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(Abstract] Objective To establish a 3D cell tumorsphere model incorporating colorectal cancer cells (HCT-116) and
endothelial cells (HUVEC), and validate the effects of Tianma Granules on the growth and angiogenesis of the 3D cell tumorspheres
within this model. Methods HCT-116 and HUVEC were mixed in varying ratios and cultured in ultra-low attachment 96-well
plates. The optimal culture ratio was determined by measuring the volume, cell count, and ATP content of the 3D cell
tumorspheres. HCT-116 and HUVEC were mixed at a 2:1 ratio and divided into five groups: blank control group (15% blank
serum), doxorubicin hydrochloride (15% blank serum + 100 ng/mL doxorubicin), and low-, medium—, and high—dose Tianma
Granules—containing serum (TGCS) groups (5%, 10%, and 15% drug—containing serum respectively, supplemented with blank serum
to a total of 15%). The volume, cell count, and ATP content of the 3D cell tumorspheres were then measured. Additionally, 2D
cells and 3D cell tumorspheres were divided into six groups: 2D control (15% blank serum), 3D control (15% blank serum),
doxorubicin group (15% blank serum + 100 ng/mL doxorubicin hydrochloride), and low—, medium—, and high—dose TGCS groups
(5%, 10%, and 15% drug—containing serum respectively, supplemented with blank serum to a total of 15%). RNA sequencing
analysis was performed, and RT-qPCR was used to measure the mRNA expressions of pyruvate kinase M1 (PKM1), pyruvate kinase
M2 (PKM2), and glucose transporter 1 (Glutl). Western blot was conducted to check the protein expressions of CD31, P21 and P53.
TSA multiple immunofluorescence was employed to examine the expressions of CD31 and proliferating cellnuclear antigen (PCNA).
Results On the 9th day of culture, when the cell ratio was 2:1, the 3D cell tumorspheres exhibited the maximum volume, the
highest cell count, and the highest ATP content (P<0.05, P<0.01). Compared with the blank control group, the 3D cell tumorspheres
in all drug—administered groups showed reductions in the volume, cell count, and ATP content (P<0.05). Compared with the
doxorubicin hydrochloride group, the low—dose TGCS group showed increases in the volume, cell count, and ATP content of 3D cell
tumorspheres (P<0.05, P<0.01); the medium—dose TGCS group showed reductions in the volume of 3D cell tumorspheres (P<0.01); the
high—dose TGCS group exhibited reductions in the volume, cell count, and ATP content of the 3D cell tumorspheres (P<0.01).
Compared with the low—dose TGCS group, the medium— and high-dose TGCS groups exhibited reductions in the volume, cell count,
and ATP content of the 3D cell tumorspheres (P<0.05, P<0.01). Compared with the medium-dose TGCS group, the high—-dose TGCS
group exhibited reductions in the volume, cell count, and ATP content of the 3D cell tumorspheres (P<0.05, P<0.01). Compared with
the 2D group, the glycolytic pathway was upregulated in the 3D group; conversely, compared with the 3D group, the glycolytic
pathway was downregulated in the high—dose TGCS group. Compared with the 2D group, the mRNA expression levels of PKMI,
PKM2 and Glutl, as well as the protein expression level of CD31, increased in the 3D group (P<0.01), while the protein expression
levels of P53 and P21 decreased (P<0.05, P<0.01). Compared with the 3D group, the mRNA expression levels of PKM1 and Glutl
reduced in all drug—administered groups (P<0.05, P<0.01), while the protein expression levels of P53 and P21 increased (P<0.05, P<
0.01). The mRNA expression level of PKM2 and the protein expression level of CD31 decreased in the doxorubicin hydrochloride
group, as well as the medium— and high-dose TGCS groups (P<0.05, P<0.01). Compared with the doxorubicin hydrochloride group, the
low—dose TGCS group exhibited elevated mRNA expression levels of PKM1 and PKM2 (P<005, P<0.01) and reduced protein
expression level of P21 (P<0.05). The medium-dose TGCS group showed decreased mRNA expression level of PKM2 and protein
expression levels of P21 and CD31 (P<0.05, P<0.01). The high-dose TGCS group demonstrated reduced mRNA expression levels of
PKM1, PKM2 and Glutl, as well as protein expression levels of P53, P21 and CD31 (P<0.05, P<0.01). Compared with the low-dose
TGCS group, the medium—dose group exhibited decreased mRNA expression levels of PKM1 and PKM2, as well as protein
expression level of CD31 (P<0.05, P<0.01); while the high—-dose group showed reduced mRNA expression levels of PKM1, PKM2 and
Glutl, as well as protein expression levels of P53, P21 and CD31 (P<0.05, P<0.01). Compared with the medium-dose TGCS group,
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the high—dose group exhibited reduced mRNA expression level of Glutl and protein expression levels of P53 and P21 (P<0.05, P<

