001) between nuclear perimeter and
different studied groups as it was 163.8 = 0.61 pixel, 173.3 + 0.95 pixel, 227.96 + 1.10 pixel
and 250.7 = 7.51 pixel in normal colon, ulcerative colitis, adenoma and CRC groups
respectively. This was close to those who found significant statistical correlation (2:23:26and 27).
This disagreed with those who found no significant statistical correlation @5

Also, there i1s a significant statistical correlation (P<0.001) between nuclear length and
different studied groups as it was 36.20 + 0.40 pixel, 44.18 = 0.71 pixel, 89.10 £ 2.54 pixel
and 106.8 = 0.90 pixel in normal colon, ulcerative colitis, adenoma and CRC groups
respectively. This was close to those who found significant statistical correlation (2% and 23).
While disagreed with those who found no significant statistical correlation 3"

The difference in nuclear area, perimeter and length can be explained by different molecular
events of cancer progression as nuclear parameters are directly related to molecular events of



cancer progression and are often specific for individual cancer types @®® and also can be
attributed to different statistical analysis method.

Concerning mean nuclear width, it significantly correlates (P<0.001) with different studied
groups as it was 24.14 £ 0.35 pixel, 26.55 + 1.01 pixel, 29.86 + 0.29 pixel and 42.28 + 0.66
pixel in normal colon, ulcerative colitis, adenoma and CRC groups respectively. This is in
agreement with those who found significant statistical correlation ?- This was in
disagreement with those who found no significant statistical correlation 23 and 25

Also, there is a significant statistical correlation (P<0.001) between nuclear roundness and
different studied groups as the mean was 0.63 £ 0.04 pixel, 0.47 + 0.01 pixel, 0.37 = 0.01
pixel and 0.36 £ 0.00 pixel in normal colon, ulcerative colitis, adenoma and CRC groups
respectively. This goes with those who found significant statistical correlation ?® While was
in disagreement with those who found no significant statistical correlation ?3and25)-

The difference in results in both nuclear width and roundness can be explained by that
nuclear dysplasia occurring in adenomatous polyps are precedent of the nuclear changes in
CRC so nuclear measurements are closer to malignant lesions and show no significant
correlation when compared together.

As regarding correlation between parameters of nuclear morphometry and clinicopathological
data of different studied groups, there is no statistically significant correlation between
nuclear parameters and clinicopathological data of ulcerative colitis and adenoma cases. In
contrast to studies carried out by @ who found statistically significant correlation between
nuclear area and degree of dysplasia of adenoma (P<0.05). The difference in results can be
explained by different statistical analysis method.

However, there is statistically significant correlation between nuclear area morphometry and
perineural invasion in colorectal adenocarcinoma cases (P value=0.008), while there is no
statistically significant correlation with other clinicopathological data. This is in contrast with
5 who found statistically significant correlation between nuclear area and grade of CRC (p
value=0.0023) and ?¥ who found statistically significant correlation between nuclear area
and vascular invasion and lymphatic invasion of CRC (p value=0.001). The difference in
results can be explained by mean nuclear area of DNA aneuploid tumors was larger and more
associated with invasion than that of DNA diploid tumors.

There is statistically significant correlation between nuclear perimeter morphometry and
grade in colorectal adenocarcinoma cases (P value=0.002). This is in agreement with ®® who
found statistically significant correlation between nuclear perimeter and grade of CRC (p
value=0.006).

There is statistically significant correlation between nuclear roundness morphometry and age
in colorectal adenocarcinoma cases (P value=0.012), while there is no statistically significant
correlation with other clinicopathological data. This goes with ?® who found statistically
significant correlation.

Regarding the previously discussed findings, we can suggest that TM9SF4 may have a
notable role in tumorigenesis and progression of CRC.

Also, we found that nuclear morphometry has a role in the differentiation between
premalignant colonic lesions and CRC.



Conclusion:

Transmembrane 9 Superfamily 4 (TM9SF4) may have a role in tumorigenesis and
CRC development being expressed in normal colon, ulcerative colitis, adenoma and
colorectal carcinoma cases.

Transmembrane 9 Superfamily 4 (TM9SF4) showed a significant correlation with
adenocarcinoma invasion and stage indicating it may have a prognostic role.

Nuclear morphometry may be useful as a diagnostic tool in adenocarcinoma through
the differentiation between colorectal adenocarcinoma and premalignant colonic
lesions.

Nuclear morphometry area and perimeter have a significant statistical correlation with
perineural invasion and grade of colorectal adenocarcinoma respectively suggesting
they may have a prognostic value.

