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Abstract. — OBJECTIVE: B lymphoma is a
type of malignant tumor originating from the
lymphatic hematopoietic system. The pathogen-
esis and treatment methods are not clear. The
change of oxidative stress is closely related to
the cell DNA damage and cell apoptosis, which
may be served as a target for cancer treatment.
This study aims to illustrate the role of oxidative
stress in the regulation of B lymphocytoma.
PATIENTS AND METHODS: The tumor tissue
was collected from patients with B lymphoc
ma. The p66shc level was detected by We
blot. Hydrogen peroxide (H,0,) was assess
the kit. The oxidative stress model of B lymp
ma cell was established by H,O, treatment. R

by the kit. Cell apoptosis
nexin V-PI.

ly reduced, while
cantly decreased j

production promot-
, induced DNA damage,

ive stress could be treated as a
target for B lymphoma.

, Oxidative stress, B lymphoma.

Introduction

B lymphoma is a kind of malignant tumor orig-
inated from the lymphatic hematopoietic system.
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Its incidence
Viruses and

utation,
, radiation,

ad a close relationship
age and apoptosis, which, there-

as a treatment target for can-
arches suggested that induction

ulate tumor progress®. Adapter protein P66Shc,
y proto-oncogene Shc, is involved in the
gical process of metabolism, oxidative
stress, and cell aging in mammals®’. It is a key pro-
tein associated with oxidative stress in the cell and
can induce cell apoptosis through cytochrome C in
the mitochondria for the production of ROS?®. It was
found that p66shc expression was changed in mul-
tiple tumor cells. Moreover, its dysregulation stat-
ue was in diversity in different cell types. In hu-
man colorectal cancer cell line HCTS, the knock-
down of p66shc inhibited cancer cell survival via
PI3K/AKT/Mdm-2/p53 signaling pathway®. On the
contrary, it was reported that p66shc-miR-21-Sod2
signaling pathway suppressed hepatic cancer'’.
However, the expression and mechanism of p66shc
in B lymphoma have not been elucidated. In this
experiment, we aimed to explore the expression of
p66shc in human B lymphocytoma and the regula-
tion effect of ROS-p66shc signaling pathway

Materials and Methods

Main Reagents

Total protein extraction kit was purchased
from Keygen (Nanjing, Jiangsu, China). Radio-
immunoprecipitation assay (RIPA) and bicin-
choninic acid (BCA) protein quantification kit
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were provided by Beyotime (Suzhou, Jiangsu,
China). The p66shc antibody was bought from
Proteintech (Wuhan, Hubei, China). Horserad-
ish peroxidase (HRP-labeled goat anti-rabbit
IgG (H+L) was got from ZSbio (Beijing, China).
MTT reagent was obtained from Sigma-Aldrich
(St. Louis, MO, USA). Dulbecco’s Modified
Eagle Medium (DMEM), fetal bovine serum
(FBS), and penicillin-streptomycin were provid-
ed by Gibco (Rockville, MD, USA). Si p66shc
and si control were designed and synthetized by
Genepharma (Shanghai, China).

Main Instruments

The clean bench was provided by Boxun
(Shanghai, China). Gel imaging system UVP
Multispectral Imaging System was purchased
from Bio-Rad (Hercules, CA, USA). PS-9 semi-
dry transfer electrophoresis was obtained from
Jim-x Scientific (Dalian, Liaoning, China). BD
FACSCalibur was bought from BD Biosciences
(San Diego, CA, USA). CO, incubator and Ther-
mo-354 microplate reader were got from Thermo
Fisher (Waltham, MA, USA).

Cell Culture
Human B lymphoma cell line RAMOS
bought from Cell Bank, Institute of Chm

from the lymphoma
of the 15 patients had

WWof the First Affiliated Hospital of
pzhou University.

