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Abstract

Purpose: Breast cancer is one of the most common and leading causes of death in
women. The mechanism by which breast cancer develops is not fully understood.
Understanding the mechanism of initiation and the genes and proteins involved in this
process may help us to fight this type of cancer. The LMAN2 gene encodes VIP36, which
transports properly folded proteins. The main aim of this study was to investigate the
expression of the LMANZ2 gene at the molecular level in breast cancer cells with different
functional defects. Determining the level of LMAN2 gene expression under hypoxia,
known as oxygen deprivation, has a significant impact on tumourigenesis and
metastasis, and obtaining new data on the relationship between hypoxia and ER stress
was identified as a secondary objective.

Material and methods: In this study, the expression level of the LMAN2 gene will be
examined in breast cancer cell lines (SKBR3, MDA-MB-231, MDA-MB-468, MCF-7) and
CRL4010 cell line as a control.

Results: LMAN2 gene expression level was evaluated at 48-hour periods by providing
normoxic and hypoxic conditions. While the LMAN2 gene expression level in MCF-7,
MDA-MB-231, and SK-BR-3 cells is significantly reduced, it was highly expressed in
MDA-MB-468 in hypoxic and normoxic conditions. CHOP, HERP, and BiP gene
expression levels were significantly higher in MDA-MB-468 under hypoxic conditions like
LMAN2 expression.

Conclusion: LMAN2 and other ER stress response elements showed different
expression profiles in SK-BR-3, MDA-MB-231, MDA-MB-468, and MCF7 cell lines under
hypoxic conditions. Increased expression was found in MCF-7 and MDA-MB-468 cell
lines, but decreased expression was detected in SK-BR-3 and MDA-MB-231 cell lines.
The underlying reason for this difference is thought to be that the cell lines have different
molecular properties, such as triple negative or HER2 (+/-) status.
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Makale bashgi: Meme kanseri hiicrelerinde LMAN2 gen ifade dizenlenmesinin hipoksi
ve normoksi kosullarinda arastirilmasi.

Kisa bashk: Meme kanseri hucre hatlarinda LMANZ2'nin hipoksi ve normokside
arastiriimasi.

0z

Amag: Meme kanseri kadinlarda en sik gorulen ve 6lume neden olan kanser turleri
arasindadir. Meme kanserinin baslama mekanizmasi tam olarak ac¢ik degildir. Ortaya
cikis mekanizmasini ve bu suregte yer alan genleri ve proteinleri anlamak, bu kanser
tirlyle muicadelemizde yardimci olabilecegini dusunmekteyiz. LMAN2 geni, dogru
katlanmig proteinleri tasiyan VIP36'y1 kodlar. Bu g¢alismanin temel amaci, cesitli
fonksiyonel bozukluklara sahip meme kanseri hucrelerinde LMAN2 geninin
ekspresyonunu molekiler diizeyde incelemektir. Oksijen eksikligi kosullari olarak bilinen
hipoksi altinda LMANZ2 gen ekspresyon duzeyinin saptanmasi, tUmorigenez ve metastaz
Uzerinde 6nemli bir etkiye sahiptir ve hipoksi ile ER stresi arasindaki iliski hakkinda yeni
veriler elde edilmesi de ikincil bir hedef olarak belirlenmistir.

Gere¢ ve yontem: Bu calismada, meme kanseri hlcre hatlarinda (SKBR3, MDA-MB-
231, MDA-MB-468, MCF-7) ve kontrol olarak CRL4010 hticre hattinda LMANZ2 geninin
ifade dlzeyi incelendi.

Bulgular: LMANZ2 gen ekspresyon duzeyi normoksik ve hipoksik kosullar saglanarak 48
saatlik periyotta degerlendiriimigtir. MCF-7, MDA-MB-231 ve SK-BR-3 hicrelerinde
LMAN2 gen ekspresyon dizeyi dnemli dlgude azalirken, MDA-MB-468'de hipoksik ve
normoksik kosullarda ylksek duzeyde eksprese edildi. CHOP, HERP ve BiP gen
ekspresyon seviyeleri, LMAN2 ekspresyonu gibi hipoksik kosullar altinda MDA-MB-
468'de dnemli Olgude daha yuksekti.