Conflicts of interest: No conflicts of interest.

References:

1.

Malki, A. EIRuz, R.A. Gupta, I. Allouch, A. Vranic, S. Al Moustafa, et al.,
Molecular Mechanisms of Colon Cancer Progression and Metastasis: Recent Insights
and Advancements. Int. J. Mol. Sci. 2020; 22: 130-150.

Sung, H. Ferlay, J.Siegel, R.L. Laversanne, M. Soerjomataram, I. Jemal, et al.,
Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021; 71: 209-249.
Adel Mohamed Khalaf. Colorectal Cancer in Egypt: Clinical, Life-Style, and Socio-
Demographic Risk Factors. Al-Azhar international medical journal 2021; 2(9): 6-15.
Nguyen LH, Goel A, Chung DC. Pathways of Colorectal Carcinogenesis.
Gastroenterology. Jan 2020; 158(2):291-302.

Paolo Guazzi, Davide Zocco, Sergejs Isajevs, Natasa Zarovni, Laura Bianciardi,
Mart Toots et al., TM9SF4 expression in tumor tissues: a novel diagnostic biomarker
for gastrointestinal tumors. Transl Cancer Res. 2020; 9(11):6652-6659.

Cotter K, Stransky L, McGuire C. Recent Insights into the Structure, Regulation,
and Function of the VV-ATPases. Trends Biochem Sci. 2020; 40(6):11-22.

Masahide Ikeguchi , Takasi Sakatani , Kanenori Endo , Masato Makino
, Nobuaki Kaibara. Computerized nuclear morphometry is a useful technique for
evaluating the high metastatic potential of colorectal adenocarcinoma. International
journal of American cancer society. 2018; 86(10): 2-11.

David Marcus. Colorectal cancer prognosis. Plos One. January 2022; 32: 3.


https://aimj.journals.ekb.eg/?_action=article&au=376697&_au=Adel+Mohamed+Khalaf
https://aimj.journals.ekb.eg/issue_22623_27820.html
https://acsjournals.onlinelibrary.wiley.com/authored-by/Ikeguchi/Masahide
https://acsjournals.onlinelibrary.wiley.com/authored-by/Sakatani/Takasi
https://acsjournals.onlinelibrary.wiley.com/authored-by/Endo/Kanenori
https://acsjournals.onlinelibrary.wiley.com/authored-by/Makino/Masato
https://acsjournals.onlinelibrary.wiley.com/authored-by/Makino/Masato
https://doi.org/10.1002/(SICI)1097-0142(19991115)%2086:10%3c1944::AID-CNCR10%3e3.0.CO;2-2
https://www.goodrx.com/about/david-marcus

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Hugen N, van Beek JJP, de Wilt JHW, Nagtegaal ID. Insight into mucinous
colorectal carcinoma: clues from etiology. Ann Surg Oncol. 2019; 21(9):2963-2970.

Kalantari E, Saadi FH, Asgari M, et al. Increased expression of ALDH1ALl in
prostate cancer is correlated with tumor aggressiveness: a tissue microarray study of
Iranian patients. Applied immunohistochemistry & molecular morphology. Ingenta
connect. 2017; 25(8), 592-598.

Rebecca L. Siegel, Nikita Sandeep Wagle, Andrea Cercek, Robert A. Smith,
Ahmedin Jemal DVM. Colorectal cancer statistics. American cancer society 2023;
73(3): 233-254.

Ahmed Mohammed Hassan, Abd Al-Kareem Elias. Colorectal Cancer in Egypt:
Clinical, Life-Style, and Socio-Demographic Risk Factors. Al-Azhar international
medical journal. 2021; 2(9): Pages 6-15.

Lewandowska A, Rudzki G, Lewandowski T, Stryjkowska-Gora A, Rudzki S.
Risk Factors for the Diagnosis of Colorectal Cancer. Cancer Control. 2022; 29: 7-13.
Xie M, Mak JW, Yu H, Cheng CT, Chan HC, Chan TT et al., TM9SF4 is a crucial
regulator of inflammation and ER stress in inflammatory bowel disease. Cellular and
molecular gastroenterology and Hepatology. Jan 2022; 14(2): 245-270.

Lozupone F, CIl. Antonio Chiesi, Paolo Guazzi, Natasa, Zarovni, Pietro Ferruzzi
et al., Use of tm9sf4 as a biomarker for tumor associated exosomes. Oncogen. 2017;
51: 84-91.