0.01). Compared with the blank control group, both the doxorubicin hydrochloride group and the high—dose TGCS group showed a
decrease in the number of PCNA— and CD31-positive cells (P<0.05, P<0.01). Compared with the doxorubicin hydrochloride group, the
high-dose TGCS group demonstrated a reduction in the number of CD31-positive cells (P<0.01). Conclusion A relatively stable 3D

cell tumorsphere model can be established when the ratio of colorectal cancer cells to endothelial cells is 2:1. TGCS can inhibit

tumorsphere growth and angiogenesis.

(Keywords] colorectal cancer; Tianma Granules; 3D tumorsphere; glycolysis; angiogenesis
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PVDF J (7] B v 2% PR A 7], k5 . RSAASOOOF) 5
CD31 A& 1958 40 i 4% BT (proliferating cell nu-
clear antigen, PCNA) T (B =AY AR
A 5. 11265-1-AP 10205-2-AP) ; DAPI ( |- %1 %
IR B A BRAS W], 5% 45 40727ES10) s PS347L
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Table 1 Primer sequences

A 1¥F51(5-3) K bp
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Glutl 1E T : GATCTGAGCTACGGGGTCTT 122

J 1] : CGATCACCCCGAAGTTCAGTAG
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K2 &4,
3.3 ROERINE 3D 40AaphIE Pk AE B RS 2R

sk 2 P45 R R, 5 2D 4L, 3DAH
WHEE R LR 5 5 3D 4 Fed, K R 24 1M v
e ) S A BE TR AR B T M, TEDLIE 3,

RT—qPCR Z5- 360, 5 2D 44 kb, 3D 41 b e
fE A 2L PKM1 PKM2 #1 Glut]l mRNA ik /K
¥ITHE (P<0.01), 5 3D 4L, EhFRBT A R 4 KR
I JHURL 25 24 A I L b L R & 2H PKMI A Glutl
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Fig.1 Representative images of 3D cell tumorspheres with different cell ratios (x200)

F2 AEHAALLFIR 3D 4Pk R LL &
(x%s ,n=5, mm?)
Table 2 Comparison of volume of 3D cell tumorspheres

with different cell ratios (x+s, n=5, mm’)

21 5 3d 54d 7d 9d

4:1 41 0.023£0.002%  0.027+0.003%  0.043+0.004*  0.069+0.004%*
2:1 2 0.022+0.000%  0.025+0.000%  0.051+0.001*  0.091:+0.000

1:1 4 0.028+0.000%  0.033£0.001*  0.036+0.000%*  0.051+0.000%*
1:2 41 0.003+0.001*** 0.008+0.002+** 0.045£0.003  0.042+0.003%*
1:4 41 0.003£0.001%%% 0.005£0.001**% 0.009+0.002%** 0.051+0.000%*

TE 52 1A, *P<0.05,*%P<0.01;5 9 d HA, *P<0.05,%P<0.01,

®3 AEMMLLGIE 3D AEAMEIR A EM ATP
SELbE (v£s,n=5)
Table 3 Comparison of cell number and ATP content in

3D cell tumorspheres with different cell ratios (xxs, n=5)

ZH 51 1LY 06 v ATP &8/ (pumol/L)
4141 21 675.0¢1 312.4% 2.721£0.190*

2:1 4] 30 950.0+714.1 3.616+0.125

1:1 41 16 825.0+1 260.6%* 2.31520.139**
124 15 000.0+1 407.1%* 2.41720.316+*
1:4 21 17 425.0+1 997.3%* 2.118+0.087%