Sonug: LMAN2 ve diger ER stres yanit elemanlari hipoksik kosullar altinda SK-BR-3,
MDA-MB-231, MDA-MB-468 ve MCF7 hucre hatlarinda farkli ekspresyon profilleri
gostermigtir. MCF-7 ve MDA-MB-468 hucre hatlarinda artmis ekspresyon bulunurken,
SK-BR-3 ve MDA-MB-231 hucre hatlarinda azalmis ekspresyon tespit edilmigtir. Bu
farklihgin altinda yatan nedenin, hicre hatlarinin Ggli negatif veya HER2 (+/-) durumu
gibi farkh molekuler 6zelliklere sahip olmasi oldugu distunulmektedir.

Anahtar kelimeler: ER stres, hipoksi, LMAN2, meme kanseri, apoptoz.



Introduction

Breast cancer (BC) has a significant socioeconomic impact due to its high incidence
worldwide. Recent studies have shown that significant advancements in cancer
prevention and treatment, as well as a better understanding of cancer biology, have been
made thanks to the rapidly evolving technologies of today. In developed nations, cancer-
related fatalities continue to be common and account for about 25% of all deaths [1]. BC
is in the first place for cancer diagnoses in the United States and despite lots of studies
on this, it has the second place of mortality in this list after lung cancer [2]. BC is a
heterogeneous disease with a wide range of histological and molecular characteristics
caused by genetic, epigenetic, and transcriptomic changes, as well as a range of clinical
manifestations, therapeutic responses, and formations. The diagnosis, prognosis, and
treatment of BC are all impacted by this phenotypic variation [3]. It is not entirely clear
how breast cancer begins [4]. Additionally, hormonal pathways affect breast cancer.
Each evaluated molecular pathway enters an even more complex biological process with
the effect of hormones. For this reason, elucidating the molecular infrastructure of breast
cancer is becoming more and more important. With breast cancer cell lines with different
characteristics (with different hormones and receptors active), it will be more possible to
understand this complex mechanism and move on to clinical studies.

The endoplasmic reticulum (ER) is the most significant organelle in eukaryotic cells
that is in charge of protein folding. Properly folded proteins in the ER are transported to
other organelles or the cell membrane via cargo receptor proteins. The lectin structured
LMAN2, also known as the VIP36 protein, is one of the cargo receptor proteins in charge
of this transport. Previous research has shown that gastric, ovarian, and prostate cancers
have elevated levels of the LMAN2 gene expression [5]. Additionally, epigenetic changes
in neurodegenerative diseases like multiple system atrophy cause a decrease in the
control of protein folding. As a result, by facilitating the transport of glycoproteins folded in
the ER, this cargo protein regulates the traffic between the ER, golgi and cell membrane
[6]. By ensuring that proteins that are misfolded and have escaped from control in the ER
are returned to the ER, it also actively participates in the folding and transport of proteins
in the cell [7]. The fact that the protein modifications between LMANZ2 and cancer are
among the types of diseases caused by the loss of control led us to examine the
expression level of this gene in breast cancer. Another factor that causes ER stress is
hypoxia, which is defined as a lack of oxygen in the body [8]. Due to insufficient oxygen
levels, hypoxia causes protein misfolding, which then causes ER stress and activates the
unfolded protein response (UPR) system [9]. ATF6, IRE1, and PERK are activated by
BiP, an ER chaperone in the UPR pathway, which binds to misfolded proteins and



cleaves them. The cell can enter the apoptosis pathway thanks to the activation of some
nucleus-to-ER communication pathways by the released PERK, IRE1, and ATF6 [10].

The LMAN2 gene encodes VIP36, which acts as a cargo receptor protein in the
endoplasmic reticulum. This protein, which transports folded proteins from the ER to
other organs, is also responsible for bringing misfolded proteins back to the ER.
Accumulation of misfolded proteins, which is one of the elements in cancer pathogenesis,
may be caused by abnormalities in carrier proteins such as VIP36. This study aimed to
reveal subcellular changes in breast cancer cells. The expression level of the LMAN2
gene, which encodes the cargo receptor protein in breast cancer cells, was investigated
to reveal which changes at the ER level are associated with cancer formation. Advanced
analyses were planned based on the results of this study.

It is aimed to determine the gene expression level of LMAN2 and ER stress
elements in hypoxia conditions known as oxygen deficiency, which has an important

effect on the formation of tumorigenesis and metastasis in breast cancer.