Dai W, Li Y, Meng X, Cai S, Li Q, Cai G. Does tumor size have its prognostic role
in colorectal cancer? Re-evaluating its value in colorectal adenocarcinoma with
different macroscopic growth pattern. Int J Surg. 2020; 45:105-112.

Logozzi M, Mizzoni D, Angelini DF, Di Raimo R, Falchi M, Battistini L et al.,
Microenvironmental pH and Exosome Levels Interplay in Human Cancer Cell Lines
of Different Histotypes. Cancers (Basel). 2018; 10(10):370.

Girdhar A, Raju K, P N S. Significance of Nuclear Morphometry in Breast Lesions:
A Cross-Sectional Study. Cureus. May 2023; 15(5): 39-51.

Kenneth J. Pienta MD, Donald S. Coffey PhD. Correlation of nuclear morphometry
with progression of breast cancer. Dis Colon Rectum. 1991; 68(9): 2012-2016.
Mitmaker, B., Begin, L.R. & Gordon, P.H. Nuclear shape as a prognostic
discriminant in colorectal carcinoma. Dis Colon Rectum. 1991; 34: 249-2509.

Mulder JW, Offerhaus GJ, de Feyter EP, Floyd JJ, Kern SE, Vogelstein B et al.
The relationship of quantitative nuclear morphology to molecular genetic alterations
in the adenoma-carcinoma sequence of the large bowel. Dis Colon Rectum. 1992;
141(4):797-804.

Deans, G.T., Hamilton, P.W., Watt, P.C.H. Morphometric analysis of colorectal
cancer. Dis Colon Rectum 1993; 36: 450—456.

Noha N. Yassen, Dalia M. Abouelfadl, Amina A. Gamal EIDin. Morphometric
analysis and immunohistochemical expression of cytochrome C oxidase in colonic
adenomas and adenocarcinomas. Journal of The Arab Society for Medical Research.
2018; 13:119-128.


https://acsjournals.onlinelibrary.wiley.com/toc/15424863/2023/73/3
https://aimj.journals.ekb.eg/?_action=article&au=300225&_au=Ahmed+Mohammed+Hassan
https://aimj.journals.ekb.eg/?_action=article&au=376699&_au=Abd+Al-Kareem+Elias
https://aimj.journals.ekb.eg/issue_22623_27820.html
https://acsjournals.onlinelibrary.wiley.com/authored-by/Pienta/Kenneth+J.
https://acsjournals.onlinelibrary.wiley.com/authored-by/Coffey/Donald+S.
https://acsjournals.onlinelibrary.wiley.com/toc/10970142/1991/68/9

24,

25.

26.

27.

28.

29.

30.

Masahide Ikeguchi . Computerized nuclear morphometry in colorectal
adenocarcinoma. 2000; 86:10.

Koushik Chakraborty, Sucharita Sarkar, Asim Kumar Manna, Saswati
Sengupta, Mousumi Bag. Study of Cellular Morphometry in Colorectal Epithelial
Lesions with Clinicopathological Correlation. International Journal of Research and
Review. 2019; 6(7): 1-10.

Dragan Mihailovic. Morphometric Analysis of Precancerous Lesions of Human
Colorectal Mucosa. National library of medicine. 2002; 91: 27-29.

F. FernaAndez-LoApez, R. Conde-Freire, C. Cadarso-SuaArez, Forteza-Vila J,
Puente-Dominguez JL, and J. Potel-Lesquereux. Evaluation of colorectal cancer by
Nuclear Morphometry. Journal of arab society for medical research. 2018; 167: 375—
381.

Neeraj Kumar, Ruchika Verma, Chuheng Chen, Cheng Lu, Pingfu Fu, Joseph
Willis et al., Computer-extracted features of nuclear morphology in hematoxylin and
eosin images distinguish stage Il and 1V colon tumors. Journal of pathological society.
2022; 257(1): 17-28.

Heimann TM, Cohen RD, Szporn A, Gil J. Correlation of nuclear morphometry and
DNA ploidy in rectal cancer. Dis Colon Rectum. Jun 1991; 34(6):449-54.

Nakayama H, Kondo Y, Saito N, Sarashina H, Okui K. Morphometric analysis of
cytological atypia in colonic adenomas. Virchows Arch a Pathol Anat Histopathol.
1988; 413(6):499-504.

Table 1. Clinicopathological data of studied cases of colorectal adenocarcinoma.

