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Abstract
Background: It is well known that aggressive growth and metastasis of tumors are strengthened in acidic
environments of cancer. Whether Long non-coding RNA (LncRNA) is involved in this process is still
unknown and has never been reported in renal cell cancer(RCC).
Methods: We determined the invasion ability of 786-O and 769P cells upon acidosis. Then LncRNA
profiling was used to figure out the potential acidosis-related LncRNAs. We then knocked out the LncRNA
(BC040587) to investigate its role in acidosis-induced cell invasion. AKT/mTOR ,MEK/ERK pathway as
well as pMDM2 were analyzed to uncover the cell signaling induced by BC040587 upon acidosis. Clinical
features were also carefully analyzed.
Results: Acidosis elevated the level of Snail and induced cell invasions in RCC. BC040587 was required in
this process as the increased cell invasion could be abolished by knockout of BC040587. Acidosis
activated AKT/mTOR and MEK/ERK pathway in a BC040587-dependent manner. MDM2 could be the
downstream of BC040587, which implicated poorer prognosis in RCC based on the clinical features.
Conclusions: BC040587 is required in cell invasion of renal cancer induced by acidosis. The BC040587AKT/ERK-pMDM2-Snail axis is of vital importance in the development of RCC and is likely to be potential
therapeutic target in RCC.

1 Background
Increasing evidence has suggested accumulation of lactic acid due to the dysfunction of aerobic
oxidation in cancer cells[1]. A large amount of carbonic acid is induced in cancer cells via over-expression
of carbonic anhydrase. Thus, the acid in tumor cells makes the intracellular environment acidic[2, 3]. In
order to maintain a relatively stable intracellular acidic environment, tumor cells transfer intracellular
acidic substances to extracellular by means of sodium-hydrogen transporter, sodium-potassium atpase
and monocarboxylic acid transporter, which results in an acidic extracellular micro-environment for the
cancer cells[4]. Studies have shown that aggressive growth and metastasis of tumors are strengthened in
acidic environments. For example, acidosis induced cell invasion and metastasis via ASIC(acid sensing
ion-channel)[5]. Moreover, It can also induce activation of ROS/ERK through ASIC1 in our previous
research[6], However, whether Long non-coding RNA(LncRNA) is involved in it remains to be elaborated.
LncRNAs account for the majority of non-coding RNAs, but the mechanism of numerous LncRNAs in cell
biological processes has not been clearly understood[7]. LncRNA is abnormally expressed in renal
carcinoma, and it is closely related to tumor stage, grade, local invasion, and metastasis of other
organs[8]. It has been indicated in other research that LncRNA can regulate cell proliferation, trigger cell
apoptosis, as well as reduce the invasion of cancer cells[9]. BC040587 (also known as Linc00901) is one
of the most important LncRNAs which have not been featured. BC040587, which locates in chromosome
3q13, harbors various copy number alterations, therefore it suggests BC040587 could be of vital
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importance in oncogenesis[10, 11]. Moreover, dysregulation of BC040587 expression could be a critical
step in sarcoma, suggesting an example in tumorigenesis[12]
MDM2/P53 negative feedback pathway is notable in cancer research, and it is mainly related to
apoptosis as well as proliferation[13]. MDM2 is considered as a notable inhibitor of P53, and its
combination with P53 can degrade P53 protein, leading to inactivity of P53[14]. MDM2 is frequently
altered in solid tumors of stomach[15], lung[16] as well as breast[17]. Ubiquitination of MDM2 protein
inhibits the expression of downstream key factors and therefore increases both cancer cell invasion and
metastasis [18].
In the present study, we show that BC040587, a bio-marker of higher stage and poor prognosis in renal
cell cancer (RCC), serves as a novel factor in acid-induced phosphorylation of MDM2, resulting in
invasion of cancer.