Materials and method
Culturing cell lines

Cancer cell lines SK-BR-3 (ATCC, HTB-30), MDA-MB-231 (ATCC, HTB-26), MDA-
MB-468 (ATCC, HTB-132), and MCF7 (ATCC, HTB-22) and normal breast epithelial cell
CRL-4010 (ATCC) as control were used to determine the LMAN2 gene expression level.

The cells, which were frozen in cryotubes at -196°C in a liquid nitrogen tank, were
transferred to 100 mm Petri dishes after thawing and in media containing 10% serum and
1% antibiotics; They were cultured in an incubator at 5% CO:2 and 37°C. DMEM-F12
(Gibco, 11320) medium for MDA-MB-231, MDA-MB-468, MCF-7, and CRL4010;
RPMI1640 (Gibco, 11875) medium was used for SK-BR-3. Fetal bovine serum (Gibco,
26140079) was used as a serum, and penicillin/streptomycin (Gibco, 15140122) was
used as an antibiotic. The medium was changed every 2-3 days until these cells were
fully confluent (80-90%).
Hypoxia conditions

To determine the gene expression level of the LMAN2 in breast cancer cells under
hypoxia and normoxia conditions, 21% of the oxygen level was used as normoxia, and
5% oxygen level was used as hypoxia in the incubator with 5% CO2 and 37°C.
Determination of cell viability in hypoxia conditions

MTT  [3-(4.5-dimethylthiazol-2-yl)-2.5-diphenyltetrazolium  bromide] (Thermo
Scientific, M6494) assay was performed to analyze the viability of cells under norm- and

hypoxia conditions. After cells reached 80-90% confluency under appropriate conditions,



they were counted and seeded in 1000 cells/well in 96-well cell culture plates. Then they
cultured in norm- and hypoxia conditions for 24, 48, and 72 hours. At the end of the
specified times, MTT solution was added to each well at 0.5 mg/mL final concentration
and incubated for 3-4 hours. Then, DMSO (Sigma Aldrich, D2650) was added to the
wells and incubated at room temperature for 10 minutes in a dark place to dissolve the
formazan crystals formed by MTT. Each well was read with a microplate reader (Thermo
Scientific™ Multiskan™ GO Microplate Spectrophotometer) at a wavelength of 570 nm,
and the cytotoxicity level was determined according to the absorbance value read. The
viability levels of the cells were calculated by dividing the tested wells by the control
condition.

After calculation, all results were normalized with the control cell (CRL-4010 normal
mammary epithelial cell) results. The time to stay in hypoxia, which has a 50% cytotoxic
effect compared to the control, was accepted as cytotoxic hours.

Determination of gene expression of Iman2 and er stress markers in hypoxia
conditions

Following the cell viability analysis, 3x10° cells/well of cells were passed into a 6-
well plate and incubated for 24 hours under normal conditions. Then, cells were
incubated simultaneously for 48 hours under norm- and hypoxia conditions. Following
incubation, cells were harvested for total RNA isolation, cDNA synthesis, and quantitative
real-time polymerase chain reaction (QRT-PCR) analysis. After 48 hours of incubation,
total RNAs were obtained with the total RNA isolation kit (Thermo Scientific, KO731) in
line with the manufacturer's recommendations. The purity and concentration analysis of
the obtained RNAs was performed using a spectrophotometer (Thermo Scientific™
Multiskan™ GO Microplate Spectrophotometer). To determine the expression level of the
LMAN2 gene, cDNA synthesis using 1 ug of RNA was performed using a commercially
available kit (Thermo Scientific, K1621). PCR cycling conditions for cDNA synthesis were
10 min. 25°C, 15 min. 42°C and 5 min. 85°C. The expression level of the obtained
cDNAs and the genes whose primer sequences are given in Table 1 were checked. In
the study, primers suitable for detecting the mRNA levels of the LMAN2 gene were
determined using Primer3 and NCBI databases, and the synthesis of these primers was
commercially performed by Sentromer DNA Technologies (Turkiye) as in Table 1. The
GAPDH gene was used as a housekeeping internal control. To evaluate the effect of
hypoxia condition on ER stress, the expression levels of BiP, CHOP, and HERP genes
belonging to the UPR system activated under ER stress conditions were also examined

as positive controls.



