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Abstract: OSCP1/NOR1 (organic solute carrier partner 1/oxidored-nitro domain-containing protein 1) is known as a 
transporter of various organic solutes into cells and also is reported to act as a tumor suppressor protein. Although 
overexpression of OSCP1 has been shown to play multiple roles in mammalian cell lines, its biological significance 
in living organisms is not fully understood. To explore the effects of OSCP1/NOR1 on development, we performed 
genetic studies in flies featuring overexpression of its Drosophila orthologue, dOSCP1. Overexpression of dOSCP1 in 
eye imaginal discs induced a rough eye phenotype in adult flies, likely resulting from a delay in S phase progression 
and induction of caspase-dependent apoptosis followed by compensatory proliferation. However, it did not appear 
to be involved in differentiation of R7 photoreceptor cells. We also found that overexpression of dOSCP1 caused 
endoplasmic reticulum stress in salivary gland cells. These results indicate that overexpression of dOSCP1 exerts 
effects on various biological processes during Drosophila development.
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Introduction

Tumor cells employ various mechanisms to 
support their requirements for nutrients. 
Regulation of nutrient transporters in the tumor 
cells has been reviewed elsewhere [1, 2]. For 
instance, tumor cells enhance glucose uptake 
via induction of GLUT1 and SGLT1 transporters 
[3-6]. At the same time, SMCT1 (SLC5A8), the 
Na+-coupled lactate transporter that was origi-
nally identified as a tumor suppressor in colon 
[7], is silenced in cancers of a variety of tissues 
[7-10]. Understanding the action of these trans-
porters may help to improve drug delivery or 
drug design for cancer chemotherapy.

Organic solute carrier partner 1/oxidored-nitro 
domain-containing protein 1 (OSCP1/NOR1) is 
known as a polyspecific solute carrier protein 
[11-13]. When expressed in Xenopus laevis 
oocytes, human OSCP1 (hOSCP1), mouse 
OSCP1 (mOSCP1) and rat OSCP1 (rOSCP1) 
were found to mediate high affinity transport of 
p-aminohippurate (PAH), tetraethylammonium 
(TEA), and a wide range of structurally diverse 

organic compounds including estron sulfate, 
glutarate, L-leucine, L-ascorbic acid and tetracy-
cline [11-13]. These data suggest that OSCP1 
facilitates the transport of various organic sol-
utes into cells and that its properties are con-
served among vertebrates. 

On the other hand, hOSCP1 is also reported to 
be down-expressed in several kinds of cancers, 
such as examples in the nasopharynx, lung, 
gastric, colon, rectum and cervix [14-19]. In 
fact, the promoter region of OSCP1 is frequently 
methylated in nasopharyngeal carcinomas 
(NPCs) tissue samples and cancer cell lines 
[17], as well as in leukemia cell lines and in 
acute myeloid leukemia (ALM) patients [20]. 
Since promoter hypermethylation of tumor sup-
pressor genes is a common hallmark of human 
cancers, these data suggest that OSCP1 play a 
role in their genesis. However, the precise 
mechanisms of OSCP1 actions need to be eluci-
dated in more detail.

Overexpression of hOSCP1 results in inhibition 
of proliferation, colony forming ability and pro-
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motion of apoptosis of NPCs, Hela cervical can-
cer (CCA) cells [14, 17, 19, 21]. However, effects 
of overexpression of OSCP1 in living organisms 
have not been examined. Drosophila contains 
a single orthologue of OSCP1 (dOSCP1) that 
shares 58% homology with its human counter-
part [22]. dOSCP1 localizes in the plasma 
membrane, endoplasmic reticulum, Golgi appa-
ratus, mitochondria and even nuclei, but not in 
cytosol, suggesting that it plays multiple regula-
tory roles [22]. In the present study, we estab-
lished transgenic fly lines to explore the conse-
quence of overexpression of dOSCP1 during 
development. In the eye imaginal discs the 
result was induction of a rough eye phenotype 
in adult flies, due to caspase-dependent apop-
tosis followed by compensatory proliferation 
and a delay in S phase progression. Further- 
more, we also found that overexpression of 
dOSCP1 caused endoplasmic reticulum (ER) 
stress in salivary gland cells. These data indi-
cate that overexpression of dOSCP1 affects 
multiple processes during Drosophila develop- 
ment. 

