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Abstract Stereology is an interdisciplinary method for 3D morphological study developed from mathematics and
morphology. And it is widely used in medical image analysis and cell-biology studies. The laser scanning confocal
microscopic images (LSCMI) of tumor cells are quantitatively analyzed by using stereological point counting method.
Three groups of cells, B16F10, B16/Vector and B16/GPR4 cells suspended in culture media. are studied and 20
image sets of each are taken and used in the experiments. The results show that the control group B16/Vector has no
significant differences as compared with the parental BI6F10 cells, while the experimental group B16/GPR4 shows
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significant differences in the stereological parameters of the cellular surface area to volume ratio (Ry.) and the
relative cellular form factor (f) (p<<0.05 for Ry, and p<C0.02 for f, respectively), suggesting that B16/GPR4
cells have less surface protrusions and reduced irregularity. This is in line with the previous observations that GPR4

inhibits migration and invasion of tumor cell in the transwell assay. The combination of stereology and laser scanning

confocal microscopic imaging techniques provides a quick and useful method in cell biology, and especially in cell

morphology studies.
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Fig. 2 LSCM images of cells. (a) B16/Vector cells; (b) B16/GPR4 cells
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Fig. 3 LSCM images of B16/vector cells.
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Fig. 4 Schematic diagram of stereology point counting.

(a) Uniform random sampling; (b) point counting; (¢) schematic

diagram of valid grid points, the 2 points in the upper row are invalid while the 2 points in the lower row are valid
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Fig. 5 Stereological grids and valid counting grid points on one slice of a cell image. (a) One slice of the cell image covered by
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(¢) the contour of the cell defined by valid grid points on cell’s edge
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Table 1 Calculated ¢ values of different stereological grids for cells containing cyto plasm and cell nuclei

Interval of adjacent grids /pixel

Cell

30 25 20 15 10
B16F10 /% 0.695 0.522 0.378 0.222 0.209
B16/GPR4 /% 0.534 0. 447 0.365 0.298 0. 260
B16/Vector /% 0.653 0.598 0.516 0. 328 0.204

® 2 M AIMAZ G e (IR AE R
Table 2 Calculated ¢ values of different stereological grids for cell nuclei
Cell Interval of adjacent grids /pixel

30 25 20 15 10
B16F10 /% 1. 338 1.042 0.752 0. 558 0. 344
B16/GPR4 /% 1.019 0.786 0.542 0.392 0.246
B16/Vector /% 1. 070 0. 982 0.753 0.574 0. 316
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Table 3 Measured values of 3D cell stereological parameters and statistical analysis

V./pm® V,/pm® R.. f
B16F10 35561152 995+236 0.52040. 080 1.08440. 055
B16/Vector 37864940 11024307 0.513+0.061 1.10940. 007
B16/ GPR4 38744608 1056 +239 0.474+0.042 1.00040. 011
p value (B16F10 versus B16/Vector) >0.1 >0.1 >0.05 >0.05
p value (B16/Vector versus B16/GPR4 ) >0.1 >0.1 <0.05 <C0.02
p value (B16F10 versus B16/GPR4) >0.1 >0.1 <0.05 <0.02

p: probability to reject the assumption that two independent samples are significantly different
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Table 4 Measured values of cell parameters through 3D reconstruction and statistical analysis

V./pm’ V./pm? R
B16F10 2819+710 858+229 0.517+0.078
B16/Vector 29144889 8874262 0.5172+0. 066
B16/GPR4 3107£758 9794221 0.47020. 048
p value (B16F10 versus B16/Vector ) >0.1 >0.1 >0. 05
p value (B16/Vector versus B16/GPR4) >0.1 >0.1 <0. 05
p value (B16F10 versus B16/GPR4) >0.1 >0.1 <0. 05

p: probability to reject the assumption that two independent samples are significantly different

Y TR AR JL A BB TR AR B 43 A 09 AS ) 3 4 D
2% YT BUE I S8, i A i F BR B (VO (P
RV & lw ES %, T H A S5 1Y = F
20 A S5 T T [0 400 S 4 0 4 ot A R R A4 e A%
o o R AU X R B B (p=>0. 1), X BE 40 =
A 5 5 S ROEE L R A2 T 1 20 e B 4 i A AR