RealQ Plus 2x Master Mix Green kit (Ampligon, A323406) was prepared according
to the manufacturer's recommendations and qRT-PCR was performed in 40 cycles in the
thermal cycler (Bio-Rad, CFX Connect); 10 sec. 94°C, 30 sec. 55°C, 30 sec. 72°C using
a temperature program. The cycle threshold values (threshold cycle/Ct) of the gene for at
least two replicates of each sample examined in the study were normalized by GAPDH
as the reference gene, and delta cycle threshold (ACt) values were calculated. AACt
values were calculated by comparing them to the control group. Relative expression of
each gene is calculated by using the formula 2-22¢t, The represented data in the figures
are the mean of technical and biological replicates + Standard Deviation (SD).

Statistical analysis of data

All experiments were performed with at least two biological and two technical
replicates. Statistical analysis of the data was done using the “SPSS 26 (IBM Inc.,
Chicago, IL, USA)” package program. Two-tailed distribution and t-test analysis were
used for data analysis. The statistical significance of the results obtained was evaluated
over a p-value of 0.05, and values with a p-value of £0.05 were considered reliable.

This study has been designed as an in vitro and worked on human cell lines. This

study does not require ethics committee approval.

Results
LMANZ2 gene expression is differentially regulated in breast cancer cell lines

It was determined that LMAN2 gene expression decreased 0.06, 0.09, and 0.11-
fold in MCF-7, MDA-MB-231, and SK-BR-3 cells, respectively, when compared to healthy
breast cells. It was found that it increased 1.81 fold in MDA-MB-468 (Figure 1). According
to the results obtained, LMAN2 is suppressed in MCF-7, MDA-MB-231, and SK-BR-3
breast cancer cell lines under normal conditions, while it is overexpressed in MDA-MD-
468 cell lines.
Hypoxia conditions affect cell viability in breast cancer cell lines

As a result of the cell viability test at the end of 24, 48, and 72 hours, breast cancer
cells normalized with healthy breast epithelial cells as a negative control showed different
survival patterns under norm- and hypoxia conditions (Figure 2). At the end of 24 hours,
cell viability was decreased in MDA-MB-231, MDA-MB-468, and MCF-7 cells, while cell
viability increased in SK-BR-3 cells under hypoxia conditions. After 48 hours, a decrease
in cell viability was observed in all cancer cells, while no change was observed in the
MCF-7 cell line. After 72 hours, a decrease in cell viability was detected in all breast

cancer cell lines. Since the 48™M-hour findings were statistically significant when the



obtained data were analyzed, cells kept in hypoxic conditions for 48 hours were studied
to determine gene expression levels.

LMAN2 gene expression under hypoxia is differentially regulated in breast cancer
cell lines

In determining the gene expression level under hypoxia conditions, the 48-hour
hypoxia period was taken into account according to the cell viability analysis. It was
observed that the LMANZ2 gene expression level increased 1.28-fold in healthy breast
epithelial cells under hypoxia conditions compared to normoxia conditions. CHOP gene
expression, which is the other ER stress-regulating gene, was suppressed 0.91-fold, and
on the other hand, HERP and BiP gene expression levels increased 1.41 and 1.89-fold,
respectively (Figure 3).

Moreover, there were different LMANZ2 gene expression levels in studied cancer cell
lines. The LMAN2 expression level was increased 2.95 and 7.57-fold, respectively, in
MCF-7 and MDA-MB-468 cell lines under hypoxia in comparison with control cell lines in
normoxic conditions. However, it was found that this gene expression was downregulated
in MDA-MB-231 and SK-BR-3 cell lines 0.75 and 0.65-fold, respectively (Figure 4).

The fact that hypoxia is a factor triggering ER stress and the increased LMAN2
expression in healthy cells suggests that the LMAN2 gene is involved in the ER stress
response. In addition, the difference in gene expression of the LMANZ2 gene in cancer
cells under hypoxia is thought to be due to the difference in the histopathological
characteristics of these cell lines. When the CHOP gene expression level, which is one of
the ER stress response elements, was normalized with CRL-4010 under hypoxia
conditions, it was observed that it increased 9.45-fold in MDA-MB-468 cells and 1.18-fold
in MDA-MB-231. On the other hand, it was determined that it decreased 0.12 and 0.10-
fold in MCF-7 and SK-BR-3 cells, respectively (Figure 5). When CHOP gene expression
was normalized with the expression level of each cancer cell line under normoxia
conditions, it was suppressed 0.94, 0.59, 0.38-fold in MCF-7, MDA-MB-231, and SK-BR-
3 cells, respectively. On the contrary, it was observed that it increased 3.36-fold in the
MDA-MB-468 cell lines (Figure 6).