Materials and methods

Fly stocks

Fly stocks were maintained at 25°C on stan-
dard food containing 0.7% agar, 5% glucose 
and 7% dry yeast. Canton S was used as the 
wild type. The transgenic fly line carrying the 
glass minimal response element GMR-GAL4 on 
X chromosome was as described previously 
[23]. All other stocks used in this study were 
from the Bloomington Drosophila Stock Center 
(Bloomington, UAS) or Drosophila Genetic 
Resource Center (Kyoto, Japan).

Plasmid construction and establishment of 
transgenic flies

To construct the plasmid pUAST-dOSCP1, the 
full coding sequence of dOSCP1 cDNA (acces-
sion number NM_136887) corresponding to 
amino acids (aa) 1 to 302 was amplified by PCR 
with primers carrying EcoRI and XhoI sites 
(dOSCP1FEcoRI: 5’-GGGAATTGGGAATTCATGC- 
TCTACGTGATCGATCAG, dOSCP1RXhoI: 5’-AGA- 
GGTACCCTCGAGTCAAGGCATTTTGCTGTACAG). 
The PCR products were digested with EcoRI 
and XhoI and inserted into plasmid pUAST [24]. 
P element mediated germ line transformation 
by injecting pUAS-dOSCP1 into embryos was 

carried out as described earlier [25]. F1 trans-
formants were selected on the basis of white 
eye color rescue [26]. 

Immunohistochemistry

For immunohistochemistry, third instar larvae 
were dissected and fixed in 4% paraformalde-
hyde (PFA) in phosphate buffer saline (PBS) for 
15 min at 25°C. After washing with 0.3% Triton 
X-100 in PBS (PBS-T), the samples were blocked 
with PBS containing 0.15% Triton X-100 and 
10% normal goat serum for 20 min at 25°C and 
incubated with primary antibodies for 16 h at 
4°C. The following primary antibodies were 
used: guinea pig anti-dOSCP1 (1:100), rabbit 
anti-cleaved caspase-3 (1:500) (BD Biosci- 
ences), mouse anti-β-galactosidase (1:500) 
(DSHB) and mouse anti-KDEL antibody (Enzo 
Life Sciences). After washing with PBST, sam-
ples were incubated with secondary antibodies 
labeled with either Alexa 594 or Alexa 488 
(1:400) (Invitrogen) for 3 h at 25°C. After wash-
ing with PBS-T followed by PBS, the samples 
were mounted in Vectashield Mounting Medium 
(Vector laboratories) and inspected under a 
confocal laser scanning microscope (OLYMPUS 
Fluoview FV10i).

Flip-out experiments

Overexpression clones in Drosophila larval sali-
vary glands were generated with a flip-out sys-
tem [27]. Female flies with hs-flp; Act5C>FRT y 
FRT>GAL4, UAS-GFP were crossed with male 
flies carrying UAS-dOSCP1. Clones were evalu-
ated by the presence of green fluorescent pro-
tein (GFP) expressed under control of the Act5C 
promoter. Flip-out was induced by heat shock 
(60 min at 37°C) at 24-48 h after egg laying.

EdU (5-ethynyl-2’-deoxyuridine) labeling

Cells in S phase were detected by using an 
EdU-labeling kit from Invitrogen (Click-iT EdU 
Alexa Fluor 594 Imaging Kit). Third instar larvae 
were dissected in PBS and the imaginal discs 
were suspended in Grace’s insect medium in 
the presence of 10 μM EdU for 60 min at 25°C. 
The samples were then fixed with 3.7% formal-
dehyde in PBS for 15 min at 25°C, washed with 
3% BSA in PBS and permeabilized in 0.5% 
Triton X-100 in PBS for 20 min at 25°C. 
Thereafter, samples were washed with 3% BSA 
in PBS and incubated with Click-iT reaction 
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cocktails for 30 min at 25°C. After washing with 
3% BSA in PBS and PBS alone, samples were 
mounted and assessed as described in the 
immunohistochemistry section.

Scanning electron microscopy

Adult flies were anesthetized, mounted on stag-
es and observed with a VE-7800 (Keyence Inc.) 
scanning electron microscope in the low vacu-
um mode. In every experiment, the eye pheno-
type of at least five adult flies of each line was 
simultaneously examined by scanning electron 
microscopy, and these experiments were 
repeated 3 times. In the experiments, no sig-
nificant variation in eye phenotype among the 
groups of five individuals was observed.

Quantification and statistical analysis

The dOSCP1, EdU signals in the region posteri-
or to the MF were counted and measured from 
eye imaginal discs using MetaMorph software 
(Molecular Devices). The experiments were 
repeated three times. Statistical analysis was 

conducted, as indicated in the figure legends, 
using GraphPad Prism 6 (MDF). 