TR BRI 22 5% CRF 2000) 0 5 F )5 40
S B — B R AE B =250 i R B2 WA
B X 3] (p=>0. 1),

2 M bb 2R TE (RO B B 200 Jf B 2% 1 i) O i R
L% 3 B FE W] B16F10 F1 B16/Vector 2% B AW
B (p=>0.05), i BI6/GPR4 i R.. & Z /T

0917001-6



EIQ

A WML S ROGIE R AR R B R o A R O SR A 4B SR S RO AR A

B16F10 #1 B16/Vector By R..(p<C0.05), #* 4
AR, = 4 B 45 20 0 L 3R T R 2 BO8UH R FAR A 2
R EE#E ONT 7%, H AR 4E— 3. LI Bl6/
GPRA g br 9 A X R B F AT DA B = 25 40
)7 % bk 22 5. S5 50 B 46 & B, B16F10 1 B16/
Vector il ffl ) 3X > 2 40 # K T B16/GPR4 4 g 19
Rl—Z48 (=1 .45 B16/GPR4 ML I H B B 2 7
(p=<<0.02) , KB =4EIBEE AN,

4 i e

GPR4 J& G MR Z K (GPCRO I —F. G
TR A2 P — R IR 10 2R R S 2 A0
M5 S SN . B LS EE s i LR
SMST T35 /NGY T 5 4 2 AR B R A R G
IR XN S RE M T R A EENEH . A
REERBERM LK EFEEES GPCR e EGLA
Ko WFFEIUEM . G B R 52 0 1 5 0 2835 R R IR
SEAEITR R 28 R R S A T B S
SESHON W R A0 o 4 B bk T R M A
.= RAN S F R R EE. &F
BRI A b 3R 1T A A X 3R T IR PR

AURBEA W 5% & 8L, B16/GPR4 19 4 il B & 38
eI i T ED S N0 R S A S T o Bt Y
A TR DR 400 i b 2 T 56 1R A 24 2 50038 1 3 /N
T3 1 3k PR 2 A 2R A4 W Al i B16/ Veector F1 b
Y fe BL6F10 (% #H N 2 % 1 ¥ B16/Vector 5
BI6F10 tiL  ES¥SHA LA B E 2R . HE
3R LD S P HR G 24T (0 10 3 R 4 (03 1 Y 1
0,55 5 240 i P 400 I A5 G I (0 5 B T
& — B0 A s AT ST A A T W A 2 ), Ry
Sk [ — 240 0 P9 9 40 5 %) T e AR v 2 AR HE B £
SRR BRI ()R R . AR R A5 R R ) fig A OC — 3R
PR, AT DAMEN GPRA K& PR 6T 41 i A PR3 B0 52 . i)
FE A 1) fiob 38 20 A A% AR 28 M e B MR T . X A
M Transwell /N2 4 {42 28 S 3T B8 52 50 25 SR AH W)
AN[8]

T 2 X AR 2 T vk T A A0 R SRR R S 8 (R
M A SRR S HGGR O B T WL
PR 2% 32 0 75 19 2 2805 i 0 SR R = 4 J I 5
1380 A6 R A T A RRAE b A AR i — 3ok
PRI 27 J7 5 W] LA S80IR A5 40 IR 25 R AE S 80

AR 2 0 i 0 A A0 B = 4k T ) IR 4 B T
DA S B BN L = e S5 A S8R PR . AT T4
A 0 35 DR B B £ 3R AN o R O 5 1 T

ANV B A A 2 T i 00 20 D 3 5 A I el b
JZEGOF A LG o B B2 LR 25 454

5 4k e

PR 25 NG 148 A 20 R 1% A
FHLLE A AR T B Y S IR
S (2 0, RN 14 T AT LE
/NS 2. DRI AT LS B A M 2 2 5
B AR B, T L L TS 45 T M A0 2% 2 K08
AL B SR R LT AT L5 40 I 0 A E B 8
DRI % 98 20 0 1A 025 37 T L4 S Jo 30 40
43 T A B L L S R 1 1 T AR A B L
IO 148 4 T AR B AR (1 2 0 41 4
B KTk AN 2 R L AT 25 2 A
A S5 1 T 452 85— A I O i