It was also observed that the BiP gene expression level, which is one of the other
ER stress response elements, increased 19.84 times in MDA-MB-468 cells and 3.41
times in MDA-MB-231 when normalized with CRL4010 under hypoxia conditions. It was
determined that it decreased 0.35 and 0.93 in MCF-7 and SK-BR-3 cells, respectively
(Figure 7). When BIiP gene expression was normalized with the expression level of each

cancer cell under normoxic conditions, it increased 2.04, 17.51, and 1.34-fold in MCF-7,



MDA-MB-468, and SK-BR-3 cells, respectively, and in the other hand, it was found to be
suppressed 0.35-fold in MDA-MB-231 cell lines (Figure 8).

When HERP gene expression level, another ER stress response element, was
normalized with CRL-4010 under hypoxia conditions, it was observed that it increased
13.45 times in MDA-MB-468 cells and 1.41 times in MDA-MB-231. It was determined that
it decrease 0.24 and 0.23-fold in MCF-7 and SK-BR-3 cells, respectively (Figure 9). On
the other hand, when BiP gene expression was normalized with the expression level of
each cancer cell under normoxic conditions, it was increased by 3.46 and 1.04 times in
MDA-MB-468 and MDA-MB-231 cells, respectively, moreover, in MCF-7 and SK-BR-3
cells, it was found to be suppressed 0.97 and 0.77, respectively (Figure 10).

As a result, the gene expression level of LMAN2 differs according to the type of
breast cancer under normal conditions, and it also differs according to the cell type in
hypoxia conditions. While LMANZ2 and BiP overexpressed in the MCF-7 cell line, HERP,
and CHOP’s gene expression levels were decreased. In the MDA-MB-231 cell line,
LMANZ2, CHOP, and BiP gene expression levels are decreased while HERP is increased.
In SK-BR-3 cells, on the other hand, LMAN2, CHOP, and HERP gene expression levels
were increased while BiP was downregulated. Interestingly, the expression levels of all

genes are excessively increased in MDA-MB-468 cells.

Discussion

The endoplasmic reticulum is the organelle that is involved in the intracellular
organization and the realization and control of folding, which is one of the post-
translational modifications of proteins. This organelle, which has a unique system,
arranges itself by regulating the release of misfolded proteins into or out of the cell. In this
system, correctly folded proteins are transported by the cargo receptor protein VIP36. ER
stress develops and the cell switches to apoptosis when there is an accumulation of
folded proteins inside the cell. Cancer cells, which frequently resist apoptosis, are
regulated differently from normal cells in terms of this physiological regulation. For
instance, the cancer cell naturally escapes apoptosis and continues to exist in hypoxia,
even though hypoxia is one of the conditions that lead to ER stress in the cell and
triggers it to undergo apoptosis. In addition, hypoxia studies have shown that the
microenvironment both promotes cancer cell metastasis and confers resistance to
standard therapeutics [11]. This study aimed to determine how normoxia and hypoxia
affect the gene expression level of LMANZ2, which produces the VIP36 protein, one of the
ER cargo receptors. One of the hypotheses put forward at the beginning of the study,

"The pathogenesis of breast cancer under normal conditions is associated with the



