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عيمجيفثانلإلةتيمملاضارملأارثكأنميدثلاناطرسربتعي:ثحبلافادهأ
يفعفترملاتايفولالدعمىزعي.طمنلاسفنقارعلايفرهظيو،ملاعلاءاحنأ
لاعفجلاعنعثحبلادعي.ةيديلقتلاتاجلاعللةيئايميكلاةمواقملاىلإبلاغلا
ناطرسلاعاونأدضاطاشنترهظأيتلاةدعاولالماوعلادحأو،ةرورضنمآو
.كيونيتيرلاضمحوهةفلتخملا

ايلاخطوطخنمةعومجمدضكيونيتيرلاضمحرابتخامت:ثحبلاةقيرط
ضيرملانمةقتشملايدثلاناطرسايلاخبهتنراقموةيلودلايدثلاناطرس
مييقتلينولسايقرابتخامادختسابتانومرهلانعةلقتسمايلاخيهيتلاويقارعلا
متامك،بولقملارهجملاتحتةيولخلاضارملأامييقتمت.يبلاقتسلااةيلخلاطاشن
نيديركأمويديبوربديدويرابتخامادختسابجمربملاايلاخلاتومضيرحتمييقت
.يلاقتربلا

ةساسحتناك"13هيجماهيا"يدثلاناطرسايلاخنأجئاتنلاترهظأ:جئاتنلا
يس"و"7-فايسما"ايلاخنمرثكأكيونيتيرلاضمحهببسييذلالتقلاريثأتل
اريثأتةيعيبطلا"100-لإيبشتا"ايلاخترهظأ،لباقملايف."51-لإهيا

ضمحبةجلاعملاةيناطرسلاايلاخلاعيمجيفةيولختاريغتتظحول.لايئض
.ةيعيبطلا"100-لإيبشتا"ايلاخيفتاريغتدوجومدععم،كيونيتيرلا
نمىلعأةبسننييقارعلاىضرملانمةقتشملايدثلاناطرسايلاخترهظأ
كيونيتيرلاضمحباهتجلاعمدنعجمربملاايلاخلاتوملتعضخيتلاايلاخلا
.ىرخلأايدثلاناطرسايلاخبةنراقم
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Abstract

Objective: Breast cancer is one of the most lethal diseases

in women, both worldwide and in Iraq. The high mor-

tality rate is attributed primarily to the chemoresistance

to conventional therapeutics. The search for effective and

safe treatments is critical. One promising agent that has

shown activity against various cancer types is retinoic

acid (RA).

Methods: RA was tested against a panel of international

breast cancer cell lines and compared with Iraqi patient-

derived hormone-independent breast cancer cells

through MTT viability assays. Cytopathology was

assessed under an inverted microscope, and apoptotic

induction was evaluated with acridine orange propidium

iodide assays.

Results: AMJ13 breast cancer cells were more sensitive to

killing induced by RA than MCF-7 and CAL-51 cells. By

contrast, normal HBL-100 cells showed a negligible ef-

fect. Cytological changes were observed in all cancer cells

treated with RA, whereas no changes were observed in

normal HBL-100 cells. Iraqi patient-derived breast cancer

cells showed a higher percentage of cells undergoing

apoptosis after RA treatment than the other breast can-

cer cells.
y. This is an open access article under the CC BY-NC-ND license
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Conclusion: We suggest RA as a possible breast cancer

treatment with potential for clinical application with high

safety.

Keywords: AMJ13; Breast cancer; CAL-51; HBL-100;

MCF-7; Retinoic acid
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Introduction

Traditional cancer treatments, such as chemo/radio-
therapy and surgery, have several limitations and fail to treat

many advanced cancer forms in humans and animals.1

Vitamin A is highly important but is not produced by
animals and must be obtained through a plant-based diet.2

Some carotenes, isotretinoin, retinal, retinol and retinoic

acid (RA) are all vitamin A derivatives.3 The ability of RA
to treat cancer is well known, such as its influence on
cancer cell growth through differentiation and death.4 RA

has been found to stimulate the mitochondrial pathway,
thus resulting in cell differentiation arrest and apoptosis.5