Results

Overexpression of dOSCP1 in eye imaginal 
discs induces a rough eye phenotype in adult 
flies

We established seven independent transgenic 
fly lines carrying UAS-dOSCP1. The established 
lines with their linkages of the transgene in dif-
ferent chromosomes are summarized in Table 
1. In order to investigate the effect of overex-
pression of dOSCP1 on Drosophila develop-
ment, the transgenic flies were crossed with 
different GAL4 driver strains, featuring expres-
sion of GAL4 in different developmental stages 
and various tissues [24]. Morphological aberra-
tion was observed in the adult compound eye 
(Table 2). Moreover, the most prominent phe-
notype (the rough eye phenotype) was observed 
with the GMR-GAL4 driver. Furthermore, all 
progeny showed this phenotype. For that rea-
son, we focused on analysis of the compound 
eye phenotype with GMR-GAL4. Careful exami-
nation under the scanning electron microscope 
revealed that the compound eyes of adult flies 
carrying the GMR-GAL4 alone showed normal 
eye morphology (Figure 1A), while flies carrying 
UAS-dOSCP1 (GMR-GAL4; UAS-dOSCP1) sh- 
owed a severe rough eye phenotype with fusion 
of ommatidia (Figure 1B, 1C). 

To examine whether the overexpression of 
dOSCP1 truly resulted in the eye phenotype, we 
carried out immunostaining of eye imaginal 
discs from third instar larvae with specific anti-
dOSCP1 antibodies [22]. The eye discs of the 
control GMR-GAL4 line showed ubiquitous sig-
nals of endogenous dOSCP1 (Figure 2A), 
whereas the signal of dOSCP1 was increased 
from the morphogenetic furrow (MF) to the pos-
terior end region of eye imaginal discs in GMR-
GAL4; UAS-dOSCP1 flies (Figure 2B). The sig-
nificance of these results was further quanti-
fied by MetaMorph software (Figure 2C). The 
data indicated that overexpression of dOSCP1 
results in abnormal eye morphology.

Overexpression of dOSCP1 induces caspase 
3-dependent cell death in eye imaginal discs 

To gain insight into mechanisms, we first exam-
ined whether apoptosis is induced by overex-
pression of dOSCP1 in eye imaginal discs, since 

Table 1. Transgenic fly lines established in 
this study and their chromosome linkages
P element plasmid Strains Chromosome linkages
pUAST-dOSCP1 5 II

17 II
27 II
29 III
30 II
33 X
47 II

Table 2. Summary of effects of dOSCP1 ex-
pression with several GAl4 driver lines
GAl4 line Chromosome linkages Phenotype
GMR X Rough eye
Eyeless II Weak rough eye
91Y II  Weak rough eye
Arm II ND
C179 II ND
dpp III ND
Act5C III ND
Dll II ND
48Y II ND
Pnr II ND
En II ND
ND: Not detectable.
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Figure 1. Overexpression of dOSCP1 in eye imaginal discs induces a rough eye phenotype in adult flies. A-C Scanning 
electron micrographs of adult compound eyes. Magnification x200 (top), x700 (bottom). A. GMR-GAL4. B. GMR-
GAL4; UAS-dOSCP1/+. C. GMR-GAL4; UAS-dOSCP1. The flies were reared at 28°C. Bars indicate 50 μm.

Figure 2. Confirmation of increased dOSCP1 levels in the posterior region of eye imaginal discs. Immunostaining 
with anti-dOSCP1 antibodies. A. GMR-GAL4. B. GMR-GAL4; UAS-dOSCP1. C. Quantification of dOSCP1 signals. Inten-
sity of dOSCP1 signals were quantified in the region posterior to the MF and anterior region. Mean intensities with 
standard deviation from seven discs are shown: p < 0.005 by Welch’s t-test. Arrows/MF morphogenetic furrow. (p) 
posterior. (a) anterior. The flies were reared at 28°C. Bars indicate 50 μm.
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the rough eye phenotype is sometimes accom-
panied by increased apoptosis [28, 29]. The 
rough eye phenotype was strongly suppressed 
by co-expression of an inhibitor of apoptosis, 
DIAP1 [30-32] (Figure 3D, 3D’). However, such 
suppression was not observed on co-expres-
sion of control LacZ (Figure 3C, 3C’). Ectopic 
expression of DIAP1 alone exerted no effect on 
the compound eye morphology (Figure 3E, 3E’). 
These data suggest that the rough eye pheno-
type is accompanied by induction of apop- 
tosis.

