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Abstract

The purpose of this study was to explore the mechanism of Solanine disrupt-
ing energy metabolism in human renal cancer ACHN cells and to clarify its
target. The specific method was to culture human renal cancer ACHN cell
lines, and to intervene with Solanine of high, medium and low concentra-
tions. The content of ATP in cells was measured by ELISA method. The ex-
pression of HIF-1a protein and the expression of PI3K, AKT, p-PI3K, p-AKT
in PI3K/AKT pathway were detected by Western blotting. The results showed
that compared with the control group, the relative expression of p-PI3K and
p-AKT showed a downward trend with the increase of Solanine concentra-
tion (P < 0.05), while the relative expression of PI3K and AKT showed no
significant change (P > 0.05). In addition, the relative expression of HIF-1a
also showed a downward trend (P < 0.05). According to the above results, it is
suggested that Solanine can significantly inhibit the energy metabolism of
renal cancer cells, the main mechanism of which is the down-regulation of
HI-1af downstream of the PI3K/Akt pathway by inhibiting the phosphoryla-
tion process of PI3K/p-PI3K and Akt/p-Akt.
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1. Introduction

Renal cell carcinoma is a common urinary malignancy, second only to bladder
cancer, accounting for about 2% - 3% of adult malignancies [1]. Renal cancer is
not sensitive to radiotherapy and chemotherapy, and surgery is the first choice

for its treatment. However, about 20% of patients still develop metastasis after
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radical nephrectomy with poor recovery, and the five-year survival rate is less
than 10% [2]. Therefore, how to improve the prognosis of patients with renal
cancer and prolong their survival time has become an urgent problem to be
solved clinically.

PI3K/Akt signaling pathway plays a key role in energy metabolism of tumor
cells. Activation of PI3K/Akt signaling pathway has been found in a variety of
tumors, and activated Akt (p-Akt) can phosphorylate a variety of downstream
substrates related to cell survival and interfere with energy metabolism of tumor
cells [3]. Previous studies have confirmed that PI3K/Akt signaling pathway plays
an important role in the occurrence, progression and metastasis of renal cell car-
cinoma, and the activation degree of this signaling pathway is closely related to
the survival time of patients with renal cell carcinoma [4].

Solanine is an alkaloid extracted and isolated mainly from the whole grass or
immature fruits of Solanine, a plant of the Solanaceae family. Studies have shown
that Solanine can not only change the tumor cell cycle and inhibit its growth, but
also act on multiple targets of the endogenous and exogenous apoptosis pathway
of tumor cells and cause the apoptosis of tumor cells [5] [6]. Through previous
studies, it has been confirmed that Solanine can significantly reduce the ATP
content of ACHN renal cancer cells, suggesting that glycolysis may be one of its
targets [7] [8] [9]. However, the specific mechanism of action of Solanine in in-
hibiting glycolysis of tumor cells remains unclear. The answer to this scientific
question will help to further reveal the relationship between changes in tumor
energy metabolism and tumor progression, and provide a new therapeutic strat-

egy for targeting tumor-specific glycolysis.

2. Materials and Methods
2.1. Main Reagents

Human renal cancer cell line ACHN was preserved in the central laboratory of
Shanxi Integrated Traditional Chinese and Western Medicine Hospital. DMEM
medium and calf serum were purchased from Hyclone Company, USA. Solanine
is purchased from Chengdu Munster Biotechnology Co., Ltd. (purity = 99%);
ATP content test box was purchased from Nanjing Jiancheng Institute of Bio-
logical Engineering; HIF-1qa, PI3K, Akt, p-Akt, p-PI3K antibodies are Cell Sig-

naling Company products.

2.2. Cell Culture

ACHN cell lines were cultured in DMEM medium containing 10% calf serum,
supplemented with appropriate amount of antibiotics (100 units/mL penicillin
and 100 pg/mL strepomycin), and incubated in a mixture incubator at 37°C and

5% CO,. The time of cell change was 2 - 3 days, and the passage was 3 - 5 days.