All-trans retinoic acid (ATRA) appears to be a potential

drug for human leukemia cell growth inhibition, whereas
RA shows excellent promise as a chemotherapeutic agent
in the treatment of acute promyelocytic cancer.6,7 A lack of
RA signaling has been proposed to obstruct normal

differentiation in response to carcinogenic stimuli, thus
resulting in pancreatic cancer, whereas restoring retinoid
signaling may be a unique therapeutic option. One study

has indicated that 30 days of treatment with RA eliminates
tumorigenicity in human hepatoma cells.8

The AMJ13 cell line (Ahmed, Mahfoodha, Mortadha,

Jabria-2013) was established in 2014 as the first Iraqi breast
cancer cell line. AMJ13 cells were isolated from the main tu-
mor of an Iraqi woman with breast cancer.9 This cell line

expresses BRCA1 and BRCA2, but not vimentin, or
estrogen or progesterone receptors. It is also weakly positive
for HER2/neu gene expression.10 Many prior studies have
investigated the potential effects of RA against international

breast cancer cell lines, such as MDA and MCF-7, and have
found that it inhibits their growth.11,12 This study was aimed
at comparing the effects of RA on two international breast

cancer cell lines (MCF-7 and CAL-51) and a local breast
cancer cell line (AMJ13), to determine whether morphological
changes, growth inhibition, cell proliferation and apoptotic

effects might be achieved in vitro.

Materials and Methods

Cell lines

The human cell lines HBL-100, MCF-7, AMJ13 and
CAL-51 were provided by the Iraqi Center for Cancer and
Medical Genetics Research, Mustansiriyah University, cell

bank unit. HBL-100, MCF-7 and CAL-51 cells were
maintained as monolayer cultures in minimum essential
medium (MEM) supplemented with 10% fetal calf serum

(FCS), whereas AMJ13 cells were grown in RPMI-1640
enriched with 10% FCS. The cells were frequently tested
for typical growth features and were validated. Passage 28

AMJ13 cells were used in this investigation.

Retinoic acid

RA (Haihang Industrial (Jinan) Co., Ltd, China) was
prepared by dissolving 7 mg of RA powder in 5 ml (1%
DMSO Plus serum-free medium) and filtering through a
0.2 mm Nalgene syringe filter to prepare a 5 mM stock

solution.13

Exposure of the cell lines to RA

The confluent cell monolayers were treated with serial
dilutions (400, 300, 200, 100, 50 or 25 mg/ml) of RA stock
solution (5 mM) prepared with RPMI-1640 medium. In

addition, negative controls treated with serum-free medium
were included to ensure that the test was valid for each
experiment. HBL-100 cells (non-cancerous cells) underwent

the same treatment. For each concentration examined, three
replicates were used. The cells were incubated at 37 �C for
48 h in a humidified environment with 5% CO2.

13

Cytotoxicity of RA

We used 3-(4,5-dimethylthiazol-2-yl)-2, 5-
diphenyltetrazolium bromide (MTT) assays (Bio-world,

USA) to assess the viability of breast cancer (MCF-7,
AMJ13 and CAL-51) and normal (HBL-100) cells. MTT is a
water-soluble yellowish dye that is quickly absorbed by living

cells and reduced by mitochondrial dehydrogenase. A blue
formazan is produced from the water-insoluble reduction
product, which is subsequently dissolved in dimethyl sulf-

oxide (DMSO) solution for colorimetric detection. Cells
were cultivated on 96-well plates (10,000 cells per well) and
treated with different concentrations of RA (400, 300, 200,

100, 50 or 25 mg/ml). After 48 h incubation, the cells were
washed with phosphate-buffered saline (PBS), and then
0.5 mg/ml MTT solution was added for up to 2 h. After the
supernatant was discarded and cells were dried, 100 ml
DMSO was applied to each well. Photometric spectropho-
tometric analysis was used to determine the extinction values
at 570 nm.14 The following formula was used to calculate the

rate of growth inhibition (cytotoxicity percentage) as
follows: growth inhibition percentage ¼ (A � B)/A � 100,
where A represents the mean optical density of control

wells, and B represents the mean optical density of treated
wells.15 The inhibitory concentration for eliminating 50%
of infected cells (IC50) was determined in GraphPad Prism
7.0 (version 2016) program.