H,OXevel Determination

Tlssue H,0, level detection kit was purchased
from Nanjing Jiancheng Bioengineering Institute
(Nanjing, Jiangsu, China). A total of 100 mg tis-
sue was homogenated in 1 ml ddH,O. The super-
natant was used to test H,O, level according to the

manual.
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Cell Transfection and Drug Administration

The p66shc siRNA were obtained from the ref-
erence and synthetized by Genepharma (Shanghai,
China)"'2, si p66Shc sense: CCGCTTTGAAAGT-
GTCAGTCA; anti-sense: TCAGCTACCACATG-
GACAATC. The cell line was passaged one day
before transfection. The cells were seeded

was hydrolyzed to DCFH in
CFH was oxidized to DCF with
fluorescence intensity by an oxidizing agent
Is. The cells were digested to cell sus-
after transfection. Next, the cells were
incubated with CM-H,DCFDA for 30 min and
washed by DMEM for three times. At last, the
solution was detected on BD FACSCalibur (San
Jose, CA, USA).

MTT Assay

The cells in logarithmic phase were digested
with 0.25% trypsin and seeded in 96-well plate.
After transfected with p66shc siRNA at 50 nM
for 6 h, the cells were further cultured in DMEM
medium containing 10% FBS for 18 h. The cells
were incubated in 10 ul MTT solution for 4 h and
observed under the microscope. After the superna-
tant was removed, the cells were added with 150 pul
dimethyl sulfoxide (DMSO) and tested at 490 nm
after 12-15 h to calculate cell survival rate.

Cell survival rate (%) = (OD value in experi-
mental group — OD value in blank)/(OD value in
control — OD value in blank).

8-OHdG Level Detection

8-OHdG detection kit was purchased from
Keygen (Nanjing, Jiangsu, China). A total of 100
mg tissue were homogenated in 1 ml ddH,O. The
supernatant was used to test 8-OHdG level ac-
cording to the manual.
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Western Blot

Western blot was performed according to the
reference’®. The cells were washed with phos-
phate-buffered saline (PBS) and lysed by phenyl-
methylsulfonyl fluoride (PMSF) on ice for 5-10
min. Then, the cell debris were moved to a new
Eppendorf (EP) tube and centrifuged at 4°C and
12000 g for 5 min. The supernatant was quan-
tified by bicinchoninic acid (BCA) method and
boiled for 5 min. Next, the sample was separated
by 10% sodium dodecyl sulphate-polyacrylamide
gel electrophoresis (SDS-PAGE) and transferred
to polyvinylidene difluoride (PVDF) membrane
at 300 mA for 1 h. Then, the membrane was in-
cubated with p66shc antibody (1:1000) at 4°C
overnight and incubated with secondary antibody
(1:1000) at 37°C for 2 h. At last, the membrane
was developed by chemiluminescence.

AV-PI Staining

The cells were seeded in 6-well plate and trans-
fected with lentivirus; then, they were resuspend-
ed as single cell suspension and incubated with
AV and PI on ice avoid of light for 10 min. At last,
the cells were tested on BD FACSCalibur.
group was repeated for three times.
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Statistical Analysis

All data analyses were performed on SPSS 19.0
software (IBM Corp., IBM SPSS Statistics for
Windows, Armonk, NY, USA). The measurement
data were presented as mean + standard deviation
and received by normality test and homogeneity
test of variance. The data in normal digtzibution
were compared by 7-test or one-way .
post-hoc test of LSD. p < 0.05 wag
statistical significance.
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Figure 1. H,0, and p66shc expressions in human B lymphocytoma samples. A, p66shc protein expression. B, H,O, expression.

**p < 0.05, compared with paracarcinoma tissue.
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Moreover, p66shc level was positively correlated
with H O, in the tissue. We speculated that the
reduction of p66shc led to the decrease of ROS
production that promoted tumor progression.

The Impact of H,0,on ROS Production,
pP66shc Expression, and Cell Survival
Rate in B Lymphocytoma Cell Line
H,0O,-induced oxidative stress is a direct fac-
tor in leading to cell injury; thus, it is usually
used to establish oxidative stress injury model.
Therefore, we adopted different concentrations
of H,O, on B lymphoma cell line to observe
its influence on the levels of ROS production,
p66shc expression, and cell survival rate. As
shown in Figure 2A, H,O, markedly restrained
cell survival in a dose-dependent manner. Fur-
thermore, we selected two concentrations to ex-
plore the impact of H O, on p66shc expression.
As shown in Figure 2B, H,O, apparently upreg-
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ulated p66shc expression as the dose gradually
increased. The data on ROS level showed that it
was significantly elevated following H, O, treat-
ment (Figure 2C).