change in the expression level of the LMAN2 gene" was supported by the detection of
different expression levels of LMAN2 in breast cancer cells showing different
histopathological features under normoxia conditions. As a result of the experiments,
LMAN2 gene expression was significantly suppressed in MCF-7, SK-BR-3, and MDA-
MB-231 cell lines. The MCF-7 cell line, which has a better prognosis than the others, has
Receptor Tyrosine-protein Kinase erbB-2 (HER2 -), Estrogen Receptor (ER +), and
Progesterone Receptor (PR +/-) immune profiles and is in the luminal class A. LMAN2
was suppressed in SK-BR-3, which is in the HER2 (+) class, which has a moderate
prognosis without ER and PR, and MDA-MB-231, which is known as triple negative with
a poor prognosis and in the low claudin class [12]. However, it increased 1.18 times in
the MDA-MB-468 cell line, which is also in the basal class with a triple-negative
prognosis. However, this increase is very small compared to the decrease in other cell
lines. In the studies conducted multiple databases, they found high levels of LMAN2 to be
associated with poor prognosis in HER2+ breast carcinoma. They also found that LMAN2
gene expression was regulated at different levels according to the clinicopathological
features of breast cancer [13, 14]. When studies on different cancer types were
investigated, it was reported that LMAN2 gene expression level increased in the prostate,
gastric, and ovarian cancers [6, 10, 15, 16].

As ER stress is induced in hypoxia conditions, increased gene expression of the
transcription factor CHOP is observed because this transcription factor induces apoptosis
by stimulating pro-apoptotic pathways [17]. However, it is expected that the expression of
the CHOP factor, which stimulates the pro-apoptotic pathway, will decrease in cancer
cells as it will help them escape from hypoxia apoptosis. In this study, CHOP was
significantly suppressed in MCF-7, MDA-MB-231, and SK-BR-3 cell lines under hypoxia
conditions. A study conducted in MCF-7 cells showed that CHOP expression was
increased by inducing ER stress with different external factors under hypoxia conditions
[18]. Furthermore, CHOP was significantly increased in MDA-MB-468 cells. At this stage,
the reason for the change in the CHOP gene expression level can be attributed to the
molecular infrastructure and clinicopathological features. Under hypoxia conditions, the
expression level of the BiP chaperone was increased in cells other than the MDA-MB-
231 cell line. In the study, it was determined that BiP expression increased, apoptosis
decreased, and migration triggered in hypoxic conditions in breast cancer cell lines [1].
While HERP was suppressed in MCF-7 and SK-BR-3 cells, it was increased in MDA-MB-
231 and MDA-MB-468 cells. HERP expression is one of the enzymes involved in protein
degradation that induces ER stress, which is suppressed under hypoxia conditions in

cancer cells, as in CHOP [19].



The most important limitation of the study is that it was only studied at the gene
level, and studies are aimed to be conducted at the protein level. In addition, new studies
are planned to investigate the relationship between LMAN2 and ER stress and apoptosis
in more detail.

In conclusion, different expression profiles in cancer cell lines may be due to the
molecular infrastructure of breast cancer. Under hypoxic conditions, LMAN2 gene
expression was higher in MCF-7 and MDA-MB-468 cells than in MDA-MB-231 and SK-
BR-3 cells. According to these findings, the LMANZ2 gene is suppressed in cancer cells
under normoxic conditions while its expression is increased under hypoxic conditions.
There is no information in the literature about the level of LMAN2 under hypoxic
conditions. Still, since LMAN2 is involved in this pathway, it can be assumed that its
expression should decrease further and increase if it iIs engaged in the migration-
promoting pathway.

In conclusion, hypoxia causes an increase in LMAN2 expression in healthy breast
epithelial cells. It might be a protein involved in the ER stress pathway. To support these
interpretations, more in-depth research is required.
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Figure 1. Regulation of LMANZ2 gene expression under normoxia and hypoxia conditions

Cells were normalized with CRL4010, normal breast ephitelial cells, N: normoxia, H: hypoxia
*: statistically significant p<0.05
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Figure 2. Comparison of cell viability under norm- and hypoxia conditions for 24, 48, and
72 hours
Cntl: control, Norm.: normoxia, Hypo.: hypoxia, DO1: 24 hours, DO2: 48 hours, D0O3: 72 hours

2,5

: 1.41
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A

Quantitative Gene Expresssion Level

LMAN2Z2 CHOP HERP
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Figure 3. Gene expression levels of genes regulating LMAN2 and ER stress in healthy
mammary epithelial cells under 48 h hypoxia conditions

LMAN2: lectin, mannose binding 2, BiP: Binding immunoglobulin protein, CHOP: C/EBP
homologous protein, HERP: Homocysteine-induced endoplasmic reticulum protein, *: statistically
significant p<0.05
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Figure 4. The gene expression level of LMAN2 gene expression at 48 hours hypoxia
condition

