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[ Abstract ] Background and purpose: Dihydrofolate reductase (DHFR) is expressed highly in platinum-resis-
tant ovarian cancer. This study aimed to explore the relationship between the silence of DHFR gene and platinum drug
resistance in ovarian cancer, and lay the foundation for the treatment of platinum-resistant ovarian cancer. Methods: To
design targeting hairpin siRNA of DHFR gene, the optimal siRNA silent sequence was selected, and lentiviral vector
carrying DHFR gene was constructed successfully, named DHFR-pGCSIL-SKOV3 cell. Flow cytometry was used to
detect the cell apoptosis of DHFR-pGCSIL-SKOV3 cells, pGCSIL-SKOV3 cells and SKOV3 cells incubated in various
concentrations of cisplatin (2.5, 5.0, 10.0 and 20.0 pg/mL) at different time points (24, 48 and 72 h), and cell cycle
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changes of these cells at ICy, cisplatin concentration (4.4 pg/mL). High performance liquid chromatography was used to
test intracellular concentration of cisplatin at different induction concentration of cisplatin (2.5, 5.0 and 7.5 pg/mL) and
various time points (24 and 48 h). Ultrastructural changes of these cells at concentration of cisplatin ICs, (4.4 pg/mL)
were observed by transmission electron microscope. Results: After annealing double-strand nucleotide was connected
to pGCSIL/GFP vector, sequencing result was correct. SKOV3 cell were transfected with virus particles followed by
Western blot detection of interference effect. Flow cytometry was used to detect apoptosis in three groups of cells, and
increased apoptosis rate was found at the raised cisplatin concentration (2.5, 5.0, 10.0 and 20.0 pg/mL) at 24, 48 and
72 h in DHFR-pGCSIL-SKOV3, pGCSIL-SKOV3 and SKOV3 cells. The apoptosis rate in DHFR-pGCSIL-SKOV3
was significantly higher than that in pGCSIL-SKOV3 and SKOV3 cells at 24 and 48 h (P<0.05). Flow cytometry was
adopted to test cells cycle of 3 groups at different time period under ICs, cisplatin concentration (4.4 pg/mL), the results
indicated that G,/G, phase cell rate of DHFR-pGCSIL-SKOV3 was much more than the others, of which G,/M and S
phase cell rates were on the contrary. While at 72 h, 3 groups were mainly G,/M and S phase cell rates, DHFR-pGC-
SIL-SKOV3 was lower than the others. High performance liquid chromatography method was used to detect intracellu-
lar cisplatin concentration at 24 and 48 h after the cells were incubated at various concentrations of cisplatin (2.5 and 5.0
pg/mL). The results showed the intracellular cisplatin content of DHFR-pGCSIL-SKOV3 cell was significantly higher
than that of pGCSIL-SKOV3 and SKOV3 cells. However, after incubation at cisplatin concentration of 7.5 pg/mL, the
intracellular cisplatin content of DHFR-pGCSIL-SKOV3 cell was significantly lower than that of pGCSIL-SKOV3 and
SKOV3 cells at 24 h, while higher than pGCSIL-SKOV3 and SKOV3 cells at 48 h (P=0.034, P=0.014). We observed
ultrastructural changes of three different cell lines induced by ICs, cisplatin concentration(4.4 pg/mL) at different
time points by the electron microscope. We found that the microfilaments were increased and gathered together and
mitochondrial structure was also changed obviously without the drug. However, there was rare microfilament in three
groups of cells at 24 and 48 h, while at 72 h, obviously increased inordinate microfilaments were observed. Conclusion:
We successfully constructed pGCSIL lentivirus interference carrier carrying DHFR gene. The research indicates that
down-regulation of DHFR gene is related to cisplatin drug resistance in ovarian cancer. The results laid the foundation
for us to investigate the molecular mechanisms of multidrug-resistance in tumor.
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Fig.1 The construction of DHFR-pGCSIL recombinant plasmid vector and sequence diagram
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Fig. 2 Sorting of SKOV3 cells by flow cytometry
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Fig.3 Detection of DHFR expression in SKOV3 cells of three
different groups by Western blot

A: SKOV3 cell; B: pGCSIL-SKOV3 cell; C: DHFR-pGCSIL-

SKOV3 cell

F 1 Western blotil|348 A [ A SKOV3Z A FFDHFR
HIREE
Tab.1 Detection of DHFR grey value in SKOV3 cells of three

different groups by Western blot

Grey value  Grey value Grey value

Cell (DHFR  (GAPDH  (DHFR/
antibody) antibody)  GAPDH)

1: SKOV3 3.17 12.53 0.25

2: pGCSIL-SKOV3 2.97 12.76 0.23

3: DHFR-pGCSIL-SKOV3 1.43 12.49 0.11
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Tab.2 Comparison of apoptosis rates in 3 groups after different cisplatin concentrations at different time

(%, X£5)

Group DHFR-pGCSIL-SKOV3 SKOV3 pGCSIL-SKOV3 Py Puy P
24h 48 h 72h 24h 48 h 72h 24h 48h 72h  value value value

25pug/mL 5324024 15.30+1.32 46.11£0.68 5.06£0.22 20.20:+1.46 29.00£1.23 7.16+0.49 23.27+1.3522.25+1.16 1.023 0.003 0.023
5.0 ug/mL 9.90+0.49 40.02+0.79 60.84+1.48 10.63+0.49 37.12+2.08 46.03+2.01 11.01+0.87 35.26=1.38 44.16+1.87 0.098 0.036 0.034