2 Results
Acidosis induces cell invasions in renal cancer cells
We recently reported that acidosis induced elevated level of Snail ,leading to invasion of prostate cancer
via ASIC1 in vitro[6]. Therefore, we supposed acidosis also promoted cell invasion in renal cancer cells.
We then determine the invasion ability of 786-O and 769P cell lines upon acidosis. In one hour exposed to
acid medium (pH 6.6) the average invasive 769P cells number was increased three times as much as that
in cells of pH7.4(Fig. 1A). In addition, similar results were found in 786-O cells(Fig. 1B). Moreover,
acidosis-induced increased level of Snail also provided extra evidence(Fig. 1C and D), which has been
implicated in cell invasion. The level of Snail is significantly elevated in half an hour and got a peak at 1
hour. Of interest was 769P with over-expressed Snail at as early as 30 min.
BC040587 is required in acidosis-induced cell invasion
Long non-coding RNAs(LncRNAs) is of vital importance in cancer development including invasion and
metastasis[8]. Thus, we focused on which LncRNAs could be implicated in cell invasion of renal cancer
response to acidosis. As shown in supplemental table, Small scale LncRNA profiling which includes 90
crucial LncRNAs uncovered potential related LncRNAs to acidosis. For example, we found 40 downregulated LncRNAs and 44 up-regulated LncRNAs (2 LncRNAs unavailable), among which BC040587 was
increased significantly (Fig. 2A). To validate the up-regulated level of BC040587 upon acidosis in renal
cancer cells, we then exposure the cells to acidosis. It is indicated that acidosis induced increased
BC040587. In consistent with invasion assay, BC040587 got a peak at 1 hour in both 769P and 786-O
cells. (Fig. 2B)
To figure out more about the role of BC040587 in cell invasion upon acidosis, we knocked out BC040587
by CRISPR/Cpf1 system (Fig. 2C).We then use the knockout clone (#17) for further characterization. We
then asked whether BC040587 was required for cell invasion upon acidosis. Acidosis cannot induce
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increased invasion ability after BC040587 had been knockout in 769P cells(Fig. 2D), while cell invasion
was inductive in original 769P cells. Moreover, as expected in Fig. 2E, Snail over-expression was almost
abolished 1 hour after exposure to acidosis, demonstrating that BC040587 is required in acidosis-induced
cell invasion.
Acidosis induces the activation of AKT/mTOR and MEK/ERK pathway in a BC040587-dependent manner
It was acknowledged that acidosis induced phosphorylation of AKT in breast cancers[5]. We previously
found that ERK activates upon acidosis when there was elevated AKT background[6]. Hence, we asked
whether acidosis induce activation of AKT and MEK in renal cancer cells. As Snail level and cell count in
invasion assay reached a peak at 60 min, we exposed the cells at the same duration and determined
some critical pathways. As shown in Fig. 3A, acidosis phosphorylated P90RSK and MEK1/2. The same
trend was also found as for the AKT(Fig. 3A and B). Moreover, phosphorylation of AKT 1 hour after
exposure to acidosis was abolished after knockout of BC040587. Activated MEK directly connected to
ERKs through its N-terminal region, catalyzing phosphorylation of ERK and activating ERK. Therefore, we
determined the activation of ERK in 769P and 769PBC040587(−). As indicated in Fig. 3C, we found ERK
activation in 769P cells in response to acidosis. Of interest is the 769PBC040587(−)cells, in which ERK
inactivation upon acidosis were confirmed. This data suggests that BC040587 is of vital importance in
activation of MEK/ERK pathway. On the other hand, acidosis can also phosphorylate the crucial factor
mTOR in the AKT pathway. The role of BC040587 in activation of AKT/mTOR pathway is as some as that
in MEK/ERK pathway (Fig. 3D), which suggests the BC040587-dependent manner in the both pathways in
response to acidosis. However, the activation of AKT is earlier than that of ERK, which might explain the
potential crosstalk between the two pathways.
MDM2 is involved in the BC040587-required cell invasion upon acidosis
Given BC040587 is essential in cell invasion upon acidosis; we asked what was the mechanism and what
might be regulated by BC040587? We took advantage of the database cBioPortal[19] to search for further
upstream or downstream signaling molecules. Data of 538 RCC cases from cBioPortal indicated that
BC040587 was closely related to those genes including CDKN2A, MDM2, CDK4, TP53, RB1, and
CCNE1(Fig. 4A). Among them, MDM2 was the most attractive one. MDM2 forms a complex with
oligomeric p53, HERC2, and NEURL4[14]. Activation of either AKT or ERK can induce both
phosphorylation of MDM2 and enhancement of the fundamental interaction between MDM2 and
p53[20]. Of interest, MDM2 phosphorylation was induced by acidosis and was abolished by BC040587
knockout(Fig. 4B). To study the feature of MDM2 in cell invasion upon acidosis, we then knocked down
MDM2 with siRNA(Fig. 4C). Acidosis-induced over-expression of MDM2 was abolished by siRNAMDM2(Fig. 4C). Additionally, average invasive 769P cells number were not increased as long as we
knocked down MDM2(Fig. 4D). The same trend was also found as for expression of Snail, which is
considered as a bio-marker of cell invasion (Fig. 4E).
BC040587 indicated poorer prognosis in RCC
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As BC040587 has been shown to be required in the cell invasion of RCC, we then studied the role of
BC040587 in clinical cases. In consistent with findings in vitro, as expected in Fig. 5A, the level of
BC040587 was elevated in stage III/IV compared with that in stage I/II (Fig. 5A). This data indicated that
over-expressed BC040587 led to invasion and metastasis, which was very common in higher stage. In
addition, patients were divided into two categories based on the level of BC040587. As shown in Fig. 5B,
significant differences between the two groups were found. Patients with over-expressed BC040587 had
poorer prognosis when overall survival was compared, which suggests BC040587 might be novel biomarker of prognosis in RCC.