Colorectal adenocarcinoma

Clinicopathological data (Colectomy and endoscopic)
n=23
Site n (%)
Right 18 (78.2%)
Left 5 (21.8%)
Grade
I 3(13%)
| 16(69.5%)
i 4(17.5%)
Colectomy cases n=14
Size n (%)
<6.5 7(50%)
>6.5 7(50%)
Mean * SE. 5.86 £ 0.95
Median 5.0
Min. — Max. 20-120
LV invasion
+ve 5 (35.7%)
-ve 9 (64.3%)
Perineural invasion
+ve 4(28.5%)

10
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-ve

10 (71.5%)

Depth of invasion (T)

T2 2(14.2%)

T3 11(78.6%)

T4a 1(7.2%)
Lymph node metastasis(N)

NO 6 (42.8%)

N1 5 (35.7%)

N2b 3 (21.5%)

Distant metastasis (M)

MO 11 (28.6%)
M1a 3 (71.4%)
TNM stage
| 1 (7.2%)
A 5 (35.7%)
1 5 (35.7%)
IVA 3 (21.4%)

n=number, SD=standard deviation, Min=minimum, Max=maximum.

Table 2. Comparison between different studied groups regarding TM9SF4

Colorectal :
adenocarcinoma Adenoma Ulcerative |Normal
TMISF4 colitis colon Test |P
n=23 n=16
n=11 n=6
Expression
Negative |0 (0%) 0(0%) 0 (0%) 1(16.6%) [x’= |MC
Cytoplasmic{23 (100%) 16 (100%) |11 (100%) |5 (83.4%) |7.205 |0.661
Scoring
Score
0 0 (0%) 0 (0%) 0 (0%) 1 (16.6%)
1 0 (0%) 7 (43.7) 2 (18.1%) |4 (66.8%)
2 2 (8.6%) 3 (18.7) 3(27.2%) |1 (16.6%) <0.001*
3 21 (91.4%) 6 (37.6%) |6 (54.7%) |0 (0%)
Mean + SE. H=
2.93+0.07 1.88+0.26 [2.36 £ 0.24 [1.33 +0.21 21.354

SE. Standard error, Min.: Minimum, Max.: Maximum, H: Kruskal Wallis, x*: Chi-Square,

FE: Fisher-Exact, MC: Monte-Carlo, P: Comparing between the different studied groups.

*. Significant when p value < 0.05.
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Table 3. Relation of TM9SF4 scoring with clinicopathological data of colorectal

adenocarcinoma colectomy cases.

Score 2 Score 3 test P
colorectal adenocarcinoma colectomy cases n=1 n=13
AT ) mean+SD (63) | (51.2+11.6) | 0.982 | 0.346
Gender
Male 0 (0.00%) 9 (69.20%)
Female 1 (100.00%) | 4 (30.80%) 1.938 1 0.164
Grade
| 0 (0.00%) 2 (15.40%)
I 1 (100.00%) | 7 (53.80%) | 0.808 | 0.668
" 0 (0.00%) 4 (30.80%)
Stage
| 1 (100.00%) 0 (0.00%)
A 0 (0.00%) 5 (38.50%)
" 0 (0.00%) 5 (38.50%) 1.4371 0001
IVA 0 (0.00%) 3 (23%)
Site
Right 0 (0.00%) 10 (76.90%)
Left 1(100.00%) | 3 (23.100%) | %2 | 0-286
LV
Negative 1 (100.00%) 8 (61.5%)
Positive 0(0.00%) | 5(38.4%) | 117 |0-001
PN
Negative 0 (0.00%) 10 (76.90%)
Positive 1(100.00%) | 3 (23.10%) 2.692/1 0.286
LN
NO 1 (100.00%) 5 (38.4%) 0.001
N1 0 (0.00%) 5(38.4%) |0.117 |
N2A 0 (0.00%) 3 (23.2%)
M
MO 1 (100.00%) | 10 (76.9%)
M1a 0(0.00%) | 3(231%) | 22> | %005
Size
<6.5 cm 1 (100%) 8 (61.5%) 0508 | 1
>6.5 0 (0.00%) 5 (38.5%) )
Depth of invasion (T)
T2 0 (0.00%) 2 (15.4%)
T3 1 (100%) 10 (76.9%) 0.294 1 0.778

n=number,
invasion, LN=lymph node, M= metastasis.
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SD=standard deviation, LV=lymphovascular invasion, PN=perineural



Table 4. Nuclear morphometry among the different studied groups.