10.0 pg/mL  22.83+0.44 57.09+0.89 80.26+1.32 12.83+0.85 47.16+1.45 66.40+1.68 12.07+1.22 49.55+2.02 62.85+1.89 0.035 0.009 0.012
20.0 pg/mL 41.42+1.05 69.35+1.35 90.42+1.47 27.46+1.01 64.12+2.63 83.12+2.07 26.52+1.13 64.89+2.81 82.97+2.28 0.028 0.047 0.000

R 3 ICIASHBEIRE (4.4 ng/mL)1E F7R [ A 18] f5 34 40 A i B A LL 2

Tab.3 Comparison of cell cycles in 3 groups induced by IC;, cisplatin concentration (4.4 pg/mL) at different time

(%, Fs)

G,/G, S G,/M

24 h 48 h 72h 24 h 48 h 72h 24 h 48 h 72 h
62.60£0.44 5548143 2342024 30.49+0.89 44.30£1.12 60.94+40.78 4.91+0.88 0.22+0.11 36.72+1.03
57.03£0.99 37.29+1.01 0.96:021 31.11+1.31 62.67+0.59 36.14+0.81 11.86+0.64 0.04+0.31 62.90+1.24
56.5940.89 38.97+0.93 0.24+0.18 29.70+0.92 55.77+121 26.81:0.93 13.7120.68 5.25+0.78 72.95+1.19

Group

DHFR-pGCSIL-SKOV3
SKOV3
pGCSIL-SKOV3

P value 0.044 0.022 0.004 0.057 0.005 0.019 0.008 0.001 0.037
A P
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‘é 00125 ///
§ o000 ///
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B c
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Fig. 4 The establishment of chromatogram standard curve by high performance liquid chromatography

A: The establishment of chromatogram standard curve by high performance liquid chromatography; B: High performance liquid chromatography
detected the chromatograms without cisplatin but with nickel chloride (x50), the peak time of nickel chloride is in 8.195; C: High performance
liquid chromatography detected the chromatograms without nickel chloride but with (x50), the peak time of cisplatin is in 5.450
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Tab.4 Comparison of cisplatin concentrations in vivo in 3 groups at different cisplatin concentrations and at different time

[PB/(Hg'mL-I), fﬂ:‘g]

2.5 pg/mL 5.0 pg/mL 7.5 pg/mL
Ttem
Oh 24 h 48 h 24 h 48 h 24h 48 h
DHFR-pGCSIL-SKOV3 0.331+0.013  2.458+0.012 1.770+0.023  1.992+0.031  1.843+0.025  0.693+0.031 1.741+0.022
SKOV3 0.923+0.022  1.721£0.021 1.196+0.023  1.031+0.032  1.149+0.028 1.104£0.019  1.265+0.025
pGCSIL-SKOV3 0.902+0.019  1.168+0.025 1.135+£0.021  1.560+0.033  1.228+0.025 1.170£0.027  0.437+0.035
P value 1.453 0.006 0.043 0.034 0.032 0.034 0.014

2.7 RABEHBEFERNAERBERMNICIIE  ErFGEEN; MpGCSIL-SKOV3 & SKOV34
[RE IR ERH3HE MM BRI JIAE24 148 W5 BT 5Kk /D UL, Bomr iR 2 kb ek

IC5y(4.4 ng/mL)45 252448 b, 3440fufy AR, SLEF2-34E/RIEIATF7E . DHFR-
Wz /0, DHFR-pGCSIL-SKOV34iffifE24 h  pGCSIL-SKOV3ZHMIfET2 hig, 122 o34
JE AT BLZRL AR K . IR L Sk . E Wz, ZORARZEHINE S ; MipGCSIL-SKOV3
WERY 5K, A REMZHIR, RILE/R  SKOV3AIAEMZHZEL, LRiRIEE LR
AR, 48 hinf HoF SZ bR iR e, ik [#15, 3RS5).

ST g

B 5 RAESEEAINAE R EBRICIMEHRERE 4.4 ng/mL) K4 B RN T

Fig. 5 A transmission electron microscope was used to observe cell ultrastructure changes in three groups at IC;, cisplatin concentration

(4.4 pg/mL) in different periods

A: The arrow indicatd gathered microfilament bundles; B: The arrow indicatd irregular microfilament bundles; C: The arrow indicatd regular
microfilament bundles; D: The arrow indicated mitochondria vacuoles
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Tab.5 Cell ultrastructure changes in 3 groups at IC,, cisplatin concentration (4.4 pg/mL) in different periods detected by transmission

electron microscope

Time Item

DHFR-pGCSIL -SKOV3

pGCSIL-SKOV3 SKOV3

Oh Mitochondria
Endoplasmic reticulum expansion
The ribosome aggregation

Microfilament

Vacuoles, disappear

Structure is normal

++ +

24h ?It;tglrlccézplatin Mitochondria The number increased, cavitation Str;;%gé;rﬁ?;ge Structure is normal
Endoplasmic reticulum expansion ++
The ribosome aggregation
Microfilament +

48 h after cisplatin

induced Mitochondria

Endoplasmic reticulum expansion
The ribosome aggregation
Microfilament

72 h after cisplatin

induced Mitochondria

Endoplasmic reticulum expansion
The ribosome aggregation

Microfilament

Many forms are visible and part of
solution

Change significantly

Change significantly

Number increase, expansion
The number increased and contraction at the same
time

+

Rodlike and “C” structure  Structure disappeared

o+ - o

disorders

-: Means none; +: means less; ++: Means more; +++: Means a little more; ++++: Means much more
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