3 Discussion
The acidic environment of the tumor can induce increased cell survival and invasion. For example, ASIC1ROS-AKT-NF-κB pathway was shown to be crucial in invasion as well as metastasis of breast cancer[5].
We previously found that ERK was alternatively activated under high AKT background upon acidosis[6].
Whether LncRNA is involved in this process is still unknown. In this study, we offered novel insights of
acidosis as well as BC040587, which is a downstream factor of acidosis and the first LncRNA reported in
RCC.
In comparison with adjacent normal breast tissue, BC040587 expression significantly decreased in breast
cancer [11]. What’s more, Lower level of BC040587 was believed to be an bio-marker in aspect of
prognosis [11]. However, we found that BC040587 is required in acidosis-induced cell invasion(Fig. 2).
Acidosis can no longer induce cell invasion after BC040587 had been knockout(Fig. 1A and 2D).
Moreover, higher BC040587 suggested poorer prognosis in RCC when referring to cancer stage and
overall survival(OS).
It is very common that the function of genes varies from tumors to tumors. For example, miRNA serve as
either an oncogene or a suppressor gene in cancer. miR-223, a suppressor in human osteosarcoma cells,
inhibited the level of HSP90B1, contributing to cell apoptosis and cell survival inhibition[21]. On the
contrary, miR-223 can also be an oncogene, increasing invasiveness via MEF2C[22]. Similarly, it is
reasonable that the role of BC040587 in RCC differs from that in other tumors. The reasons for this
phenomenon might be as follows, 1) an important mechanism of LncRNA is well known as ceRNA, in
which LncRNA serve to combine miRNA; and miRNA targets various genes, which might be oncogenic or
tumor suppresive. 2) BC040587 is involved in different pathway in various cancers. In the current study,
acidosis induced the activation of AKT/mTOR and MEK/ERK pathway in BC040587-dependent manner.
3) In consistent of miRNA, some LncRNAs might be an oncogene or a tumor suppressor themselves. 4)
The diversity might be based on different genetic and epigenetic background as well as expression
signatures.
Of interest, what we have found provide more evidence that acidosis induces AKT/mTOR and MEK/ERK
pathway. These pathways are of vital importance in cell invasion. For instance, AKT/mTOR signaling
activation causes cell survival of glioma and metastasis [23]. Fisetin suppresses the metastasis of RCC
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via MEK-ERK pathway[24]. Positive and negative cross talk was found between AKT/mTOR and
MEK/ERK. Activation of Akt inhibited ER-mediated ERK phosphorylation[25]. In the present study, the
cross talk between the two pathways is very likely to occur in acidosis-induced cell invasion in RCC. In
spite of this, the potential mechanism needs further investigation and full elaboration.
ERK phosphorylated Mdm2 at Ser166 in liver cancer[26], while activation of the PI3K-AKT pathway
phosphorylates of MDM2[27]. Likely, Activation of ERK and AKT leads to phosphorylation of MDM2 in
RCC(Fig. 4B). In the present study, acidosis also induces activation of MDM2(Fig. 4C), what’s more,
MDM2 was not phosphorylated after activation of AKT and ERK were blocked by inhibition of BC040587,
suggesting additional evidence of ERK/pMDM2 and AKT/pMDM2 axis. Moreover, activation of MDM2
elevated the level of Snail, which is critical in cell invasion. Activation of MDM2 was reported to increase
Snail level[28]; in consistent with that, inhibition of MDM2 by siRNA significantly down-regulated Snail,
resulting in decrease of cell invasion. Thus, these data suggests that BC040587/MDM2/Snail is crucial in
the cell invasion in response to acidosis.
The clinical data further uncovered the significant role of BC040584 in RCC. Elevated level of BC040587
indicates advanced RCC and decreased OS. In consistent with the clinical results, over-expression of
BC040587 could be the main reason of invasion and metastasis, accelerating the development of RCC.
Thus, BC040587 might be an important target in therapy of RCC. However, the underlying mechanism of
how BC040587 regulates ERK/MDM2 and AKT/MDM2 remains to be further investigated. Also, the
clinical value of BC040587 could be more convincing by including more cases of RCC in various centers.

