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[Abstract]  Objective To investigate whether Racl inhibitor has a synergistic effect on
temozolomide (TMZ) in inhibiting the proliferation, migration and invasiveness of glioma cells. Methods
Human glioma cell lines U87 and U251 were cultured by Racl inhibitor, TMZ or Racl inhibitor combined
with TMZ. They were divided into 4 groups: control group, Racl inhibitor group, TMZ group and Racl
inhibitor + TMZ group. The proliferation, migration and invasiveness of glioma cells were detected by
methyl thiazolyl tetrazolium (MTT), migration assay and Transwell assay. Results After cultured by Racl
inhibitor, TMZ or Racl inhibitor + TMZ, the cell proliferation of U87 and U251 were inhibited (P < 0.05, for
all). The inhibiting effect of TMZ was stronger than Racl inhibitor (P < 0.05, for all), while Racl inhibitor +
TMZ was much stronger (P < 0.05, for all). U87 and U251 migration [cells/low power field (LPF)] in Racl
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inhibitor group (39.00 + 9.53, 37.00 + 5.56), TMZ group (42.00 + 8.54, 36.00 + 9.00) and Racl inhibitor +
TMZ group (18.67 +10.54, 14.33 +5.00) was lower than that in control group (78.00 = 11.53, 75.00 = 4.00),
and the differences were significant (U87: P =0.001, 0.001, 0.000; U251: P =0.000, for all). U87 and U251
cell invasiveness (cells/LPF) in Racl inhibitor group (30.33 +3.51, 40.67 + 4.04), TMZ group (24.00 + 2.64,
37.33 £4.51) and Racl inhibtor + TMZ group (11.00 + 2.00, 15.33 + 2.52) was lower than that in control
group (64.33 +4.04, 77.33 + 3.06), and the differences were significant (U87: P = 0.000, for all; U251: P =
0.000, for all). In paired comparison among different groups, the migration (U87: P =0.021, 0.011; U251:
P =0.002, 0.003) and invasiveness (U87: P = 0.000, 0.001; U251: P = 0.000, 0.000) of cells in Racl
Both Racl

inhibitor and temozolomide can inhibit the proliferation, migration and invasiveness of glioma cells, while

inhibitor + TMZ group were significantly decreased than those in other groups. Conclusions

Racl inhibitor has a significantly synergistic effect on temozolomide.

[Key words) Glioma; racl GTP - binding protein; Temozolomide (not in MeSH); Cell

proliferation; Neoplasm invasiveness; Tumor cells, cultured
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Table 1. Comparison of glioma cell proliferation in each group at different time points (x £5, ODs70 )

Group N 1d 2d 3d 4d 5d 6d 7d

ug7
Control (1) 3 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00
Rac1 inhibitor (2) 3 100.00+0.00 97.14+3.92 95.91+0.97 92.87+1.96  95.57+2.84  91.02+291 92.33+3.90
TMZ (3) 3 100.00+0.00 92.44+3.94 81.12+4.22 74.20+2.22 69.08+2.22  61.81+4.34 56.11+1.80
Racl inhibitor+ TMZ (4) 3 100.00+0.00  85.39+5.33 70.65+2.09 60.30 +2.82 51.62+2.55 45.06+0.75 32.47+3.27

U251
Control (1) 3 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00 100.00+0.00
Rac1 inhibitor (2) 3 100.00+0.00 94.15+0.80 97.68 +2.55 92.94+1.70  94.75+0.95 96.45+3.56 97.48+2.23
TMZ (3) 3 100.00+£0.00 87.83+2.07 72.35+2.14 68.69 +4.80 56.11+1.43  54.65+2.16 46.26+5.36
Racl inhibitor+ TMZ (4) 3 100.00+0.00  75.62+5.25 66.18 +4.78 51.92+1.44  42.70+4.51 32.17+2.02 24.03+1.80

TMZ , temozolomide , B 5 I iz

T2 AL TR A A ) WL I ) A5 38 0% A ) R A 0 kit 1 U 22 2 Mk

Table 2. ANOVA of repeated measurement design on glioma cell proliferation in each group at different time points

Source of variation SS MS df Fvalue P value || Source of variation SS MS df  F value P value
ug7 U251
Treatment 17819.912 5939.970 3 1186.632 0.000 Treatment 28256.817 9418.942 3  620.563 0.000
Time 7892.753 7892.751 1 1101.214 0.000 Time 9259.172 9259.168 1 1736.980 0.000
Treatment X time 6533.681 2177.886 3  303.860 0.000 Treatment X time 9374.870 3124.841 3  586.211 0.000
Error between groups 40.050 5011 8 Error between groups 121.434 15.180 8
Error within group 57.344 7.166 8 Error within group 42.651 5.333 8

T3 AN Ak 32 S5 200 M T — ORI IV s G P 4 A L

Table 3. Paired comparison of glioma cell proliferation among different groups at the same time point