The Influence of H,O,on ROS,
DNA Damage, and Cell Apoptosi.
B Lymphocytoma Cell Line
To investigate the influence o
damage and cell apoptosis,
8-OHdG level and cell ap
shown in Figure 3A and
hanced cell oxidative
levels compared with
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Figure 2. The impact of H,0, on ROS production, p66shc expression, and cell survival rate in B lymphocytoma cell line. A,
Cell survival rate; B, p66shc protein expression; C, ROS level. **p < 0.05, compared with control.

1054



Oxidative stress induces B lymphocyte DNA damage and apoptosis by upregulating p66shc

A 100

80

60

40

8-OHdG level

*%

H202(uM)

Figure 3. The influe
0.05, compared with

S’ It revealed that H O, induced ROS
lation, DNA damage aggravation, and cell
ks enhancement, via p66shc overexpression.

The Impact of NAC on ROS, p66shc
Expression, DNA Damage, and Cell
Apoptosis in B Lymphocytoma Cell Line
Since the activation of p66shc can produce
a large amount of ROS, we explored whether
p66shc or ROS caused cell injury'. NAC, as the

109 10" 102 10°
Annexin V FITC
500

precursor of the reductive glutathione, belongs
to the oxygen free radical scavenger in the body,
which can balance the ROS level without affect-
ing the expression level of p66shc. After NAC
treatment, we tested ROS, p66shc expression,
DNA damage, and cell apoptosis in B lympho-
cytoma cell line. As shown in Figure 5A, no
statistical difference of ROS level was found in
cells intervened by H,O, compared with that in
normal control after NAC treatment. However,
p66shc upregulation still existed in cells after
treated by H O, and NAC, while it was reduced
compared with H O, model group, indicating
that the regulation of NAC on ROS level was in-
dependent of p66shc expression (Figure 5B). We
further detected DNA damage and cell apopto-
sis. As shown in Figure 5C and D, 8§-OHdG level
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Figure 4. Thee own on ROS, DNA damage, and cell apoptosis in B lymphocytoma cell line. A, p66shc
cvel; D, Cell apoptosis. **p < 0.05, compared with control.

wnificantly attenuated As shown in Figure 6A and B, ROS level was not
ing that p66shc upreg- changed significantly after siRNA p66shc trans-
clease, aggravated DNA fection in B lymphoma cell line treated by NAC.
cell apoptosis. Therefore, On the contrary, p66shc level was markedly de-
be treated as the target for the in- clined. As shown in Figure 6C and D, compared
with single H,O, treatment group, DNA damage
and cell apoptosis were significantly declined af-
uence of p66shc Knockdown ter NAC and siRNA p66shc treatment compared
er with NAC on p66shc with single intervention.
Expression, DNA Damage, and Cell
Apoptosis in B Lymphocytoma Cell Line

Next, we measured the role of ROS elevation Discussion
and p66shc overexpression in B lymphoma cell
H,0, damage. We used NAC and siRNA 966shc Cell oxidative stress level contributes to the
to determine their impact on B lymphoma cell. chromosome stability'® and is closely associat-
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Figure 5. The impact of NAC on ROS, p66shc expre
ROS level; B, p66shc protein level; C, 8-OHAG level;

mutation'®?°
are related with
tissue, leadin

WWshowed selectivity of killing ef-
tumor cells?".

guain function of p66shce is to regulate
cell idative stress reaction and the signal
transduction of life cycle®. It is the key protein
in recent research about cell oxidative stress,
and also participates in the modulation of mito-
chondrial activity, oxygen metabolism, and cell
oxidative damage?. Current researches indicat-
ed that the expression of p66shc was associated

Cll apoptosis in B lymphocytoma cell line. A,
**p < (.05, compared with control.

with tumor proliferation and migration. p66shc
was found decreased expression in B lympho-
ma cells, which was similar to our results®.