5 201 M, #P<0.05, ##P<0.01

mRNA £k 7K AR (P<0.05, P<0.01) ; £ 2 bl 75
R SR B0 E 25003 S F 2 PKM2 mR-
NA ZE B (P<0.01) . SRR Z 4148 1
KT Ok 24 175 IR 41 PKM AT PKM2 mRNA
FIRACEH TR (P<0.05, P<0.01) 5 K S Jok: & 24 1.
5 2H PKM2 mRNA 3k 7K AL (P<0.01)
K IR0 F 24 I3 = A E 4 PKM1 PKM2 F1 Glutl
mRNA FiA7K IR (P<0.05,P<0.01), 5K 15
7S 25 IR R 2R B, R AR A 24l 3 PR
20 PKM1 1 PKM2 mRNA FEACEAFER (P0.01)
K I R 2 2 137 = ) 4l PKM1 PKM2 £l Glutl
mRNA FEik KRR (P<0.01) . 5K ik &2
I8 H R 2 AH B, R R 24 1L 3 v 77 2 A
Glutl mRNA EIEACFREK(P<0.05), T 5,
3.4 ROEALEE 3D BEphEEEK P53.P21,CD31
EAMRIE

5 2D 440, 3D 41 P53 P21 K A K
[ (P<0.05,P<0.01) ,CD31 & 225K E 4 T
(P<0.01), 5 3D AL, FhR a2 41 S K 5 ik



2026 H5 46 3 e T B2 2 R e i http://hnzyydxxb.hnuem.edu.cn 505

ool =
B2 &4 3D Pk FRE (x200)

Fig.2 Representative images of 3D cell tumorspheres in groups (x200)
TF : A28 X HRZH 5 B R R 85 3R 4 5 C. R EL AU 3% 24 1L AR 0] 2 5 DK ELASURL & 24 1ML rh 7) 4t
2 B IR B AL 2 24 0L T v ) He

Fz4 KA ARPEBRETR  AAEEE ATP S E2LE (345 ,n=5)

Table 4 Comparison of 3D cell tumorspheres volume, cell number and ATP content in groups (x+s, n=5)

215 PRB /mm? Y AR A ATP 5/ (pumol/L)
75 X IR ZH 0.088+0.003 32 050.0+1 686.2 3.875+0.152
NS S 0.009+0.002%* 24 7 125.0+853.9%%* 0.921+0.051%*
K Tl A B 24 10 5 (R R AL 0.02120.003%# 11 500.0£1 291.0%* 1.23620.129%**
R ELFIURL B 24 1037 Hh 7R 21 0.002+0.001 ##00 7 750.0£645.5%%C 0.853+0.132%%0
R TR 2 LT v ) 2 0.00020.000###OOAA 5 050.0£420.3###00A 0.441+0.134%##0000

25 I BRA AR L, #%P<0.01 ; 5 Eh BRI 25 2 41 AH 1L, *P<0.05, #P<0.01 ; 5 R Eh J0k: & 24 5 R FH 40 AH L, ©°P<0.05, ©P<0.01 ; 5 K By i

B 251005 PR LA EE , 2P<0.05, 44P<0.01,

Cluster analysis of differentially expressed genes
- —__

2D VS 3D# KI5 2 ML 557 R4 VS 3DA
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Fig.3 Transcriptome sequencing results for each group
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RS HFLH PKMI PKM2.Glutl mRNA FRIEKFELLE (x+s,n=5)

Table 5 Comparison of mRNA expression levels of PKM1, PKM2 and Glutl among groups (x+s, n=5)

2157 PKM1 PKM2 Glutl
2D 4 1.000£0.000 1.000+£0.000 1.000+0.000
3D 4 19.945+2.580%%* 37.544+12.684%* 19.793+3.862%*
EAN AT | 12.048+3.450%** 21.127+11.139%## 10.911+3.910%##
N TG a1 MR (31 e i) 14.167£1.623%% 37.142+9.526%5 11.161:£3.905%#
TR I A 2 24 13 P 10.326+1.820%*#00 7.800+3.566%#5500 9.324+0.700%+*
R LU 24 1037 e 57 9.590:+1.900%#008 8.630+3.81 9008 7.305+2.169 #0084