Morphological study

Hematoxylin stain was poured onto formalin-fixed cells

for 3e5 min, then washed with distilled water. Subsequently,
adherent cell slides were soaked with eosin stain for 1e2 min.
After dehydration of stained cells with 90% ethanol, slides

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 1: Cytotoxic effects of retinoic acid on different cell lines.

No. Cell line IC50 (mg/ml) R2 value

1 HBL-100 454.8 � 5.7 e

2 CAL-51 169.1 � 8.2 0.9825

3 MCF-7 139.9 � 4.6 0.9798

4 AMJ-13 104.7 � 3.8 0.9861
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were soaked with absolute alcohol. Finally, cell sections were
maintained with a xylene-based mounting medium.

Apoptosis assays

The apoptosis triggered by RA in breast cancer cell lines

was detected with acridine orange-propidium iodide (AO-PI)
stain. The AO-PI stain was prepared by mixture of 1 ml
acridine orange and 1 ml propidium iodide in 1 ml PBS in a

1:1 ratio. Cell lines were grown in 96-well plates. After 80%
proliferation, cancer cells were treated with RA for 48 h (on
the basis of the IC50 for each cell line). Control wells were left
untreated. The medium was then removed, and the cells were

stained with 50 ml/well AO-PI stain. The stain was removed
from the wells after 20 s. An inverted fluorescence micro-
scope was used to investigate and photograph morphological

differences in live and apoptotic cells.16 Live and dead cells
were stained with AO dye. Cells with damaged membranes
were stained with PI. The color of living cells was

uniformly green. Apoptotic cells incorporate PI, thus
resulting in orange staining.17 The results were calculated
in ImageJ version 1.47 software, thus distinguishing

between living and apoptotic cells.

Statistical analysis

For all triplicate readings, data are reported as
mean � standard deviation (SD). Multiple comparisons of
Figure 1: In vitro growth inhibition of different concentrations of ret

HBL-100 cells.
one-way variance assessment were used to elucidate differ-
ences among groups on the basis of statistical significance

estimation (GraphPad Prism version 7.0 for Windows,
GraphPad Software, San Diego, CA, USA) to evaluate the
cytotoxicity and identity of the effects of RA on apoptosis in

MCF-7, AMJ13 and CAL-51 cell lines in vitro. Statistical
significance was defined as p < 0.05.

Results

Cytotoxicity of RA in breast cancer cell lines

To calculate the IC50, we treated proliferating MCF-7,

AMJ13, CAL-51 breast cancer cell lines and normal
HBL-100 cells with a serial dilution of RA (400, 300, 200,
100, 50 or 25 mg/ml). MTT assays was conducted after a
48-h incubation period. The growth inhibition and IC50

were calculated as a percentage of viable cells after RA
inoic acid on MCF7, AMJ13 and CAL51 breast cancer cells, and



Figure 2: Cytotoxic effect of retinoic acid on MCF-7, AMJ-13, CAL-51 cancer cell lines and the HBL-100 normal cell line, determined by

MTT assays. Values are mean and SD for five replicates from three experiments (IC50). (****p < 0.05 compared with HBL100).
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treatment with respect to control cells that had not been
exposed to RA. The growth inhibition was dose depen-

dent, and the inhibitory effect of RA differed among cell
lines (Figure 1).
The cytotoxic effects of RA were calculated (Table 1). RA
had a cytotoxic effect on breast cancer cell lines (MCF-7,

CAL-51 and the local breast cancer cell line AMJ13), with
IC50 values of 139.9� 4.6, 169.1� 8.2 and 104.7� 3.8 mg/ml,



Figure 3: Retinoic acid’s cytopathic effect on breast cancer cell lines and the HBL-100 cell line. Untreated control cells maintained their

characteristic morphology (A, C, E, G). After 48 h of treatment with retinoic acid, cytotoxic effects were observed (B, D, F, H). Cancer

cells appeared as shrunken clumps of dead cells with wide flatulent spaces and cell debris. HBL-100 cells appeared to be unaffected (20 � ,

H&E).
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respectively. However, at these concentrations, RA had a less
significant effect on HBL-100, with an IC50 of 454.8� 5.7 mg/
ml (Figure 2). The growth inhibition of cancer cells by RA
appeared to be dose dependent, with R2 > 0.97. Normal
cell lines showed minimal growth inhibition, whereas

cancer cell lines showed significant growth suppression
(p < 0.05).
Morphological characterization