To further examine the involvement of dOSCP1 
in induction of caspase-dependent apoptosis, 
we monitored cell death by immunostaining eye 
imaginal discs from third instar larvae with anti-
active caspase 3 antibodies. In eye imaginal 
discs of flies expressing GAL4 alone, very few 

apoptosis cells were detected (Figure 3A’’). 
However, eye imaginal discs of GMR-GAL4>UAS-
dOSCP1 and GMR-GAL4>UAS-dOSCP1; UAS-
LacZ flies showed significantly increased levels 
of caspase 3 signals in the posterior region to 
the morphogenetic furrow (Figure 3B’’, 3C’’). In 
addition, co-expression of dOSCP1 and DIAP1 
could suppress the dOSCP1-induced apoptosis 
in eye imaginal discs (Figure 3D’’). These 
results indicated that overexpression of 
dOSCP1 can indeed induce caspase-depen-
dent apoptosis in eye imaginal discs.

Apoptosis-induced proliferation is activated in 
eye imaginal discs of dOSCP1-overexpressing 
flies to counteract the induced apoptosis

In imaginal discs of Drosophila third instar lar-
vae, the morphogenetic furrow (MF) moves 

Figure 3. Overexpression of dOSCP1 induces caspase-dependent apoptosis in eye imaginal discs. A-E. Scanning 
electron micrographs of adult compound eyes, magnification x200. A’-E’. Magnification x700. A’’-E’’. Immunostain-
ing of eye imaginal discs with anti-active 3 antibodies. A, A’’. GMR-GAL4. B, B’’. GMR-GAL4; UAS-dOSCP1. C, C’’. 
GMR-GAL4; UAS-dOSCP1; UAS-LacZ. D, D’’. GMR-GAL4; UAS-dOSCP1; UAS-DIAP1. E, E’’. GMR-GAL4; +; UAS-DIAP1. 
The flies were reared at 28°C. Arrows/MF morphogenetic furrow. (p) posterior. (a) anterior. Bars indicate 50 μm.
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slowly in a posterior to anterior direction. In 
front of the MF, cells proliferate asynchronous-
ly. In the MF, cells are arrested synchronously in 
the G1 phase. Then they undergo one cell cycle 
in a highly synchronized way that produces an 
S-phase zone (the second mitotic wave-SMW) 
followed by differentiation [24].

In eye discs of dOSCP1 overexpressing flies, 
even though apoptotic signals were detected 
behind the MF (Figure 3C’’), sizes of the adult 
compound eyes were not significantly reduced 
(Figures 1 and 3). Previous studies have indi-
cated that during development, to maintain the 
proper size of organs in multi-cellular organ-
isms requires a balance between cell prolifera-
tion and cell death [33-35]. This suggests that 
the induced apoptosis in dOSCP1-overexpress-
ing eye imaginal discs might also be associated 
with the apoptosis-induced cell proliferation. To 
assess this possibility, an EdU incorporation 
assay was performed to monitor S phase cells. 

In the eye imaginal discs of GMR-GAL4; UAS-
dOSCP1 flies, increased EdU positive cells were 
observed in the region posterior to the synchro-
nized phase zone behind the MF (Figure 4B, 
4D), as compared with the control line carrying 
GMR-GAL4 alone (Figure 4A, 4D). Ectopic 
mitotic signals were reduced by co-expression 
of dOSCP1 and DIAP1 (Figure 4C, 4D). 
Quantification of the EdU positive cells in the 
region posterior to the MF further confirmed 
that the results were statistically significant 
(Figure 4D). These finding indicated that over-
expression of dOSCP1 induces apoptosis which 
is followed by compensatory proliferation.

In addition, we measured the zone of synchro-
nized S phase in eye imaginal discs to examine 
whether there is any delay in overexpressing 
flies. In comparison with control flies (Figure 
4A’), a wider zone of S phase cells was observed 
in dOSCP1 overexpressing flies (Figure 4B’). 
This phenotype was rescued by co-expressing 

Figure 4. Overexpression of dOSCP1 induces ectopic mitosis in eye imaginal discs depending on apoptosis func-
tion. Eye discs labeled with EdU. A, A’. GMR-GAL4. B, B’. GMR-GAL4; UAS-dOSCP1. C, C’. GMR-GAL4; UAS-dOSCP1; 
UAS-DIAP1. A-C. Regions with ectopic EdU positive cells marked with crescents. A’-C’. Arrows show the measured 
position. D, D’. Quantification of EdU positive cells and width of the S phase zone in the posterior region. Mean 
intensities with standard deviation from seven discs are shown: *p < 0.0001, **p < 0.001, ***p < 0.001, ****p 
< 0.005 by Wech’s t-test. The flies were reared at 28°C. Arrow heads/MF morphogenetic furrow. (p) posterior. (a) 
anterior. Bars indicate 50 μm (A-C) or 10 μm (A’-C’).