2.3. ATP Content Determination

ACHN cells in logarithmic growth phase were digested with 0.25% trypsin and
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added into DMEM medium containing 10% calf serum to prepare single cell
suspension with cell density of 5 x 10*. The cells were inoculated on 96-well plate
with 100 uL per well. After inoculation with medium, the cells were pre-cultured
in an incubator containing 5% CO, at 37°C for 24 h. Add 20 pL Solanine of dif-
ferent concentrations (0.5, 2, 8 ug/mL) to each well, and set the control group
without drug, set 6 duplicate Wells in parallel to each group. After 48 h of drug
administration, discard the supernatant by centrifugation, make cell suspen-
sion with normal saline, then add double steamed water, and continue to heat
for 10 min after homogenate is broken in boiling water bath. Centrifugal su-
pernatant was taken for determination. See ATP Kit Instructions for detailed

procedures.

2.4. The Expression of HIF-1a, PI3K, Akt, p-PI3K, p-Akt and Other
Proteins Were Detected by Western Blot

ACHN cells were inoculated into culture flask at a density of 1 x 10° per flask,
and the four groups were recorded as control group, low-dose Solanine group
(0.5 pg/mL), medium-dose Solanine group (2 ug/mL), and high-dose Solanine
group (8 pg/mL). After the cells adhered to the wall, the supernatant was dis-
carded, and the cells were respectively added and incubated for 24 h. After that,
all cells were collected and washed twice with PBS at 4°C. The pre-cooled cell ly-
sis buffer was added, and the lysates were lysed on ice for 15 min. The lysates
were centrifuged at 10,000 x g at 4°C for 30 min. The protein concentration of
supernatant was measured by Bradford method. Proteins were separated by 15%
SDS-polyacrylamide gel electrophoresis. After electrophoresis, the protein was
transferred to nitocellulose membrane, which was sealed with 5% skim milk
powder solution at 37°C for 2 h, then reacted with HIF-1q, PI3K, Akt, p-PI3K,
p-Akt and other primary antibodies at 37°C for 2 h, respectively. PBST was
washed twice for 15 min each, and then reacted with horseradish labeled second
antibody at 37°C for 1 h. After fully washing with PBST, DAB was used for color
rendering, scanning records were recorded, and anti-actin antibody was applied

to determine the consistency of loading volume.

2.5. Statistical Processing

Data were expressed as mean + standard deviation (x £ s ), and SPSS 21.0 statis-
tical software was used for data analysis. Analysis of variance was used for com-
parison of means between 2 groups or more, and t-test was used for comparison

of means between groups. P < 0.05 was considered statistically significant.

3. The Results
3.1. Effects of Solanine on ATP in ACHN Cells

The results showed that Solanine could reduce ATP production of ACHN cells
in a concentration-dependent manner, and the difference between the experi-
mental groups and the control group was statistically significant (P < 0.05), as

shown in Table 1.
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Table 1. ATP production in ACHN cells treated with solanine at different concentrations
for48 hours (n=3, x+s).

concentration (ug/mL) ATP (umol/mg)
0 35.45+0.32
0.5 31.11 £0.32
2 19.55 +2.98
8 7.38 +1.07
F value 54.38
P value <0.05

3.2. Expression Changes of HIF-1q, PI3K, Akt, p-PI3K and p-Akt in
ACHN Cells Treated with Solanine

Western blot results showed that after Solanine treatment, the relative expres-
sion of HIF-1a, p-PI3K and p-Akt in Solanine groups decreased with the in-
crease of drug concentration compared with the control group (P < 0.05). The
relative expression of PI3K and AKT had no significant change (P > 0.05), as
shown in Table 2.

4. Discussion

Solanine is an alkaloid extracted mainly from the whole grass or the immature
fruit of the plant nightshade. Modern pharmacology confirms that Solanine is
the main component of the plant Solanine. Recent studies have found that Sola-
nine can inhibit the growth of cervical cancer, liver cancer, pancreatic cancer,
breast cancer, lung cancer, prostate cancer, brain glioma and other tumors by
inhibiting cell proliferation, inducing apoptosis, blocking cell cycle, inducing
autophagy, inhibiting epithelial-mesenchymal transformation, inhibiting tumor
angiogenesis and other aspects [10] [11] [12] [13]. However, the research on the
anti-tumor activity of Solanine is still in the primary stage, and the anti-tumor
activity of Solanine, especially the mechanism of action on renal cancer, remains
to be further studied.