5 £ X
1 Shen Hong, Shen Zhongying. Practical Technique of Biomedical
Stereology [ M]. Guang Zhou: Sun Yat-sen University Press.
1991. 1~3
HEOdb, SRARTE. SERAEM R AAERIMD. Nl KA
fi At ,1991. 1~3

2 H. J. G. Gundersen, P. Bagger, T. F. Bendtsen et al.. The
new stereological tools: disector, fractionator, nucleator and
point sampled intercepts and their use in pathological research and
diagnosis[J]. APMIS, 1988, 96(7-12); 857~881

3 S. Kabay, H. Ozden, M. Yucel ez al.. Estimation of the tumor
volume and volume ratio on computed tomography in patients
with renal cell carcinoma: a stereology study [J]. J. Health
Science , 2007, 53(6) . 664~670

4 O. Yoruk, S. Dane, H. Ucuncu et al.. Stereological evaluation
of laryngeal cancers using computed tomography via the cavalier
method: correlation between tumor volume and number of neck
lymph node metastases [ J]. J. Craniofacial Surgery, 2009,
20(5): 1504~1507

5 G. Ak, M. Metintas, S. Metintas et al.. Three-dimensional
evaluation of chemotherapy response in malignant pleural
mesotheliomal J]. Eur. J. Radiology, 2010, 74(1); 130~135

6 C. Hercher, M. Parent, C. Flores et al.. Alcohol dependence-
related increase of glial cell density in the anterior cingulate cortex
of suicide completers[J]. J. Psychiatry & Neuroscience, 2009,
34(4) . 281~288

7 L. Kubinova, J. Janacek, P. Karen et al.. Confocal stereology
and image analysis: methods for estimating geometrical
characteristics of cells and tissues from three-dimensional confocal
images[J]. Physiol. Res. , 2004, 53(S1): S47~S55

8 R. D. Castellone, N. R. Leffler, L. Dong et al.. Inhibition of
tumor cell migration and metastasis by the proton-sensing GPR4
receptor J]. Cancer Letters, 2011, 312(2); 197~208

9 A. E. Ekpenyong, Junhua Ding, Li V. Yanget al.. Study of 3D
cell morphology and effect on light scattering distribution [ C].
SPIE ., , 2009, 7367 7367_1]

10 Zhen Fusheng. Cell Stereological Morphometry [ M]. Beijing:
United Press of Peking Medical University and Peking Union
Medical College, 1991. 20~80
How . MR A SR EEIM] deat et B RV E R E
FNERL A WAL 1991, 20~80

0917001-7



g3

i

11 Yang Jianru, Chen Yue, Guan Zengwei et al.. The study on the
form factor of the breast cancer cell morphological quantitative
analysis [J]. Chinese J. Medical Imaging Technology. 2000,
16(2): 130~131
g, PR BK, R SE. 0 FLIRE R A 8 BB B AR
WFZHEHLI] FBE$H B K, 2000, 16(2):
130~131

12 M. Mazonakis, K. Pagonidis, T. Schlosser et al.. Stereological
estimation of left-ventricular volumetric and functional parameters

from multidetector-row computed tomography datal J]. Eur. J.

Radiology, 2008, 18(7) . 1338~1349

13 E. A. Ariazi, E. Brailoiu, S. Yerrum et al.. The G protein-
coupled receptor GPR30 inhibits proliferation of estrogen
receptor-positive breast cancer cells[J]. Cancer Research, 2010,
70(3): 184~189

14 L. S. Singh. M. Berk, R. Oates e al.. Ovarian cancer G
protein-coupled receptor 1, a new metastasis suppressor gene in
prostate cancer[]J|. J. National Cancer Institute, 2007, 99(17) ;
1313~1327

EE#E: # %

0917001-8



