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ABSTRACT

ROS-1 protein is a transmembrane protein with a tyrosine kinase activity act as a
growth or differentiation factor can derived cell proliferation acting as a proto-
oncogen. It is expressed in the kidney and gastrointestinal tract and, in rare cases,
in several other organs as well. Genetic rearrangements of ROS1 have been found
in non-small cell lung cancer (NSCLC) and in other tumors as well like gastric
carcinoma, ovarian carcinoma and others. This protein became of clinical interest
because of the era of tyrosin kinase inhibitors role in treating cancer like crizotinib
which have been approved for NSCLC with ROS1 alterations.

In this study we studied the immunohistochemical expression of ROS 1in
mammary carcinoma in correlation with Hormonal receptor status (ER and PR)
and Her2Neu expression.

Paraffin blocks of thirty cases of mammary ductal carcinoma were selelcted and
studied by immunohistochemical staining for ER, PR, Her2Neu and ROS 1. Then
the findings were analyzed statistically

Thirty-three percent of studied cases showed expression of ROS 1 which was
assessed by stained cell proportion and cell staining intensity.

Neither stained cell proportion nor the staining intensity of ER and PR showed
significant statistical correlation with ROS 1 expression . However a significant
correlation was noted between ROS 1 expression and Her2Neu expression as 70%
of ROS 1 positive cases were also positive for Her2Neu. This suggest a negative
prognostic role of this protein in mammary carcinoma.

The finding of this relatively significant number of ROS 1 positive cases in
mammary carcinoma can open the way for more understanding of mammary
carcinoma pathogenesis and can open the way for the use of certain tyrosine
kinase inhibitors in the most common type of female cancer.
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BACKGROUND

ROS-1 protein is a transmembrane protein with a
tyrosine kinase activity act as a growth or differentiation
factor coded by ROS-1 gene (proto-oncogene) located on
chromosome 6 (6q22.1) also known as MCF 3 or c-ros-1
first isolated from human glioblastoma cell line(23):

In animals and humans, ROS1 is expressed in the kidney
and gastrointestinal tract and, in rare cases, in several
other organs as well including the lungs, epididymis ,
breast , heart, and liver . Genetic rearrangements of
ROS1 have been found in non-small cell lung cancer
(NSCLC). ROS 1 gene rearrangement have been found in
other tumors as well such as gastric adenocarcinoma,
ovarian cancer, cholangiocarcinoma, inflammatory
myofibroblastic tumor, angiosarcoma, colorectal cancer
and epithelioid hemangioendothelioma ). The fusion
protein resulted for this gene rearrangement (ROS 1) has
a constitutively active kinase activity and drives cellular
proliferation. In the era of the use of kinase inhibitors in
treating cancer this point has been studies thoroughly in
different tumor types. Crizotinib is a small molecule
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inhibitor that is showing promise as an effective therapy
in patients with Non Small Cell Lung Cancer (NSCLC)
whose cells show alterations in ROS 1 gene (>©),

Studying of this gene rearrangement may also give an
insight to the pathogenesis of different tumor types
including the mammary carcinoma as in this study.

FISH assays that utilize a break-apart probe spanning the
common break point region (including exons 32, 34, and
35) in the ROS1 gene is the most relied on test for this
issue to date. The presence of a ROSI rearrangement
result is a split signal in the majority of cases, or
sometimes the loss of 5’ probe signal in the case of
the FIG1-ROS1 translocation 7%

Because the FISH is an expensive and cumbersome assay
to support in many laboratories, that requires specialized
microscopy equipment and technical expertise, new test
have been developed by which immunohistochemistry is
performed in many pathology laboratories and can be
readily interpreted by surgical pathologists in the course
of clinical diagnostic practice. A ROS1
immunohistochemical antibody has recently been
described that used to detect ROS 1-fusion proteins in
NSCLC &9,

Mammary carcinoma is the most common cancer in
female in almost all regions in the world that shows
different pathogenetic pathways during the tumor
progression.

The tyrosine kinase activation pathway have been
studied in breast cancer such as the activation of
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epidermal growth factor molecules and C-Src
molecules(?.