On the basis of hematoxylin and eosin staining, the

morphology of treated and untreated cells was observed in
microphotographic images (Figure 3). The cellular features
of untreated cells were similar to those of the origin cell

line. The morphological changes in treated cells were



Figure 4: Fluorescence microscopy images of mitochondrial

permeability transition apoptosis tests in breast cancer cells. After

48 h, the non-treated MCF7 (A), AMJ13 (C) and CAL51 (E) cells

stained green, whereas the treated MCF7 (B), AMJ13 (D) and

CAL51 (F) cells stained red (20 � ).
Figure 5: Apoptosis test histogram of (AMJ13, MCF-7 and CAL-

51) cell lines (20 � ). (A) The proportion of apoptotic cells was

2.4% in untreatedAMJ13 cells. (B) The proportion of apoptotic cells

in the AMJ13 cell line was 73.6% 48 h after treatment with retinoic

acid (RA). (C) The proportion of apoptotic cells was 4.6% in un-

treated MCF-7 cells. (D) The proportion of apoptotic cells in the

MCF-7 cell line was 66.5% 48 h after treatment with RA. (E) The

proportion of apoptotic cells was 3.3% in untreatedCAL-51 cells. (F)

The proportion of apoptotic cells in the CAL-51 cell line was 64.02%

48 h after treatment with RA.

Figure 6: Proportions of apoptotic cells after 48 h treatment with

retinoic acid. Graph represent the variation in mean of apoptotic

cell between AMJ13, MCF-7 AND CAL-51. Statistical analysis

carried with paired t test, mean � SD, 0.033(*), (**)0.002; (ns) not

significant.
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characterized by damaged cell membranes and cell
shrinkage. Cell damage leads to the loss of shape and the
formation of spherical bodies, both of which are

characteristics of apoptosis.

Apoptosis induction by RA

Fluorometric cell viability assays with AO-PI were per-
formed to detect morphological alterations, as well as the
proportions of apoptotic, necrotic and normal viable cells

among the treated and untreated breast cancer cells. In live
cells, the nucleus and cytoplasm were tagged with green
fluorescence. Apoptotic cells accumulated propidium iodide,

thus resulting in red or orange fluorescence, along with
condensed nuclei that were frequently fragmented. Necrotic
cells were orange, lacked condensed chromatin and exhibited
a similar nuclear structure to that of viable cells.

The in vitro results indicated that RA treatment resulted
in significantly greater destruction of breast cancer cells and
induction of apoptosis than observed in the control group

(Figure 4). The proportion of apoptotic AMJ13 cells was
73.6 � 0.73%, n ¼ 3, whereas that of MCF-7 and CAL-
51 cells was 66.5 � 1.88%, n ¼ 3 and 64.02 � 4.02%, n ¼ 3

respectively, after treatment with RA (200 mg/ml) (Figure 5).
Furthermore, Image-J software was used to construct
histograms of the apoptosis test results for the different cell

lines (see Figure 6).
After treatment of each cell line with RA (200 mg/ml),

significant differences were observed in the means
percentages of apoptotic cells (p < 0.05) between the tested

breast cancer cell lines; AMJ13 and CAL-51 (**p; 0.0021),
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AMJ13 and MCF-7 (*p; 0.0332), but not between MCF-7
and CAL-51 (Figure 6).

Our findings suggested that the AMJ13 breast cancer cell
line was most sensitive to RA treatment. Consequently, RA
is a more successful therapy in the treatment of localized

breast cancer.
Discussion

The current study supports the use of RA as breast cancer
therapy, according to the in vitro results indicating effective

killing against most breast cancer types tested, particularly in
cells derived from an Iraqi patient.

