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Abstract: Increasing evidence suggests that hepatocellular carcinomas (HCCs) are sustained by a distinct
subpopulation of self-renewing cells known as cancer stem cells (CSC). However, our understanding of
their regulation is limited. Rapid reversible changes of CSC-like cells within tumors may result from the effect
of biological mediators found in the tumor microenvironment. This paper aims to explore how nitrite, a key
cellular modulator whose level is elevated in many tumors, affects CSC-like phenotypes of human hepatoma
cells SMMC-7721 cells. The SMMC-7721 cell line was cultured under serum-free conditions to produce
floating spheres. The distribution of cell cycle was analyzed by flow cytometry, the capability of cells
self-renew was detected by colony-forming capabilities and spheroid-formation assay, the expression of stemness
protein such as CD133, CD90 and EpCAM were determined by flow cytometry and Western blot, cell invasion
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was analyzed by transwell assay, and viability of SMMC-7721 parental cells and spheroids cancer cells was
determined by the 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2- H-tetrazolium bromide (MTT) assay. Xenograft
tumor models were established by subcutaneously injecting SMMC-7721 spheroids cancer cells, the transplanted
tumor tissue ROS levels was detected by reactive oxygen species (ROS) test kits, the expression of HIF-1a was
observed by immunofluorescence. Our results showed that the SMMC-7721 spheroid cells were enriched with
CSCs properties, indicated by the ability to self-renew, increased expression of CSCs markers, and increased
resistance to chemotherapeutic drugs. Additionally, SMMC-7721 parental cells and spheroids cancer cells were
treated with 150 pmol-L™ sodium nitrite for 6 days, compared with control cells, an increased accumulation
of Gy/G; phase cells was observable in treatment cells. Indeed, our data demonstrated that in parent cells and
spheres cells that were treated with sodium nitrite for different time, the cells’ ability to chemoresistance and
invasion, clone-forming efficiencies and the spheres forming ability were significantly higher than that of control
cells. Exposure of sodium nitrite regulated CSC-like phenotype, indicated by increased expression of known
CSC markers, CD133, CD90 and EpCAM in the exposed parental cells, as well asin dormant spheroids cancer

cells. Compared with the parent cells, the above effects of nitrite on the spheres cells were significantly

enhanced.

In vivo data also presented a more significant promotion of tumor xenograft growth from the nitrite

treatment than from either of the control. Mechanistic analysis indicated that nitrite induced the upregulation of
HIF-1a as well as the downregulation of ROS in the tumor microenvironment.  These results suggest that nitrite
increases the invasiveness of SMMC-7721 cells through up-regulation of tumor stemness.
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Figure 1 Induction of sphere cells from SMMC-7721 cell lines (magnification, 40 x). Tumor sphere culture was performed in ultra-
low attachment dishes for different times. Dark dots represent dead differentiated cells. Survived cancer stem cells have formed
clusters named spheres. Formation of spheres was observed from day 3 to 7; the sphere size increased during this period
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Figure 2 Effects of sodium nitrite (SN) on distribution of cell
cycle in SMMC-7721 parenta and sphere cells. A: The cells
stained with propidium iodide were subjected to flow cytometric
anaysis to determine the cell distributions at each phase of the
cell cycle; B: The quantified results of flow cytometry analysis
showed that treatment with SN (150 pmol-L ™, 24 h) resulted
in parental and sphere cells arrest in Go/G; phase, compared
with the parent cells, the proportion of Go/G; phase cells were
increased approximately 1.5 folds in sphere cells, while the Go/M
phase proportion was significantly decreased. n=3, X=*s.
"P<0.05 vs parental cell group; *P<0.05 vs sphere cell group
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Figure 3 SN enhanced tumor the self-renewal capacity of
SMMC-7721 parental and sphere cells. A: The numbers of
colonies were counted after staining with crystal violet; B: The
spheres were imaged under a light microscope (magnification,
100x); C: The histogram indicated the number of colonies; D:
The quantified tumor spheres numbers of B. n=3, x+s. P<
0.05 vs parental cell group; “P<0.05 vs sphere cell group
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Figure 4 Effects of SN on the expressions of hepatoma stem
cell related proteins in SMMC-7721 parental cells and sphere
cells.  Flow cytometry analysis showed that treatment with
SN (150 pmol-L™%, 24 h) resulted in parental and sphere cells
increased the expressions of CD133 (A), CD90 (B) and EpCAM
(C), compared with the parent cells, and these marker were
increased approximately three folds in SMMC-7721 sphere cells.
n=3, x+s. 'P<0.05 vs parental cell group; *P<0.05 vs sphere
cell group
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Figure 5 Effects of SN on the expressions of hepatoma stem cell related proteins in SMMC-7721 parental cells and sphere cdls.
A: Western blot data showed that the expressions of the CD133, CD90 and EpCAM proteins were upregulated in sphere cells compared
with those in parental cells.  Treatment with SN (150 umol-L™%, 24 h) resulted in parental and sphere cells increased the expressions
of markers, compared with the parent cells, and the above effects of nitrite on the spheres cells were significantly enhanced. B: The

quantified results of A.
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Figure 6 Effect of SN on the invasion ability of SMMC-7721 parental cells and sphere cells.  A: Transwell invasion assays the cells

invading the matrigel after 24 h of culture as shown by the microscopic images (magnification, 100x).
formaldehyde and stained with crystal violet. B: The quantified results of A.

vs sphere cell group
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Figure 7 Effect of SN on the drug resistance of SMMC-7721

parental cells and sphere cells. The cells exposed previously

to DMEM or SN (150 umol-L™) for 24 h, and then treated with

a seria dose of cisplatin for 24 h, the viability of cells was

reflected by the MTT absorbance (n=3, X=+9)
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Figure 8 SN augments the tumorigenic properties of SMMC-7721 sphere cells in vivo.

Sphere cell Sphere cell+SN

A: The untreated or SN pre-treated

SMMC-7721 sphere cells were injected subcutaneously in the left and right flank of the same BALB/c nude mice, the xenograft tumor

were showed. B: Effect of SN on volume of xenografts in mice bearing sphere cells.
sponding tumor weight (g), measured after harvesting on day 21, in the same mice.
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Figure 9 Comparisons in the number of metastatic nodules in
thelung. A: At the 21rd day following the interventions, BALB/c
nude mice from each group were euthanized and the numbers of
tumor nodules (red arrow) in the lung were showed. B: Sphere
cells received SN treatments had significant higher findings in
tumor metastatic nodules than the one without ( P<0.05).
X+s. P<0.05 vsspherecell group

n=>5,

C: The plot shows the comparison of corre-
n=5, x+s. P<0.05 vsspherecell group

Sphere cell+SN

Sphere cell

ROS / fold of sphere cells

Figure 10 Effect of SN on ROS production in xenografted
tumors. A: The frozen section of xenografted tumors co-
incubated with ROS assay kit for 2 h, and then detected by fluo-
rescence microscope. B: Xenografted tumors ROS production
was detected by Image-pro plus. n=5 x+s. 'P<0.05 vs
sphere cell group
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Figure 11 Effect of SN on HIF-1a expression in xenografted
tumors. A: The frozen section of xenografted tumors immuno-
fluorescence staining of HIF-1a, and then detected by fluores-
cence microscope. B: Xenografted tumors HIF-1a expression
was detected by Image-pro plus. n=5, X+s. P<0.05 vs
sphere cell group
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