In this study we evaluated the immunohistochemical
expression of ROS-1 protein, a tyrosine kinase receptor
molecule, in mammary ductal carcinoma (the most
common type of mammary carcinoma ) and we studied
the correlation of the result with hormonal receptor
status (estrogen and progesterone receptors) and
Her2Neu expression , another molecule of epidermal
growth factor receptors family that also has a tyrosine
kinase receptor activity 1,

These correlations may have an impact on mammary
carcinoma prognosis as these tumors stratified according
to the expression of hormonal receptors and Her2Neu
expression.

MATERIAL AND METHODE

This study was performed in the pathology department in

the college of Medicine/ Baghdad university. Thirty cases

of mammary ductal carcinoma were selected from

Teaching Laboratory of Baghdad medical city, the

teaching hospital of Baghdad college of medicine.

Paraffin embedded sections of surgical and tru-cut needle

biopsies were studied by immunohistochemistry using

antibodies for Estrogen and Progesterone receptors and

Her2Neu (All by DAKO-Agilent antibodies and Envision

Flex detection system-USA) and correlated with

immunohistochemical expression of ROS-1 (by BioSB-

BSB3626-USA).

First, all cases were reviewed by routine histological

examination confirming the presence of invasive

mammary ductal carcinoma in the studied sections then

immunohistochemical staining was performed by the

assist of autostainer including the following steps

1. deparaffinization by heating method for 1 hour in
60°C.

2. Complete deparffinization was performed by Xylene.

3. Sections were rehydrated by graded alcohol.

4. Antigen retrieving using the recommended solution

for each antibody by heating method in a water bath.

Protein blocking by hydrogen peroxide for 5 minutes.

Antibody application in a 60 minutes.

7. Application of the recommended linkers to bind with

secondary antibodies.

Application the secondary antibody for 30 minutes

9. Immunoperoxidase staining was developed using
3,3’diaminobenzidine (DAB) chromogen (Dako) for
5 min

10. counter staining by Meyer's hematoxilin and the
slides covered by aqueous mounting media and
visualized under microscope

Washing by the recommended buffer solution was done

between the above steps which were performed in

automized humid environment

Allred scoring system was used to analyze the

immunohistochemical expression of estrogen and

progesterone receptors expression which assess the

proportion and intensity of staining as follows (12);

The proportion of cell stained

No cell stained : 0

1% of cells stained : 1

2-10% of cell stained : 2

11-30% of cell stained :3

31-66% of cell stained :4

67-100% of cell stained :5

own

®
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The intensity of cell staining:

No staining : 0

weak staining : 1

moderate staining : 2

strong staining : 3

Her2Neu expression was assessed by score from 0 to
(+++)-(0: No staining, +:weak staining regarded as
negative, ++: equivocal staining and +++: (positive)strong
complete staining in more than 10% of tumor cells 3
Quantitative  evaluation of immunohistochemical
expression of ROS-1 was assessed as follows (14);

No staining: 0

less than 25% staining : 1

26-50% straining: 2

more than 50% staining : 3

Intensity of ROS-1 staining was assessed as follows:

No staining: 0

weak staining: 1

moderate staining: 2

strong staining: 3

Statistical analysis: Statistical analysis was performed
with the SPSS 23 statistical software program. Univariate
data were summarized using standard descriptive
statistics, tabulation of categorical variables and
histograms of numerical variables. Associations between
categorical variables was assessed via cross tabulation
and chi-square. Exact tests were used to calculate the p
value. In all statistical analyses, a p value < 0.05 was
considered significant.

Ethical consideration:There were minimal ethical
implications and issues since it is a retrospective study.
Patient identity and confidentiality were protected by
assigning each patient a specific serial number. Moreover,
no one except the investigating research team accessed
the patients’ records. We obtained prior approval from
the Institutional Board of Baghdad Medical city since a
consent form was not applicable to our study. The study
is registered in the college of Medicine/Baghdad
university.