4 Conclusions
We believe that BC040587 is a novel LncRNA involved in acidosis-mediated cell invasion (Fig. 6). Acidic
tumor micro-environment can induce over-expression of BC040587 which activates AKT-mTOR and MEKERK pathway, indicating that BC040587 sits ahead of the pathways (Fig. 6). Thus, the activation of both
AKT and ERK can boost MDM2 phosphorylation in various ways, leading to increased Snail. As a cell
invasion promoter, Snail can result in cell invasion and metastasis. The BC040587-AKT/ERK-pMDM2Snail axis facilitates understanding of development and is also likely to be potential therapeutic target in
RCC.

5 Materials And Methods

5.1 Reagents
Primary antibodies including pERK(Thr202/Tyr204), pAKT(Ser473), p-P90RSK(Ser380), pMEK1/2(Ser221), mTOR, p-MDM2(Ser166), GAPDH, alpha-Tubulin, were from Cell Signaling (Danvers,
MA, USA). Real time PCR primers were from Sangon (Shanghai, China). siRNAs were from GenePharma
(Shanghai, China). Renal cancer cell lines 786-O and 769P, and HEK293T were obtained from ATCC
(Manassas, VA, USA).
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The medium was adjusted as PH6.6 as before[6].

5.2 BC040587 Knockout
Knockout plasmids were constructed based on CRISPR/Cpf1[29], targeting BC040587. Vectors without
specific gRNAs were used as control. Lenti-Cpf1/BC040587 was infected before the cells were seeded.
After screening with puromycin, the cell clones were picked and the level of BC040587 was validated by
qPCR.

5.3 Invasion assay
Cells were cultured with acid medium for 0 h, 0.5 h and 1 h before starved for 2 hours. 2*104 RCC cells in
serum-free medium were added to the up chambers, before being put into complete medium. After the
cells in the upper chamber were wiped away, the other RCC cells were stained. Five random fields were
photographed and the cells were counted.