Nuclear Colorectal Adenoma Ulc_e_r ative Normal colon
morphometrycancer n=16 colitis n=6 Test P
n=23 n=11

Nuclear area

Mean + SD. [2439.6 + 3.73 (1860.3 £ 2.66 |1684.8 + 1.16 [1592.7 + 1.05 |F=147658|<0.001*
Perimeter

Mean £ SD. [250.7 £ 7.51 |227.96 £1.10 173.3+0.95 [163.8+0.61 |F=720.8 [<0.001*
Length

Mean + SD.|106.8 £ 0.90 (89.10+2.54 44.18+0.71 |36.20 £0.40 |F=3550.9 [<0.001*
Width

Mean + SD. |42.28 £ 0.66 [29.86 +0.29 [26.55+1.01 [24.14 £0.35 |F=944.9 [<0.001*
Roundness

Mean £SD.|0.36 £ 0.00 |0.37+0.01 (0.47+0.01 [0.63+0.04 |F=184.4 [<0.001*

SD. Standard deviation, Min.: Minimum, Max.: Maximum, F: One Way ANOVA
P: Comparing between the different studied groups.

*: Significant when p value < 0.05.
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Figure 1:

A

B.

A case of Ulcerative colitis showing cryptitis (orange arrow) and crypt abscess
(black arrow) (H&Ex200)

A case of Tubular adenoma, low grade dysplasia in the form of pseudo
stratification with crowded hyperchromatic nuclei occupying lower 1/3 of
epithelial thickness (H&Ex200)

A case of Tubular adenoma, high grade dysplasia in the form of pseudo
stratification with loss of nuclear polarity, nuclear pleomorphism and
hyperchromasia occupying full epithelial thickness (H&Ex200)

A case of villous adenoma, low grade dysplasia in the form of pseudo
stratification with crowded hyperchromatic nuclei occupying lower 1/3 of
epithelial thickness (H&Ex400)

A case of villous adenoma, high grade dysplasia in the form of pseudo
stratification with loss of nuclear polarity, nuclear pleomorphism and
hyperchromasia occupying full epithelial thickness (H&Ex200)

A case of well differentiated adenocarcinoma (grade 1) showing variable sized
and shaped malignant glands occupying >95% of lesion (H&Ex40)

. A case of moderately differentiated adenocarcinoma (grade Il) showing sheets

and fused variable sized and shaped malignant glands occupying 50-95% of
lesion (H&Ex200)

. A case of poorly differentiated adenocarcinoma (grade I11) showing sheets and

scattered variable sized and shaped malignant glands occupying <50% of lesion
(H&Ex400)

15



Figure 2
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. A case of ulcerative colitis showing score 3 IHC cytoplasmic expression of
TMOISF4 (ABCx200)

. A case of tubular adenoma showing score 2 IHC cytoplasmic expression of
TMOISF4 (ABCx200)

. A case of tubular adenoma showing score 3 IHC cytoplasmic expression of
TMOISF4 (ABCx400)

. A case of adenocarcinoma, grade | showing score 2 IHC cytoplasmic expression

of TM9SF4 (ABCx100)

. A case of adenocarcinoma, grade Il showing score 2 IHC cytoplasmic expression
of TM9SF4 (ABCx100)

. A case of adenocarcinoma, grade Il showing score 3 IHC cytoplasmic expression
of TM9SF4 (ABCx200)

. A case of adenocarcinoma, grade IIl showing score 3 IHC cytoplasmic

expression of TM9SF4 (ABCx200).
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Figure 3 :

A. A case of normal colon nuclear morphometry showing

Mean area= 1262 pixel Mean perimeter= 183 pixel Mean length=44

pixel Mean width= 27 pixel
roundness=0.9pixel

B. A case of ulcerative colitis nuclear morphometry showing

Mean

Mean area= 1349 pixel Mean perimeter= 211 pixel Mean length=52
pixel
Mean width= 30 pixel Mean roundness=0.8pixel

C. A case of tubular adenoma nuclear morphometry showing

Mean area= 2421 pixel Mean perimeter= 269 pixel
length=107 pixel

Mean width= 40 pixel Mean roundness=0.7pixel

D. A case of colorectal adenocarcinoma grade | nuclear morphometry showing

Mean area= 3330 pixel Mean perimeter= 378 pixel
length=129 pixel

Mean width= 47 pixel Mean roundness=0.5pixel

E. A case of colorectal adenocarcinoma grade 11 nuclear morphometry showing

Mean area= 3330 pixel Mean perimeter= 380 pixel
length=131 pixel

Mean width= 49 pixel Mean roundness=0.3pixel

F. A case of colorectal adenocarcinoma grade 111 nuclear morphometry showing

Mean area= 3333 pixel Mean perimeter= 384 pixel
length=132 pixel

Mean width= 52 pixel Mean roundness=0.2pixel
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