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I. Introduction

Signal peptide with CUB and EGF-like domain containing protein 3(SCUBE3) is a protein
suspected to be involved in cancer. It is a secreted protein discovered in the early 2000s (Wu, B.-T.,
2004). The gene sequence for SCUBES is found on the cytogenetic band 6p21.31 (Genecard, 2017).
The final location of the protein with respect to the cell is the extracellular space and plasma
membrane. Originally SCUBE3 was found in the umbilical vein and in human epithelial cells which
have critical roles in cell differentiation, recognition, and modeling (Kumar, S., 2022). This protein
has recently been looked at in cancer research with lung cancer having the most input (Wu, Y.-Y.,
2011; Zhao, C., 2013; Chou, C.-H., 2013). Overexpression in SCUBE3 has been evaluated heavily
in lung cancer cells (Chou, C.-H., 2013). These studies found a correlation between high
expressions of SCUBE3 and cancer prognosis. Cancer cells overexpress the protein while
noncancerous cells exhibit low levels. A knockdown of SCUBE3 expression has been shown to
reduce tumorigenesis and cancer metastasis in vivo (Wu, Peck, SCUBE3 TGF-Beta). Since
SCUBES3 is a secreted protein, it would be found mainly in the extracellular fluid or plasma
membrane. When treated with Doxorubicin (DOX), the protein has been observed to translocate
into the nucleus (Kumar, S., 2022). Proteins found in the nucleus bind or repress DNA (Azar, W. J.,
2014); however, SCUBES3 being translocated to the nucleus does not have the ability to bind to
DNA or repress it (Wu, B.-T., 2004) which means that its purpose is unknown.

Based on this observation and preliminary data, we hypothesized that nuclear SCUBE3
protein promotes the survival of cells against Doxorubicin treatment. To investigate this hypothesis,
we made three constructs with mutated nuclear localization sequences (NLS). Mutated NLS will
allow us to see whether the Doxorubicin treatment targets the signal sequences and sends SCUBE3
to the nucleus. Our constructs were linked to green fluorescence protein (GFP). GFP was a report
protein that helped us monitor the location of SCUBES in the cells, and determine if putative NLS
was required for SCUBE3 translocation. The reason we looked at GFP is because the cell makes its
own SCUBE3 on top of the constructs we are introducing, and we will need to distinguish between
these versions of the proteins within the cells. We also used immunoprecipitation to determine
whether nuclear transport proteins importin-a and - are required for SCUBE3 migration to the
nucleus.

Il. Materials and Methods

Cell culture and maintenance of cell lines

MDA-MB-231, MDA-MB-436, and MDA-MB-468 Human cell lines cultured from three separate
individuals with TNBC were obtained from the American Type Culture collection (ATCC
Manassas, VA). Three different cell lines were used to monitor the effect of SCUBES3 inhibition on
the cells immunity to DOX and confirm the possible findings against one another. MDA-MB-231
and MDA-MB-436 were cultured in Dulbecco’s modified Eagle’s medium (DMEM) supplemented
with 10% fetal Bovine serum (FBS), and neomycin analogue - G418. MDA-MB-468 was cultured
in 1X Roswell Park Memorial Institute medium (RPMI 1640) supplemented with 10% fetal Bovine
serum (FBS), and neomycin analogue-G418. Each cell line (MDA-MB-231, MDA-MB-436, and
MDA-MB-468) was stably transfected with control plasmid (pcDNA3.1(-)) or SCUBE3 constructs
(wildtype SCUBE3, mutated SCUBE3 Nuclear Localization Sequence 1 (NLS1), or mutated
SCUBES3 Nuclear Localization Sequence 2 (NLS2) and mutated SCUBE3 Nuclear Localization
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Sequence 1&2 (NLS1&2). Transfected cells were selected with 1mg/ml G418 for MDA-MB-231
cells and 400ug/ml G418 for MDA-MB-468 cells. The selection was completed for about two
weeks. Afterward the MDA-MB-231 cells were maintained in 500ug/ml G418 and MDA-MB-468
cells in 200ug/ml G418. All cells were incubated in CO2 humidified incubator at 37°C.