.5 2D ZHAHIL , *++P<0.01; 55 3D 4AH L, *P<0.05,#P<0.01; SRR TR R4 AH L, "P<0.05,%P<0.01 ; 5K THIGURL & 245 i IR AR L

°°P<0.01; 5K Dok & 25 M i H Rl 4l EE , 4P<0.05

BTG P SR AL PS3 P21 K Rk K F
PIFHEL (P<0.05, P<0.01) 5 £ i ) 85 25 41 K K 5 kir
GGG A4 CD31 2E H A K PR AR
(P<0.05,P<0.01), 53LERBTEE 2R AR L, K foikL
S MIE R P53 B H IR KEFEIK (P<0.05) 5
K EFORL & 245 TR b Cm R A P21 B R R
IR (P<0.05,P<0.01) 3 K By ik & 25 1ML i |
L] CD31 B FAKEHIREL(P<0.05) . 5K
L R 24 1L IR S A B, R R B 24 1L T
ERFIHERA P53 P21 B H FA K AR (P<0.05 ) 5 K
IhRGURL 7 25 13 L R 41 CD31 R H R kK E
KIREAIK (P<0.05) , 5 K Th 50k 15 245 1 375 Hh 751 e 2 AH
bl , K B 0k 2 25 10TE e ) R 2H P53 PR R 3A
IKFEIREAR(P<0.05) , TRULK 4 % 6,
3.5 RISEAHIEI 3D 4HRaAHEBK PCNA #1 CD31
25 T R | b R ] i 25 2 B R EL R 5 24 1
T = 74 CD31 A1 PCNA 75 fith 983 5K J&) il & w8 3%
IR, HUC DXCIFRIA A s SRR 75 3R K EL kL 75 24
I3 55 75 22 T g 2K 40 B b PCNA Fi CD31 (1Y)
ik, MR R, 525 O IR A,
o i ) 5 2% AR R 1 R 2 24 1L 5 79 41 PCNA

1 CD31 BHYE 40 &l & 498 /0 (P<0.05, P<0.01) ; 5
LR BT R R AL LA, K Uk S 24 1007 = ) =
CD31 PHPEZM AR/ (P<0.01) . TEWLIE 5—6,

CD31"“'-““ e ‘ISOkDa

GAPDHi i 36 kDa
P53 ‘— . . _‘ 53 kDa
GAPDH ! - ! 36 kDa
P21 | - |21kDa
GAPDHll ‘36 kDa

A B C D E F
B4 %4 P53.P21.CD31 BAKHE
Fig.4 Protein band diagrams of P53, P21 and CD31 in
each group
11::A.2D 4 ;B.3D 4 ; C.ERRR I 5 R A ; DK 0k 5 24 L1557 i
2] 3 K I RBUR 5 24 135 R B 2 5 F LR S Bk 7 24 1L ) A

4 +tig

AHGER I 1.2% (wiv) B 5 H FE NG IR E T
PRI A2 , 3R HCT-116 5 HUVEC 7E 3D
MR AR IR LB, BRAEWESE BRI i
e 210 A5 35k o A4 I PN B2 400 S 5% 5 1) S B A9
&5 IR A PANC-1 5 2T 4E 40 MR C-5 .

F 6 KLHEP53.P21.CD31 EHKRIEKFELLE (v+s5,n=5)
Table 6 Comparison of protein expression levels of P53, P21 and CD31 among groups (x+s, n=5)

415 P53 P21 CD31

2D 41 1.000+£0.000 1.000+£0.000 1.000+£0.000

3D 0.59120.125%* 0.685+0.088* 3.505£1.051%*
PR R A 1.455+0.259* 2.654+0.634%* 2.743+0.901

TR L AU 245 L5 A 79
R DAL 24 ML P 7R ek
R L RURL % 24 L4 55 79 ek 4

1.384+0.182%
1.332+0.348"
0.796+0.166"%°

1.426+0.183%4
1.350+0.121%4
0.894+0.315%44°

2.892+1.144%*
1.569+0.430%4
1.348+0.453%4

.5 2D ZHAA L, #P<0.05, #%P<0.01; 5 3D HAA L, *P<0.05,#P<0.01, SR 25 KA, 2P<0.05, 22 P<0.01 ; 15 K Th Wik & 24 L5 I%

FIHEALHIEE, $P<0.05 ; 5 K Wik & 24 i FP A 41 A He L ©P<0.05
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ZEMEA