The notion of using RA to treat cancer is not new. RA has

beendemonstrated tobe active in cancer therapy, and synthetic
retinoids have been investigated to treat numerous malig-
nancies, owing to their efficacy in cancer treatment.4,11 The

cytotoxicity effects of RA on three breast cancer cell lines
(MCF-7, CAL-51 and AMJ13) as well as the HBL100
normal cell line were investigated. The results indicated a dose-
dependent increase in cell killing percentage, but the effects on

CAL-51 and MCF-7 cells were lower, and no noticeable in-
crease in the effect of 400 mg/ml RA on AMJ13 cells was
observed (Figure 1). Experimental and/or clinical studies on

human breast cancer have demonstrated that RA inhibits the
functions of antioxidant enzymes, including peroxidase,
catalase and glutathione.18,19 High concentrations of RA

cause molecules to clump together, thus increasing their size
and hindering their passage across cellular membranes
exposed to RA, as observed in experiments. By contrast,

increasing the RA concentrations within rather than outside
cells prevents the entry of additional molecules, according to
laws of diffusion.20 Because the intracellular RA transporters
CRABP2 and FABP5 have been found to play opposing

roles in modulating the cellular response to retinoids, their
quantity inside cells may suggest breast cancer cell
responsiveness to ATRA.21

The local cell line (AMJ13) was most affected by RA, and
showed a lower IC50 value (104.7 mg/ml) than the interna-
tional cell lines (MCF-7 and CAL-51); the CAL-51 cancer

cell line was more resistant to RA. Furthermore, at the tested
concentrations, RA had a diminished effect on HBL-100,
with an IC50 of 454.8 mg/ml. Breast cancer is a heteroge-
neous tumor type that can be classified into subtypes on the

basis of the presence of biological markers such as estrogen
receptor (ER), progesterone receptor (PR) and human
epidermal growth factor receptor 2 (HER2).22 Moreover,

RA has a variety of receptors, such as retinoic acid
receptors (RAR), retinoid X receptors (RXR) and retinoic
acid receptor gamma (RARg), which interact with diverse

pathways such as the Wnt/b-catenin and b-catenin
pathways. The RAR and RXR receptors suppress Wnt/b-
catenin, whereas the RARg receptor functions as a tumor

oncogene, thus leading to the activation of the Wnt/b-
catenin pathway.23 Consequently, RA works in two
opposing ways, depending on its receptors.

The morphological changes in the cancer cell lines after

RA treatment indicated the cytopathic effects observed in
infected cells 48 h later. Many confined cells showed granu-
lation and shrinking, thus resulting in opaque foci due to

increased cell granulation.
In vitro, the cytotoxic effects and apoptosis of RA
appeared to result in significantly lower cancer cell viability

and more apoptosis than those observed in control cells.
ImageJ quantification indicated that the proportion of
apoptotic AMJ13 cells was 73.6� 0.73%, n¼ 3, whereas that

of MCF-7 and CAL-51 cells was 66.5 � 1.88%, n ¼ 3 and
64.02 � 4.02%, n ¼ 3, respectively, after treatment with RA
(200 mg/ml) (Figure 5). These findings suggest that the

AMJ13 breast cancer cell line was most sensitive to RA
treatment. Consequently, RA appears to be a more
successful therapy in the treatment of localized breast cancer.

Apoptosis is a well-organized process in which a cell’s

genome is broken into smaller fragments and consumed by
neighboring (phagocytic) cells).24 If apoptosis does not
occur, these damaged cells may survive and grow into

cancer cells. When cells are not connected to other cells or
the extracellular matrix, they “self-destruct”.25 Pro-death
proteins (BH3) accumulate in malignant cells but are not

sufficient to counteract the increase in anti-apoptotic pro-
teins (Bcl-2). Medications that mimic BH3 proteins can also
boost pro-death signals, thus triggering apoptosis pathway
forward and triggering apoptosis.26 Several agents directly

targeting the anti-apoptotic proteins Bcl-2 and IAP are be-
ing tested, whereas other agents preserve pro-apoptotic
components that have been removed, such as caspase activ-

ity or p53 gene expression.27

RA receptor beta mediates retinoid activity in breast
cancer cells by inducing apoptosis.28 According to Chen

et al., HOXA5 functions immediately downstream of
RARb and may play a role in retinoid-induced apoptosis
and growth inhibition.29

Conclusions

Our observations suggest that RA controls cancer cell

proliferation through cell death. In breast cancer cells, RA
induced apoptosis, particularly in the local breast cancer cell
line (AMJ13), which was most susceptible to RA treatment.

Consequently, RA may be a promising treatment for breast
cancer with high clinical potential and safety.
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