Induction of ER stress and apoptosis in dOSCP1 overexpression flies

1724 Am J Cancer Res 2015;5(5):1718-1729

DIAP1 (Figure 4C’). The results were further 
confirmed by statistical analysis (Figure 4D’), 
the data suggesting that a delay in S phase pro-
gression is also linked to induction of apoptosis 
in dOSCP1 overexpressing flies. Taken together, 
our observations suggest that the overexpres-
sion of dOSCP1 induces a delay in S phase pro-
gression and apoptosis followed by compensa-
tory proliferation.

dOSCP1 is not involved in differentiation of R7 
photoreceptor cells

It is well known that photoreceptor cells are 
generated sequentially: R8 is generated first, 
with movement posterior from the MF, then 
cells are added pair wise (R2 and R5, R3 and 
R4, and R1 and R6), R7 being the last photore-
ceptor to be added to the precluster [36]. 
Several enhancer trap lines have been devel-
oped to mark photoreceptor cells. To examine 
photoreceptor cell differentiation in eye imagi-
nal discs of dOSCP1-overexpressing flies, we 
utilized enhancer trap line P82 (inserted in 

deadpan) [37] and B38 (inserted in klingon) 
[38], which specifically express the β-gala- 
ctosidase marker in photoreceptor cells of R3/
R4/R7 and R7, respectively. After mating of 
each enhancer trap line with dOSCP1-overex-
pressing flies, eye imaginal discs of F1 larvae 
were immunostained with anti-β-galactosidase 
antibody. The immunostaining data revealed 
that R3/R4/R7 signals were detected in the 
eye imaginal discs of both P82 control flies 
(Figure 5A, 5A’) and dOSCP1 overexpressing 
flies (Figure 5B, 5B’). No apparent difference in 
R7 differentiation was detected in the eye discs 
of B38 control flies (Figure 5C, 5C’), and with 
overexpressing dOSCP1 (Figure 5D, 5D’). These 
results indicate that dOSCP1 is not involved in 
development of R7 photoreceptor cells.

Overexpression of dOSCP1 induces ER stress 
in salivary gland cells

In a previous study, we found that dOSCP1 
localizes in endoplasmic reticulum (ER) in sali-
vary gland cells [22]. To evaluate its signifi-

Figure 5. Overexpression of dOSCP1 is not involved in differentiation of R7 photoreceptor cells. Confocal images 
of eye imaginal discs immunostained with anti-β-galactosidase antibodies. The flies were reared at 28°C. A, A’. 
GMR-GAL4; P82/+; +. B, B’. GMR-GAL4; P82/UAS-dOSCP1; +. C, C’. GMR-GAL4; B38/+; +. D, D’. GMR-GAL4; B38/
UAS-dOSCP1; +. Numbers R3, R4 and R7 photoreceptor cells. Arrows/MF morphogenetic furrow. Bars indicate 50 
μm (A-D) or 5 μm (A’-D’).
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cance in the ER, we investigated whether over-
expression of dOSCP1 induces ER stress and 
unfolded protein response (UPR) activation in 
salivary gland cells. A flip-out experiment was 
employed to make a somatic clone overex-
pressing dOSCP1 in the salivary glands. Double 
immunostaining with anti-dOSCP1 and anti-
KDEL antibodies was performed. The anti-KDEL 
antibody has been used [39] to detect ER chap-
erones Grp78 and Grp94 [40]. In the overex-
pressing dOSCP1 clones marked with GFP, the 
levels of dOSCP1 and KDEL were specifically 
increased (Figure 6). It is well known that the 
ER stress sensors activate downstream signal-

ing to induce ER chaperones [41, 42]. These 
results indicated that overexpression of 
dOSCP1 indeed induces ER stress in salivary 
gland cells.