Paired 2d 3d 4d 5d 6d 7d
comparison ; yalye P yalue t value P value tvalue P value tvalue P value tvalue P value t value P value
us7
(1):(2) 1.262  0.275 7.267  0.002 6.311 0.003 2.701 0.054 5.341  0.006 3.404  0.027
(1):(3) 3.323  0.029 7.751  0.001 20.179 0.000 24.081 0.000 15.255  0.000 42.177  0.000
(1):(4) 4.740  0.009 24.361 0.000 24.355 0.000 32914 0.000 127.512  0.000 35.785  0.000
(2):(3) 1.468 0.217 5916  0.004 10.952 0.000 12.712  0.000 9.692  0.001 14.593  0.000
(2):(4) 3.070  0.037 19.004  0.000 16.430 0.000 19.942  0.000 26.455  0.000 20.360  0.000
(3):(4) 1.836  0.140 3.863  0.018 6.714 0.003 8.939  0.001 6.585  0.003 10.972  0.000
U251
(1):(2) 12.551  0.000 1.572  0.192 7.147 0.002 9.535  0.001 1.722  0.160 1.953  0.123
(1):(3) 10.127  0.001 22.338  0.000 11.290 0.000 52.870  0.000 36.340  0.000 17.356  0.000
(1):(4) 8.040  0.001 12.252  0.000 57.701 0.000 22.004  0.000 57.941  0.000 72.806  0.000
(2):(3) 4.904  0.008 13.136  0.000 8.243 0.001 38.816  0.000 17.373  0.000 15.268  0.000
(2):(4) 6.043  0.004 10.060  0.001 31.777 0.000 19.552  0.000 21.754  0.000 44.255  0.000
(3):(4) 3.744  0.020 2.042  0.111 5.791 0.004 4910  0.008 13.142  0.000 6.802  0.002

K -4 - T JHe CMITIC) B 20 R 3 P A %, i 5 L mT LAY (MGMT) & P AT DA H8 35 0 3 5 e file 7 A= i 245 1%
R0 AR S 5T R 24N i g B O Mk N fR 2R RE ) U IR S s s i 1 e AR 9 A8k, DR, AR AR 3 4R — i g
Ko FLEAN 06- 1 H B RIS -DNA W SR BE [iE 06 R 4p o aod 0L - IR 57 e ) 245 40 LA 5 S JHe T 280
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Figure 1 Inverted phase-contrast microscopy showed that U87 and U251 cells in control group were fused obviously in the
scratch, and a lot of cells migrated to the scratch, while less cells in Racl inhibitor group and TMZ group migrated to the
scratch. Migration of U87 and U251 cells in Racl inhibitor + TMZ group decreased significantly, and only a few cells migrated

to scratch. low power magnified

R4 AHBTOREAMNMERL R (3 £,

20 I B AR A AL )

Table 4. Comparison of glioma cell migration in each
group (v s, cells/LPF)

Group N U87 U251
Control (1) 3 78.00+11.53  75.00+4.00
Racl inhibitor (2) 3 39.00+ 9.53  37.00+5.56
TMZ (3) 3 42.00+ 8.54  36.00+9.00
Racl inhibitor+ TMZ (4) 3  18.67+10.54  14.33+5.00
F value 19.362 39.424
P value 0.001 0.000

TMZ , temozolomide , 55 5L Wk fii

T™MZ Racl inhibitor + TMZ

RSN IE) Ak 2 TR A0 A% B D B T T B
Table 5. Paired comparison of cell migration among
different groups

Paired Us7 U251

comparison  ;yalue P value tvalue P value
1):(2) 39.000 0.001 38.000  0.000
1):(3) 36.000 0.001 39.000  0.000
(1):(4) 59.332 0.000 60.673 0.000
2):(3) -3.001 0.684 1.001 0.851
2):(4) 20.334 0.021 22.671 0.002
(3):(4) 23.332 0.011 21672 0.003
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Figure 2 Inverted phase - contrast microscopy showed that a lot of U87 and U251 cells in control group invaded to the
surface below the membrane, while less cells in Racl inhibitor group and TMZ group invaded to the surface below the
membrane. The invasiveness of cells in Racl inhibitor + TMZ group decreased significantly, and only a few invaded to the
surface below the membrane. Hematoxylin staining low power magnified

R6 AU TUR MR ZREE T I LB (3 5,

240 A A5 LT )

Table 6. Comparison of glioma cell invasiveness in each
group (x s, cells/LPF)

Group N us7 U251
Control (1) 3 64.33+4.04 77.33+3.06
Racl inhibitor (2) 3 30.33+3.51 40.67 +4.04
TMZ (3) 3 24.00+2.64 37.33+4.51
Racl inhibitor+ TMZ (4) 3 11.00 +2.00 15.33+2.52
F value 131.803 129.926
P value 0.000 0.000

TMZ , temozolomide , 55 5 5 Jf#

RTASIEI AL 2 IR J5 R 200 M R 4 RE 3 1A T L AR
Table 7. Paired comparison of cell invasiveness among
different groups

Paired U87 U251
comparison 4 yalye P yalue tvalue P value
1):(2) 34.000 0.000 36.672 0.000
1):(3) 40.332 0.000 40.000 0.000
(1): (4) 53.331 0.000 62.001 0.000
©2):03) 6.330 0.039 3.332 0.292
2):(4) 19.332 0.000 25.333 0.000
3):(4) 13.000 0.001 22.000 0.000
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