Cell Viability and Proliferation Assay

Stable MDA-MB-468 cells bearing SCUBE3 wildtype or mutated constructs were seeded in 96-
well plates at the amount of 1,000 cells per well with three redundant examples of each strain. The
cells were incubated for five days. To test cell viability, the seeded cells were treated with 50nM
concentration of Doxorubicin (DOX) for five days. After five days, the number of viable cells were
determined with alamar blue dye using the BioTek LX plate reader. MDA-MB-468 was the only
cell line to stabilize within the time constraints of the experiment.

RNA Isolation and gRT-PCR Analysis
Total RNA were extracted from the cancer cells, MDA-MB-468 and all five strains, using the
Qiagen RNA isolation kit and following the manufacturer's recommendation. The isolated RNA
were converted to cDNA using the iScript cDNA synthesis kit from BioRad. The resulting cDNA
were used for Realtime PCR reaction using SYBR Green and primers for the SCUBE3 and
GAPDH. The reaction mix was
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Statistical analysis

All experiments were performed at least once
with at least three samples per strain of the
MDA-MB-468 cancer cells. Results are
presented as means of example and should be
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468 was the only cell line to stabilize within the
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I11. Preliminary Data
Doxorubicin Induces SCUI_3E3 Localization o = 0 100 | 200
to the Nucleus and Expression Doxorubicin (nM)

In our preliminary data, DOX treatment induced
the nuclear localization of SCUBE3 in a dose
treatment manner (Figure 1). Based on this
observation, we investigated whether DOX

Figure 1: DOX treatment alters SCUBE3 in the cells: (a)
Immunofluorescence result of MDA-MB-468 cells treated with

trejatment alters SCUBE3 expression. TQ test different concentration of DOX for 24 hours. The result shows
this, MDA-MB-468 cells were treated with SCUBES3 protein in red, tubulin in green, and nucleus blue. (b)
different DOX doses (OnM, 25nM, 50nM, The realtime PCR result showing SCUBE3 level in DOX treated

100nM, and 200nM) for 24 hours. The RNA of MDA-MB-468.

https://athenacommons.muw.edu/merge/vol8/iss1/3



Ergle: Investigating SCUBE3 Nuclear Localization

the treated and control cells, five strains of MDA-MB-468 that were created, were isolated and
subjected to reverse transcription and Realtime PCR reactions. The result shows the elevation of
SCUBES3 expression in the presence of DOX in a dose dependent manner (Figure 1b). The result
also shows that 50nM DOX concentration induces the largest elevation of SCUBES3. It further
demonstrated the impact of DOX treatment on SCUBES.

Mutation of SCUBE3 Predicated Nuclear (@) Wit :
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bioinformatics approach, we determined two Mutsted NLS 82
predicted-SCUBES3 nuclear localization onstruct 3 M NG T ) ——
sequences (NLS) in the SCUBE3 gene sequence
with NLStradamus and Protein Subcellular Mutated NLS #1 Mutated NLS #2
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identified two classical NLS at s3,-
RKGKGRRARTPP-s43 and s3s-PPPEMEILIV-
845 Within the SCUBES3 linker domain.