Meanwhile, we also found that after ROS
production was increased by H,O, intervention,
the level of p66shc was elevated, and presented
killing effect to the tumor cells. However, ROS
production was decreased, DNA damage and
cell apoptosis were attenuated after p66shc was
knocked down by siRNA, indicating that p66shc
overexpression killed cells via the production of
ROS, which was in agreement with the previous
finding of the effect of oxidative stress on can-
cer®. At the same time, we further found that
NAC also reduced p66shc expression, attenuat-
ed cell injury and apoptosis to a certain extent.
The killing effect of H,O, was further alleviated
after NAC intervention and p66shc knockdown
together, confirming that H,O, mainly played its
role through ROS-p66shc pathway. Therefore,
the activation of ROS-p66shc in tumor cells was
one of the possible anti-tumor strategies. Howev-
er, its efficacy in aminal experiment still needs
further investigation.
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promoted p66shc expression, induced
age, and facilitated cell apoptosis. Up-
reguld®on of p66shc could be treated as a new ther-
apeutic target for the treatment of B lymphoma.

Acknowledgements
This work was supported by Science and Technology Pro-
gram of Jincheng (201702022), China.

1058

¢ knockdown together with NAC on p66shc expression, DNA damage, and cell apoptosis in

Conflict of Interest
The Authors declare that they have no conflict of interests.

1)

References

EscriBA-GARCIA L, ALvAREZ-FERNANDEZ C, TELLEZ-GABRI-
EL M, SierrA J, Briones J. Dendritic cells combined
with tumor cells and alpha-galactosylceramide in-
duce a potent, therapeutic and NK-cell dependent
antitumor immunity in B cell lymphoma. J Transl|
Med 2017; 15: 115.



Oxidative stress induces B lymphocyte DNA damage and apoptosis by upregulating p66shc

2) loannpis I, Laurint JA. Use of smooth muscle
myosin heavy chain as an effective marker of
follicular dendritic cells. Appl Immunohisto-
chem Mol Morphol 2017 May 25. doi: 10.1097/
PAI.0000000000000538. [Epub ahead of print].

3) Zuao H, HEY, Li S, Sun X, WANG Y, SHAO Y, Hou
Z, XiNc M. Subchronic arsenism-induced ox-
idative stress and inflammatory contribute to
apoptosis through mitochondrial and death
receptor dependent pathways in chicken im-
mune organs. Oncotarget 2017; 8: 40327-
40344.

4) JiaJ, SHi X, JinGg X, Li J, Gao J, Liu M, Lin ClI, Guo
X, Hua Q. BCL6 mediates the effects of Gastro-
din on promoting M2-like macrophage polariza-
tion and protecting against oxidative stress-in-
duced apoptosis and cell death in macrophages.
Biochem Biophys Res Commun 2017; 486: 458-
464.

5) DysHiovoy SA, Rast S, HauscHilp J, OTTE K, ALs-
porF WH, MADANCHI R, KALININ VI, SiLcHENKO AS,
AviLov SA, Diertamm J, HoNECKER F, Stonik VA, Bo-
KeMEYER C, voN AmsBerG G. Frondoside A induc-
es AlF-associated caspase-independent apop-
tosis in Burkitt lymphoma cells. Leuk Lympho-
ma 2017; 58: 2905-2915.

6) ZHENG Z, LuaN X, ZHA J, LI Z, Wu L, YaN Y, WANG
H, Hou D, HuanG L, HuanG F, ZHeEnG H,
GuaN H. TNF-alpha inhibits the migration
squamous cancer cells mediated by miR-
EMP3-p66Shc axis. Cell Signal 2017; 34: 1
109.

7) Kumar S, Kim YR, Vikram A, Ng

vascular oxidative
function. Proc N
1714-1719.

HALLER M, KHA

7 Liu X, ZHU Y, Lu S, FENG
J, Jiang G, Hu C, ZHANG
, Lu Y, PAN H, ZHENG W, YIN
randomized, double-blind, pla-
d, multicenter, phase iii study
carboplatin/paclitaxel plus bevaci-
mab or placebo in Chinese patients with ad-
ced or recurrent nonsquamous non-small-
ung cancer. J Clin Oncol 2015; 33: 2197-
2204.