RESULTS

Immunohistochemical staining for  Estrogen
receptors:

All cases were invasive ductal carcinoma, the most
common type of mammary carcinoma. Seventeen out of
the total 30 cases (56.67%) were positive. Of them 7/17
(41.18%) were of total Allred score 8/8, 1/17 (5.89%)
was of total Allred score of 7/8, 2/17 (11.76%) were
with Allred score of 5/8, 3/17 (17.65%) were with Allred
score of 4/8 and 4/17 (23.52%) were of score 3/8.
Immunohistochemical staining for progesterone
receptors:

Of all cases 15/30 (50%) cases were positive. Of them
6/15 (40%) were of Allred score of 8/8, 3/15 (20%)
were of score 7/8, 3/15 (20%) were of score 4/8 and
3/15 (20%) were with Allred score of 3/8.
Immunohistochemical expression of Her2Neu:

Eleven of the total 30 cases (36.67%) cases were positive
for Her2Neu, 6/30 (20%) were equivocal, while 13/30
(43.33%) were negative

Immunohistochemical staining of ROS-1:

Ten of all cases (33.33%) showed ROS-1 expression.
Regarding stained cell proportion 4/10 (40%) cases were
of score 1, 1/10 (10%) was of score 2, and 5/10(50%)
were of score 3 (Figure 1).
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Figure 1: The ROS- positive cell proportion score of studied cases of mammary ductal carcinoma.
While for staining intensity(Figure 3), 3/10 (30%) were of score 1, 5/10 (50%)
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Figure 2: The ROS- positive cell intensity score of studied cases of mammary ductal carcinoma.
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Figure 3: Moderately intense staining for ROS 1 in mammary carcinoma (score 2) (X400

Figure : Intense staining for ROS 1 in mammary ductal carcinoma (score 3 intensity) (X400)

ROS-1 expression , the stained cell proportion and status (expression, stained cell proportion and staining
staining intensity did not showed significant statistical intensity) (ALL p Values were more than 0.05) as
correlation with estrogen and progesterone receptor explained in tables 1-10.
ER expression Total
Negative Positive
ROS-1 expression Negative 9 11 20
45.0% 55.0% 100.0%
Positive 4 6 10
40.0% 60.0% 100.0%
Total 13 17 30
43.3% 56.7% 100.0%
p=1.0 (N.S)
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Table 1: Association between the overall ROS 1 expression and ER expression in mammary ductal carcinoma

PR expression Total
Negative Positive
ROS-1 expression Negative 9 11 20
45.0% 55.0% 100.0%
Positive 6 4 10
60.0% 40.0% 100.0%
Total 15 15 30
50.0% 50.0% 100.0%
p=0.7 (N.S)
Table 2: Association between the overall ROS 1 expression and PR expression in mammary ductal carcinoma
ER proportion (Recoded) Total
Negative 1-30%(score 1-3) 31-100%(score4-5
ROS-1 proportion (Recoded) Negative 9 5 6 20
45.0% 25.0% 30.0% 100.0%
Score 1 2 2 0 4
50.0% 50.0% 0.0% 100.0%
Score 2-3 2 2 2 6
33.3% 33.3% 33.3% 100.0%
Total 13 9 8 30
43.3% 30.0% 26.7% 100.0%
p=0.81(N.S)

Table 3: Association between ROS 1-positive cell proportion and ER-positive cell proportion in mammary ductal
carcinoma.

PR proportion (Recoded) Total
Negative Score 1-3 Score 4-5
ROS-1 proportion (Recoded) Negative 9 5 6 20
45.0% 25.0% 30.0% 100.0%
Score 1 4 0 0 4
100.0% 0.0% 0.0% 100.0%
Score 2-3 2 1 3 6
33.3% 16.7% 50.0% 100.0%
Total 15 6 9 30
50.0% 20.0% 30.0% 100.0%

p=0.32(N.S)
Table 4: Association between ROS 1-positive cell proportion score and PR-positive cell proportion score in
mammary ductal carcinoma.