Cancer cells normalized with normoxia levels. N: normoxia, H: hypoxia, *: statistically significant
p<0.05

Quantitative CHOP Gene Expresssion
Level

Figure 5. Regulation of CHOP gene expression under normoxia and hypoxia conditions

Cells were normalized with CRL4010, normal breast ephitelial cells, N: normoxia, H: hypoxia
*: statistically significant p<0.05



Quantitative CHOP Gene Expresssion

Figure 6. The gene expression level of CHOP gene expression at 48 hours hypoxia
condition

Cancer cells normalized with normoxia levels, N: normoxia, H: hypoxia, *: statistically significant
p<0.05

Quantitative BiP Gene Expresssion
Level

Figure 7. Regulation of BiP gene expression under normoxia and hypoxia conditions
Cells were normalized with CRL4010, normal breast ephitelial cells, N: normoxia, H: hypoxia

*: statistically significant p<0.05
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Figure 8. The gene expression level of BiP gene expression at 48 h hypoxia condition

Cancer cells normalized with normoxia levels, N: normoxia, H: hypoxia, *: statistically significant

p<0.05
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Figure 9. Regulation of HERP gene expression in normoxia and hypoxia conditions

Cells were normalized with CRL4010, normal breast ephitelial cells, N: normoxia, H: hypoxia
*: statistically significant p<0.05



Quantitative HERP Gene Expresssion
Level

3.46

Figure 10. The gene expression level of HERP gene expression at 48 h hypoxia

condition

Cancer cells normalized with normoxia levels, N: normoxia, H: hypoxia, *: statistically significant

p<0.05

Table 1. Primers and sequences used in RT-PCR

Target Gene

Primer Sequence

GAPDH (F) 5' - CGA GAT CCC TCC AAA ATC AA - 3'
(R) 5 - TTC ACA CCC ATG ACG AAC AT - 3'
LMAN2 (F) 5 - ACA ATG GCT CCC TGT CCT AC - 3
(R) 5- CTC CCG TGA TGT CAA TGC AG - 3'
BiP (F) 5 - GCT GAG GCT TAT TTG GGA AAG - 3'
(R) 5 - TTA GGC CAG CAA TAG TTC CAG - 3'
CHOP (F) 5 - AGA ACC AGG AAA CGG AAA CAG A - 3'
(R)5 - TCT CCT TCATGC GCT GCT TT - 3
HERP (F) 5 - GGT TTA AGG CAA AGG GAA GTTC - 3

(R) 5' - AAA GCT GAA GCC ACC CAT AG - 3

GAPDH: glyceraldehyde-3-phosphate dehydrogenase, LMANZ2: lectin, mannose binding 2, BiP:
Binding immunoglobulin protein, CHOP: C/EBP homologous protein, HERP: Homocysteine-
induced endoplasmic reticulum protein, F: Forward Primer Sequence, R: Reverse Primer

Sequence



Okudu C, Agturk G, Kesim E, Ebrahimi A. Expression profiles of LMANZ in breast cancer cell

Okudu C, Agtirk G, Kesim E, Ebrahimi A. Meme kanseri hucrelerinde LMAN2 gen ifade
duzenlenmesinin hipoksi ve normoksi kogullarinda arastiriimasi. Pam Tip Derg 2025;18:...-

Ceyda Okudu, Asst. Prof. Halic University, Faculty of Health Sciences, Nutrition and Dietetics,
Istanbul, Turkiye, e-mail: ceydaokudu@gmail.com (https://orcid.org/0000-0001-9676-4045)
(Corresponding Author)

Gokhan Agtirk, M.D. Halic University, School of Medicine, Department of Physiology, istanbul,
Tuarkiye, e-mail: gokhanagturk@halic.edu.tr (https://orcid.org/0000-0002-5573-6715)

Elif Kesim, P.T. Halic University, Faculty of Arts and Sciences, Molecular Biology and Genetics,
Istanbul, Turkiye, e-mail: eliftkesim@gmail.com (https://orcid.org/0009-0001-7057-5702)

Ayyub Ebrahimi, Halic University, Faculty of Arts and Sciences, Molecular Biology and Genetics,
Istanbul, TUrkiye, e-mail: aebrahimi@live.com (https://orcid.org/0000-0003-4683-5102)