Discussion

In this study, we utilized a Drosophila model to 
explore the biological action of overexpression 
of OSCP1 in living organisms. Overexpression 
of dOSCP1, a Drosophila homologue of human 
OSCP1 in living flies, clearly demonstrated that 
this protein can affect various biological pro-
cesses, such as apoptosis, cell cycling, and ER 
stress during the development of Drosophila. 

Figure 6. Overexpression of dOSCP1 induces ER stress in the salivary gland. A-D. Image of flip-out experiment. A. ER 
marker KDEL. B. OSCP1. C. GFP. D. Merged image. Bars indicate 10 μm.
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Our data showed increased apoptosis signals 
detected in the eye imaginal discs of dOSCP1 
overexpressing flies, the results indicating par-
ticipation of OSCP1 in apoptosis in vivo. In 
agreement with this finding, overexpression of 
hOSCP1 has been reported to induce apoptosis 
in nasopharyngeal carcinoma cells, Hela cells 
[14], and prostate cancer cells [43]. Further- 
more, overexpression of hOSCP1 down-regulat-
ed Bcl-2 and Bcl-xl anti-apoptotic and up-regu-
lated Bax and Bak pro-apoptotic proteins [14, 
21, 43]. The data imply that OSCP1 induced 
apoptosis is mediated by a mitochondria-
dependent pathway, compatible with the 
described localization of OSCP1 in mitochon-
dria [14, 22]. However, the role of OSCP1 in the 
mitochondria-dependent apoptosis pathway 
needs to be further studied. Genetic screening 
to identify mutations that can modify the 
dOSCP1 induced rough eye phenotype might 
give us clues to clarifying the link between 
dOSCP1 and apoptosis. 

In addition, our findings provided evidence that 
overexpression of dOSCP1 caused a delay in S 
phase progression in the eye imaginal discs, 
consistent with a previous report that overex-
pression of hOSCP1 in NPC and CCA cells 
arrested them in S phase [14]. Moreover, we 
also found that the overexpression of dOSCP1 
induced S phase delay was related to induction 
of apoptosis. Similar results were also obtained 
in overexpression studies of hOSCP1 in NPC 
and CCA cell lines [14, 19]. In addition, we 
found that the induced apoptosis is followed by 
compensatory proliferation to maintain a con-
stant size of compound eyes. This process is 
commonly observed in various Drosophila tis-
sues and organs, including the wing imaginal 
discs [44] and the eye discs [34, 35]. The 
results suggest that induction of apoptosis is a 
primary effect in dOSCP1 overexpressing flies 
that is followed by not only delay in S phase pro-
gression, but also the activation of compensa-
tory proliferation in the eye imaginal discs.

Earlier observation of CCA cells showed an ER 
localization of hOSCP1 [14], as also found for 
dOSCP1 in Drosophila salivary gland tissues 
[22], indicating that OSCP1 may play a role in 
ER function. Since the contribution of OSCP1 in 
the ER is as yet unknown, in the present study 
we examined ER chaperon signals with overex-
pression of dOSCP1 in salivary gland tissues. In 
multicellular organisms, the ER responds to the 

accumulation of unfolded proteins in its lumen 
(ER stress) by activating the unfolded protein 
response (UPR). Under UPR, unfolded proteins 
may undergo refolding through chaperon path-
ways [41, 42, 45]. The present data indicate 
that overexpression of dOSCP1 can cause ER 
stress and activate UPR in the Drosophila sali-
vary gland tissues. Further analyses are neces-
sary to clarify the exact significance of OSCP1 
in the ER stress response.

Taken together, our findings suggest that the 
roles of OSCP1 are highly conserved between 
hOSCP1 and dOSCP1, with involvement in mul-
tiple biological processes such as apoptosis, 
proliferation and the ER stress response. Fly 
models of human diseases provide several 
unique features, including powerful genetics 
control, highly conserved disease pathways, 
and low comparative costs [46, 47]. OSCP1 is 
known to be a mediator of transport of various 
organic solutes into cells [11-13]. Previous 
studies have suggested that it may play impor-
tant roles in the progression of various cancers 
[14-18], and leukemia [20]. Moreover, nutrient 
transporters contribute to the survival of tumor 
cells. Understanding actions of such transport-
ers is valuable for development of new 
approaches to interference with tumor metabo-
lism and blocking tumorigenesis. Thus, the 
dOSCP1-overexpression flies established in 
this study might also be suitable for identifying 
natural substances and chemical compounds 
that can alter the actions of dOSCP1. This might 
be a first step in finding drug candidates to 
treat diseases or cancers in which OSCP1 is 
involved.
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