ER intensity (Recoded) Total
Negative Mild Moderate and High
ROS-1 proportion (Recoded) Negative 9 1 10 20
45.0% 5.0% 50.0% 100.0%
Score 1 2 0 2 4
50.0% 0.0% 50.0% 100.0%
Score 2-3 2 1 3 6
33.3% 16.7% 50.0% 100.0%
Total 13 2 15 30
43.3% 6.7% 50.0% 100.0%

p=0.84 (N.S)
Table 5: Association between ROS 1-positive cell proportion score and ER-positive cell intensity score in mammary
ductal carcinoma.

PR intensity (Recoded) Total
Negative Moderate and High
ROS-1 proportion (Recoded) Negative 9 11 20
45.0% 55.0% 100.0%
Score 1 4 0 4
100.0% 0.0% 100.0%
Score 2-3 2 4 6
33.3% 66.7% 100.0%
Total 15 15 30
50.0% 50.0% 100.0%

p=0.14 (N.S)
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Table 6: Association between ROS 1-positive cell proportion score and PR-positive cell intensity score in mammary
ductal carcinoma.

ER proportion (Recoded) Total
Negative Score 1-3 Score 4-5
ROS-1 intensity (Recoded) Negative 9 5 6 20
45.0% 25.0% 30.0% 100.0%
Mild 2 1 0 3
66.7% 33.3% 0.0% 100.0%
Moderate and High 2 3 2 7
28.6% 42.9% 28.6% 100.0%
Total 13 9 8 30
43.3% 30.0% 26.7% 100.0%

p=0.83(N.S)
Table 7: Association between ROS 1-positive cell intensity score and ER-positive cell proportion score in mammary
ductal carcinoma.

PR proportion (Recoded) Total
Negative | Score 1-3 Score 4-5)
ROS-1 intensity (Recoded) Negative 9 5 6 20
45.0% 25.0% 30.0% 100.0%
Mild 2 1 0 3
66.7% 33.3% 0.0% 100.0%
Moderate and High 4 0 3 7
57.1% 0.0% 42.9% 100.0%
Total 15 6 9 30
50.0% 20.0% 30.0% 100.0%

p=0.48 (N.S)
Table 8: Association between ROS 1-positive cell intensity score and PR-positive cell proportion score in mammary
ductal carcinoma.

ER intensity (Recoded) Total
Negative Mild Moderate and High
ROS-1 intensity (Recoded) Negative 9 1 10 20
45.0% 5.0% 50.0% 100.0%
Mild 2 1 0 3
66.7% 33.3% 0.0% 100.0%
Moderate and High 2 0 5 7
28.6% 0.0% 71.4% 100.0%
Total 13 2 15 30
43.3% 6.7% 50.0% 100.0%

p=0.18(N.S)
Table 9: Association between ROS 1-positive cell intensity score and ER-positive cell intensity score in mammary
ductal carcinoma.

PR intensity (Recoded) Total
Negative Moderate and High
ROS-1 intensity (Recoded) Negative 9 11 20
45.0% 55.0% 100.0%
Mild 2 1 3
66.7% 33.3% 100.0%
Moderate and High 4 3 7
57.1% 42.9% 100.0%
Total 15 15 30
50.0% 50.0% 100.0%

p=0.75 (N.S)
Table 10: Association between ROS 1-positive cell intensity score and PR-positive cell intensity score in mammary
ductal carcinoma.

A statistically significant correlation was noted between cases for Ros-1 (70%) were also positive for Her2Neu.
Ros-1 and Her2Neu expression (p Value is <0.05) as While 2/10(20%) were equivocal and 1/10 (10%) was
shown in table 11. Seven out of 10 positively stained negative for Her2Neu.
Her-2 Neu expression Total
Negative Equivocal Positive
ROS-1 expression Negative 12 4 4 20
60.0% 20.0% 20.0% 100.0%
Positive 1 2 7 10
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| 10.0% 20.0% 70.0% 100.0%
Total 13 6 11 30
43.3% 20.0% 36.7% 100.0%

p=0.01

Table 11: Association between ROS 1 expression and Her2Neu expression in mammary ductal carcinoma.