Metabolism, including substance metabolism and energy metabolism, is the
basic characteristic of life activities. Glucose metabolism is the main energy
source of cells, which mainly includes glycolysis and oxidative phosphorylation.
Warburg et al found that even under the condition of sufficient oxygen, al-
though mitochondrial oxidative phosphorylation can produce more ATP, tumor
cells still prefer to adopt glycolysis for glucose metabolism. This metabolic mode
is called aerobic glycolysis, also known as Warburg effect, which is a major fea-
ture of tumor cells that is different from normal cells. However, HIF-1a is in-
volved in the glucose metabolism of tumor cells. The metabolic capacity of tu-
mor cells is higher than that of surrounding normal tissues. The metabolic cha-
racteristic of tumor cells is that it provides a large amount of energy for itself

through glucose glycolysis. In this pathway, HIF-1a is mainly involved in regulating
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Table 2. Expression of HIF-1a, p-Akt, Akt, p-PI3K and PI3K proteins in ACHN cells
treated with solanine at different concentrations (n =3, X +s ).

Concentration (ug/mL)  HIF-1a p-Akt Akt p-PI3K PI3K
8 0.26 + 0.05 0.24 £ 0.02 0.52 + 0.02 0.21 £0.12 0.55 + 0.03
2 0.37 £ 0.06 0.28 £0.01 0.54 £ 0.01 0.25 £ 0.01 0.57 £ 0.02
0.5 0.44 +0.05 0.31 £0.01 0.54 +0.01 0.28 £ 0.02 0.59 £ 0.01
0 0.46 +0.03 0.37 £0.01 0.54 +0.01 0.36 +£0.03 0.60 + 0.01
F value 27.55 34.68 1.15 30.48 2.51
P value <0.05 <0.05 >0.05 <0.05 >0.05

the expression of glucose transporter and hexokinase [14] [15]. High expression
of HIF-1a in tumor cells can up-regulate the expression of 1/3 of glucose trans-
porter and increase glucose uptake. Meanwhile, HIF-1a can up-regulate the ex-
pression of most enzymes in the process of glycolysis and activate multiple steps
of glycolysis [16]. The results of this study showed that Solanine can inhibit the
proliferation of human renal carcinoma ACHN cells in vitro, reduce the expres-
sion of HIF-1a protein, and reduce the generation of ATP, suggesting that Sola-
nine can reduce the glycolysis of tumor cells by inhibiting the expression of
HIF-1a protein.

Phosphatidlinositol 3-kinase (PI3K)/serine threonine kinase (AKT) signal
transduction pathway is involved in many important biological processes such as
cell growth and apoptosis. PI3K/Akt signaling pathway is an important pathway
in the downstream signal transduction pathway of Ras [17]. The activation of
this pathway plays an important role in the inhibition of apoptosis of tumor cells
and is closely related to the occurrence and development of a variety of tumors.
Studies have shown that HIF-1a synthesis is involved in the activation of this
signal transduction pathway [18]. This study confirmed that Solanine had no ef-
fect on the protein expression of PI3K and Akt, but reduced the expression of
p-PI3K and p-Akt. It is suggested that Solanine can down-regulate the PI3K/Akt
pathway by inhibiting the phosphorylation of PI3K/p-PI3K and Akt/p-Akt.

Therefore, the anti-tumor target of Solanine is to inhibit the phosphorylation
process of PI3K and Akt in the PI3K/Akt/mTOR/HIF-1a signaling pathway, re-
duce the expression of p-PI3K and p-Akt, down-regulate the level of HIF-1aq, in-
hibit the energy metabolism process of tumor cells and reduce the generation of
ATP. Thus, the metabolic process of malignant tumors can be destroyed and the
effect of inhibiting tumor growth can be achieved finally. However, the interac-
tion between PI3K/AKkt signaling pathway and other pathways in ACHN cells

under the action of Solanine needs to be further studied and verified.
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