AR A

TR AL 2 L v 5P R 4R

5 #&%H PCNA.CD31 BIRI%E (x200)
Fig.5 Expression of PCNA and CD31 in each group (x200)
T 445 PCNA ; 2144,.CD31 ; % {4, DAPI,

Il PCNA
400+ =1 CD31

FRIELRRERE /1

#
gy

Bl 6 &4 PCNA.CD31 PRIELEAEE LI
Fig.6 Comparison of the number of PCNA- and CD31-
positive cells among groups
T 55 AR IRALA LE, ¥P<0.05 , #+P<0.01 5 5 4R IRBT 25 FARLLLL
#P<0.01,

HUVEC LA 1:9:4 B335 37 B i Jgg BRAR FR AR KLY, i
HCT-116 5EEF4E40E HLF L) 1:4 gl 32 ag
BRECR AR, BE T, AR E T HCT-116 5
HUVEC f93E35 3% F 1] 43 51 R 4:1 201 1:1 1:2 Al
1:4, G55 GRS He R 2: L g BRAR R R K 40
Mg i 2 ATP & & . (HA R MR 40 e 5
HUVEC 1 3D 5% 3% e fE Hu ) oA 40 g ek, 75
MR ELAAR S IO X G0

FEL RO 7 T, AAWFR SR BN, $hiR 5 2
JR R B 24 0 I e R Y e 3
3D 4t e Bk A e DR E 0k s ) 2 OR
ek, REFRC 255807, B 2l 2,
LR PR WIAE AR a1 A A BTS00 3 o 1) 246 245 i 2
BB A b A B, R S ks Hh S A SR R M
R ARBER RILKREZSHAROLH™M, ik FR
A 0 AR T A L 200 R 0 % P B AR Kbt
MAEFTAAERNT R B R RILRRFIIEAK
ITEHE L3R A ] RS R R 4E Glutl |

PKM2 P53 P21 .CD31 25 LML 5 T FUbEmE i 20
LI K M AR A A 2 AR R P B Rl . AR ST
RS URLALG | v e 780 e 5 A D A 1 52 e A
JARTR], AT BE-55 AN [R] 4338 B0 25 4 v B vy sk
255547 5% 310 PGP VAR 24 W R T ) —SEE
S = I S S E

AR5 G A e A K ) R B 2 3D 4
L 96 33K PN 3 5 T B AR R | 75 S R I A A
YRR SE 3D 4 fE bR BR A R0 A 9 T e B
HINF L 2D 40005 3D 4R Ah R Bk 22 5 L
3D 4 eI O I i e e L R B T A A DG R TR
PKM1 ,PKM2 F1 Glutl ZKIEHG M, MRS Al 55 g
BR R AR R DIAR DGR 1 R S 0k 15 24 I T A
RN IR BEREA AT DCIE N B ek . BEAEIFSE IR
B, 2L 0 i Rg 3R v miRNA (U0 miR-3143) 1] 1 4%
VARG BT S A AR DG IE 2 R, 3D 41 i i
BRAE 2D 240 B REASALL A PN e 1) fote AR T A B8 B AR
WPRRIE | 2R 5 J0AE ] R I 0 A P A R HE L e
YEH,

P53/P21 il 2 28 ML 000 95 38 2 A0 240 L ) A0
5 S DNA 45493 Sz Hh e A SV E FHI= 24, ABiFE &
P, 5 2D 40 0AH e, 3D 4i B fRi BR e P53 P21 2
RERIE  $75 3D TR (0 4 6 1] 422 fik | 68 Jo %)
AT AR B R P e 1 e A FEDR S ) DT R 9 P53
P21 (IE . B udeas R i n , 3D 4 g i Bk v
HTE bR Y PCNA 5 K3k i — 20 A Tk H 5 8 58 1%
Pk 3% 5 BADEA %P7 MDA-MB-231 e 3k i
WEE 30, 28K E0RE 5 24 1ML 37 ml ER R B g 22 A 34!
J5 , P53 P21 ik b, PCNA FikZ 3 4m , Hr
ERIR AR Z X P53 P21 9 LE/E R 3, K
ORI DI Al R e AR . IEAh, 5 2D 4R A L,
3D 4 e Bk b i AT AR PR AR CD31 3Kk B,
JEH DI BRI G35 T R 3 X S ERIR P &R 7
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