DISCUSSION

Beside its expression in glioblastoma multiforme and to
lesser extent in meningioma, ROS-1 expression was
proved to be associated with stomach cancer and in
hepatoma cell line in rat >}, ROS 1 mutated gene product
was assumed to contribute to malignant progression by
activation of tyrosine kinase pathway.

In the era of targeted therapy used to hit cancer
progression by targeting tyrosine kinase pathway, drugs
like entrectinib and crizotinib have been developed to hit
ros 1 pathway in lung adenocarcinoma (%),

These facts evoked a work to study the role of ROS 1
pathway in different human cancers including ovarian
carcinoma, sarcoma, cholangiocarcinoma and other 17,
Regarding breast lesions, ROS 1 was proved to be
expressed at levels more than two folds in fibroadenoma
than in normal breast tissue 8. Ros1 mutation detection
is not routinely assessed in breast cancer, yet Benjamin et
al proved exceptional responses to crizotinib in patients
with breast cancer in whom MET and ROS 1 mutation
were detected by next generation tumor sequencing (NGS)
(1920 highlighting its proposed oncogenic role in
mammary carcinoma.

Although Ros1 mutation was first characterized by FISH
and Tissue Micro Array (TMA) assays, recently developed
antibodies were proved to be valuable in assessing
mutated ros1 protein by immunohistochemistry @b,
Classifying breast cancer into molecular subtypes is an
important aspect of treatment decision making. Classical
immunohistochemical assessment of ER, PR and
Her2Neu of breast cancer play a crucial role in mammary
carcinoma molecular classification and considered an
important clinicopathological factor by itself to be
correlated with other tumor aspect®? 2%, In this study we
correlated this aspect with the immunohistochemical
expression of ROS 1 protein. In this way we can guess the
prognostic value of ROS 1 in mammary ductal carcinoma.
In this study we did not found statistically significant
correlation between expression of ROS 1 and hormonal
receptor status (ER and PR) assessed by Allred scoring
system. Neither stained cell proportion nor staining
intensity for both receptors was correlated with ROS1
expression (assessed by stained cell proportion and
staining intensity).

Minseob Eom, et al found that 70% of cases positive for
Ros-1 were positive for ER while 30% were negative for
ER (4, yet neither the staining intensity nor stained cell
proportion was explained in their study. In somewhat
similar finding in this study 6/10 (60%) of ROS1 positive
cases were also positive for ER while 4/10 (40%) were
negative for ER while the opposite was found regarding
PR expression as 4/10 (40%) of cases were positive for
PR and 6/10(60%) were negative for PR.

In this study ROS1 expression was significantly
correlated with Her2 Neu expression (p value was less
than 0.05) as 7/10 (70%) were also positive for Her2Neu,
2/10 (20%) were equivocal and 1/10(10%) was negative.
As Her2Neu expression is considered a poor prognostic
factor by itself ?¥ we can suggest that ROS 1 expression
could also represent also a poor prognostic factor. When
Minseob Eom et al used Kaplan Meier analysis in their
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study they found that higher ROS 1 expression was
associated with lymph node metastasis which is a poor
prognostic factor opposite to their final conclusion that
ROS 1 expression is associated with good prognosis when
they correlate it with grade, mitotic index and Ki67
proliferative index 04,

What also suggest that ROS1 alterations are associated
with poor prognosis are the findings of Jeremy Force et al
who found that these alterations are significantly
associated with metastatic breast cancer spread to the
brain and lymph nodes ©%. These findings call for
studying ROS 1 expression prognostic significance
individually with following up patients clinically for a
significant period.

Apart from its prognostic significance, ROS 1 expression
could open the way for the use of targeted therapy
(tyrosine kinase inhibitors) in breast cancer as the work
of Benjamin M. et al showed () by inducing growth
inhibition and cell death (29,

We recommend that ROS 1 alterations need to be studied
more in mammary carcinoma and to be studied
individually as a prognostic factor particularly if the use
of tyrosine kinase inhibitors is considered in cases
showed alterations of ROS1.
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