Next, we generated SCUBE3 gene constructs
with each NLS (Fig 2) by changing the lysine to

Figure 2: Two predicted-SCUBE3 nuclear localization
sequences were used to generate viable constructs to
determine whether these sequences were fundamental to

methionine and arginine to glutamate amino (a)
acids. All the constructs were fused to Green © 3
Fluorescent Protein (GFP) gene. GFP is g,
important for tracking the location of the ectopic =
SCUBES proteins in the cells. The mutations 2
were confirmed through gene sequencing. ;E( 15
Having generated the constructs, we assessed 9
the effect of the mutations’ SCUBE3 expression. o
The mRNA from cells bearing the stable § 0.5

SCUBES3 constructs were isolated and used to
analyze SCUBE3 mRNA levels (Figure 3a) in
the control, wildtype, and NLS mutant cells. The
result showed elevated SCUBE3 expression in
wildtype and NLS mutant cells compared to
GFP cells. We observed the largest increase of
SCUBES3 in cells bearing both mutations of
NLS1 & NLS2. Next, we tested whether our
mutations affected SCUBE3’s ability to promote
cell proliferation. The MDA-MB-468 cells were
seeded in a 96-well plated and incubated for five
days. Afterward, the cells were counted. The
result showed that the wildtype and mutated
SCUBES3 constructs promoted cell proliferation
(Figure 3b). These results indicated that
mutation of SCUBE3 NLS did not suppress
SCUBE3-mediated cell proliferation.
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Figure 3: Mutated constructs did not alter SCUBE3 expression or
SCUBE3-driven proliferation. (a) Realtime PCR result of
SCUBE3 mRNA levels within stable MDA-MB-468 shows no
effect on SCUBE3 expression. (b) Stable MDA-MB-468 cells
were intubated for six days and analyzed. The result indicates no
effect on SCUBE3-driven proliferation.

IV. Results
Promotes Cells’ Survival
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To gain insight into the functional importance 180 ¢
of SCUBES in the nucleus, we treated cells 160 1
bearing SCUBES3 constructs with 50nM of

DOX for 24 hours and then incubated them
for five days. Afterward, the cell viability
analysis was performed between the different
treatments. The result showed that the NLS1
and NLS2 cells have the smallest number of
viable cells (Figure 4). Taken together, this
result showed for the first time that SCUBE3
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possesses two functional NLS sequences and GEP  WtSCUBE3 Mut NLS1 MutNLS2  Mut

i 1 NLS1&2
that SCUBES actively translocates into the MDA-MB-488 Cells
nucleus in the presence of DOX to promote

cell survival. The cells with the double Figure 4: SCUBE3 NLS is important for c_eII survival. The
. stable MDA-MB-468 cells were treated with 50nM of DOX
mutated NLS sequences had the highest

- for 24hrs and a 6-day incubation followed before a cell

number of viable cells. viability analysis was completed. The results indicate that
both NLS are functional and promotes survival.

V. Discussion

SCUBES3 is known to exert its actions
through extracellular activities with cell surface proteins, such as receptors. However, our study
suggests that treatment with DOX induces nuclear translocation of SCUBES3 therefore suggesting
intranuclear actions. Our data indicates that the context dependent translocation of SCUBE3 may be
important for cell survival during cytotoxic stress. We have identified and characterized two
functional NLS sequences in the SCUBE-3 and showed that the lack of nuclear translocation of
SCUBES3 has promise in preventing its pro-tumorigenic protection action against DOX.

Some proteins under 40 — 60 kDa can passively diffuse into the nucleus through the pores.
However, most proteins with nuclear functions use active carrier protein transport pathways. Larger
proteins such as SCUBE3, which is about 1000 kDa, theoretically cannot diffuse into the nucleus
without the aid of protein transporters. The presence of two NLS suggests that SCUBE3
translocation might be aided by protein transporters.

Relative to these new findings, we investigated the functional importance of SCUBE3 in the
nucleus in the presence of DOX treatment. Our results show that the mutation of the two predicted
SCUBES3 NLS is important for cell survival suggesting that the loss of the wildtype sequences is
important for the interaction with the classic nuclear transport proteins importin-a and - that
mediated the transportation of proteins to the nucleus. The loss of the wildtype NLS sequences
suggests that the ectopic SCUBES3 failed to translocate to the nucleus. In conclusion, our data
suggests that SCUBE3’s translocation to the nucleus is important for cell survival in the presence of
DOX-induced cytotoxicity.
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