5.4 Real time quantitative PCR
The concentration of extracted RNA was detected by spectrophotometer. Then RNA was reverse
transcribed into cDNA, which was used for quantitative PCR on a Roche LightCycler® 480 Instrument II
(Roche Applied Science, Mannheim, Germany). The Primers were in supplemental table.1. GAPDH was
used as an internal control. Delta delta Ct method was used as previously[6].

5.5 Western blot
The whole cellular protein of harvested cells were extracted. The protein was transferred with PVDF
membrane after SDS-PAGE. Western blot analysis was done as before[6].

5.6 Database analysis
BC040587 was input into cBioPortal (http://www.cbioportal.org)[19]. We used the dataset of kidney renal
clear cell carcinoma (TCGA, Firehose Legacy), as it has the most cases among all datasets. MRNA
expression z-scores relative to all samples was investigated in genomic profiles. Z-scores threshold was
set as ± 2.0.

5.7 Clinical feature characterization
59 cases of RCC cancer patients were included in this study. Data including patient cancer type, stage at
diagnosis, and cancer therapy, were collected. Clinical outcomes including recurrence and overall survival
were calculated.

5.8 Statistical analysis
T-test or one way analysis of variance with hoc Tukey test was used to make a comparison of differences
between groups. The Welch’s correction of t-test was used regarding to unequal variances. Two side of P
< 0.05 was considered as statistically significant.
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Abbreviations
RCC renal cell carcinoma
OS overall survival
MDM2 Murine Double Minute 2
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Figures

Figure 1
Acidosis induces invasion of renal cancer cells. The number of invasive 769P cells(Fig.1 A) and 786-O
cells(Fig.1 B) was increased significantly after exposed to acid medium at 0.5h and 1h. Acidosis induced
increased level of Snail in 769P cells(Fig.1 C) and 786-O cells(Fig.1 D).
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Figure 2
BC040587 is required in acidosis-induced cell invasion. A) Small scale LncRNA profiling uncovered
potential related LncRNAs to acidosis. B) BC040587 increased and got a peak at 1 hour in both 769P and
786-O cells. C) BC040587 was knocked out by CRISPR/Cpf1 system. D)Acidosis cannot induce increased
invasion ability after BC040587 had been knockout in 769P cells. E) Snail over-expression 1 hour after
exposure to acidosis was abolished after knockout of BC040587.
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Figure 3
Acidosis induces the activation of PI3K/AKT and MEK/ERK pathway in a BC040587-dependent manner.
A) acidosis phosphorylated P90RSK MEK1/2 and pAKT. B) Phosphorylation of AKT 1 hour after exposure
to acidosis was abolished after knockout of BC040587. C) ERK activates in 769P cells in response to
acidosis and knockout of BC040587 leads to inactivation of ERK. D) The role of BC040587 in activation
of AKT/mTOR pathway is as some as that in MEK/ERK pathway.
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Figure 4
MDM2 is involved in the BC040587-required cell invasion upon acidosis. A) BC040587 was closely
related to some genes including CDKN2A, MDM2, CDK4, TP53, RB1, and CCNE1. B) MDM2
phosphorylation was induced by acidosis and was abolished by BC040587 knockout. C) Acidosisinduced over-expression of MDM2 was abolished by siRNA-MDM2. D) Cell invasion was not increased
after knockout of MDM2 compared with that before knockout. E) Snail over-expression in response to
acidosis was abolished after knockdown of MDM2.

Figure 5
BC040587 indicated poorer prognosis in RCC. A) The level of BC040587 was elevated in stage III/IV
compared with that in stage I/II. B) Patients with over-expressed BC040587 had poorer prognosis when
overall survival was compared.
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Figure 6
BC040587 is a novel LncRNA involved in acidosis-mediated cell invasion. Acidic tumor microenvironment can induce over-expression of BC040587 which activates AKT-mTOR and MEK-ERK
pathway, indicating that BC040587 sits ahead of the pathways.
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