10) Yang J, Qu B, Li X, ZHANG H, Liu W. p53-p66(shc)/
miR-21-Sod2 signaling is critical for the inhibitory
effect of betulinic acid on hepatocellular carcino-
ma. Toxicol Lett 2015; 238: 1-10.

11) Kim YM, Kim SJ, Tatsunami R, YAMAMURA H, Fukal T,
UsHio-Fukai M. ROS-induced ROS release or-

13)

14)

15)

18)

19)

20)

21)

22)

23)

chestrated by Nox4, Nox2 and mitochondria in
VEGF signaling and angiogenesis. Am J Physiol
Cell Physiol 2017; 312: C749-C764.

XionG Y, Liu T, WaNG S, CHI H, CHEN C, ZHENG J.
Cyclophosphamide promotes the proliferation
inhibition of mouse ovarian granulosa cells and
premature ovarian failure by activating the In-
cRNA-Meg3-p53-p66Shc pathway. Gege 2017;
596: 1-8.

ZHANG C, DonGg WB, ZHao S, Li QJg
Guo L, ZHal XS. Construction o
terfering lentivirus vectors and ¥
veolar epithelial cells a
peroxia. Drug Des D
2622.

Reep DK, CARTER A,

ia an ERK5-dependent Nrf2 path-
r smooth muscle cells. PLoS One

G WD, Wu P, Liu Y, ZHou XQ, KuaNG
, TanG WN, ZHANnG YA, Fencg L. The de-
ased growth performance and impaired im-
function and structural integrity by dietary
iron deficiency or excess are associated with
TOR, NF-kappaB, p38MAPK, Nrf2 and MLCK
signaling in head kidney, spleen and skin of grass
carp (Ctenopharyngodon idella). Fish Shellfish
Immunol 2017; 65: 145-168.

Ja D, Lu W, ZnanGg X, Cal G, Teng L, WaANG X,
ZHANG M, Zeng Y, Liang C, Wana D. Calf Spleen
Extractive Injection (CSEI), a small peptides en-
riched extraction, induces human hepatocellu-
lar carcinoma cell apoptosis via ROS/MAPKs de-
pendent mitochondrial pathway. J Pharmacol Sci
2016; 132: 122-130.

SourouLLas GP, FEporiw Y, Staupt LM, SHARPLESS NE.
Lkb1 deletion in murine B lymphocytes promotes
cell death and cancer. Exp Hematol 2017; 51: 63-
70.e1.

TessouLN B, EveiltArRp M, Lok A, CHIRON D, MoRreau
P, Amior M, Moreau-AuBry A, LE GouiLL S, PeLLAT-DE-
ceunynck C. p53 dysregulation in B-cell malignan-
cies: more than a single gene in the pathway to
hell. Blood Rev 2017; 31: 251-259.

Roskoski R Jr. Ibrutinib inhibition of bruton pro-
tein-tyrosine kinase (BTK) in the treatment of B
cell neoplasms. Pharmacol Res 2016; 113: 395-
408.

Xie ZZ, Lw Y, Bian JS. Hydrogen sulfide and cellular
redox homeostasis. Oxid Med Cell Longev 2016;
2016: 6043038.

Priami C, DE MicHeLe G, CoteLul F, CELLERINO A, GIOR-
Glo M, Peuca PG, Miguaccio E. Modelling the p53/

1059



J.-Y. Lang, K. Ma, J.-X. Guo, H. Sun

24)

AR
&

p66Shc aging pathway in the shortest living ver-
tebrate nothobranchius furzeri. Aging Dis 2015; 6:
95-108.

Rav PD, HuanGg BW, Tsuui Y. Reactive oxygen spe-
cies (ROS) homeostasis and redox regulation
in cellular signaling. Cell Signal 2012; 24: 981-
990.

1060

25) LeppA A, Bewcaro G, DucalL M, Luzzi R, Hosor M,

FerAGALLI B, CoTELLESE R, CoSeNTINO V, COSENTINO M,
EGGENHOFFNER R, PeLLIzZZATO M, FRATTER A, GIACOMELLI
L. A natural pharma standard supplement formu-
lation to control treatment-related toxicity and ox-
idative stress in genitourinary cancer: a prelimi-
nary study. Eur Rev Med Pharmacol Sci 2017; 21:
4196-4202.





