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Step 1: Forming the cell droplets
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Fig. 1 The illustration ( a ) and operation process ( b ) of the co—culture droplet microfluidic chip
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Fig. 2 Cell culture in co—culture droplet microfluidic chip

(a) Images of LoVo cells cultured in co-culture droplet microfluidic chip. (b) Live/dead staining of LoVo cells in different wells after 48 h.

(c) Statistical analysis of cell number in different wells. n=3 for each data set. ns: P>0.05 as calculated from Student’s -test.

22 RiEREREAER S

H TP ERH LG AR N RS LI 2
Tl 240 %) s 5 L RO AN 53 B AN [ b 2 240 i 22 1)
FIFHEAERT, FoA 13043 TME it 32 55k 1ol 40 it ok
RS R RS, A5G LoVo 40l . CAF, HUVEC
FH THP-1 550105 1 B M, FF 4 Fp A it o3
SN ZE 4 DA RO, b 2 A0 i 5 o A
Ro W48 hE IS JilE s R wn (K 3a, b),
KEBMMPA FHAERES . ERGRER, §F
48 h, SEEEFRAIM L, JREEFRUIBR CAF 4,

LoVo 4l . HUVEC K¢ [ I 4 i 5 2 14 B3 fab 38 Jon
(El3c). BRGRSER, TEHIEFREMT, WHE
PN 1) & B T O R A TS ARG AR . A WFSR O
TME ' ) CAF A i i 3 7% #% Ak 4 K A7 B
(transforming growth factor-B, TGF-B) F1#%[H ¥ «p
(nuclear factor-xB, NF-«B) i BAE 2 i J& 24 ffd 314
5 s HUVEC fig % i i 70 W & B B K 7
(epidermal growth factor, EGF) 11 £F 4k 41 jig 4=
KK B (fibroblast growth factor-B, FGF-B) fi¢ i
Jih g A RS A s B A A AT 38 2 IR T TGF-B.



WHEW, & ETHEMRENSHRLERRENETR
2026; 53 (1) FEF B a4 A T O R +227-

Wnt, Hippo 5515 5518 1% ok 14 5 Jih oz 20 g 344 5 1) i (vascular CAFs, vCAFs) 55 32 L i 43 Wb A K A
Jy il R, FRATHEN, HIEFRAMMICHOEN PR T DR R R, A BRI e
TRANML T IRZL RO BEAE ) T RER A ARIRNSEAE 195> 2 CAF (dividing CAFs, dCAFs) (5 CAF
MR A B AR . b, Cords 55 17 MUBFSR R W], BRI E/ANWLLG], FEARILEEFRIKRT, CAFAL
CAF A 5k, KM CAF A EIFRUIEI N, FIRgnY b R CAF 258 i 4
CAF (matrix CAFs, mCAFs) . £ ¥ CAF WD REAE g 2 R AR A B BT R A
(inflammatory CAFs, iCAFs) . Il & CAF

(a)

Control Co-culture
0Oh 24 h 48 h
Well 1
LoVo
Well 2
THP-1
| : | o ;
Well 3 :
HUVEC :
Well 4
CAF
(b)
Control/48 h Co-culture/48 h
BF Calcein AM  EthD-1 Merge BF Calcein AM  EthD-1 Merge

--

800

©

600

400

Cell number per well

200

ns

0 o
> J A\ 9 > 9 N o
Q) & Qo & Q & Q &
R N
& oy < e
LoVo THP-1 HUVEC CAF

Fig. 3 Cell co—culture in co—culture droplet microfluidic chip
(a) Image of LoVo cells and different microenvironmental cells co-cultured in co-culture droplet microfluidic chip. (b) Live/dead staining of LoVo
cells and microenvironmental cells in chip after 48 h. (c) Statistical analysis of cell number in different wells after 48 h. n=3 for each data set.

5% P<(0,001, **P<0.01, ns: P>0.05 as calculated from Student’s #-test.
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Fig. 4 Analysis of the diffusion of drug in co—culture droplet microfluidic chip

(a) Work principle of co-culture droplet microfluidic chip. (b) Blue ink was injected from the center of the chip, and the diffusion of ink was observed

at 0 h,1 h and 3 h. (c) Quantitative analysis of (b). (d) Assessment of drug intake status in co-culture droplet microfluidic chip. d1, DOX was injected

from the center of the chip, and the intake of DOX by LoVo cells was observed at 0 h and 12 h. d2, fluorescence intensity quantitative analysis of

DOX. d3, average fluorescence intensity quantitative analysis of DOX. n=3 for each data set. ns: P>0.05 as calculated from Student’s #-test.
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Fig. 5 Parallel analysis of drug action in co—culture droplet microfluidic chip
(a) Images of LoVo cells under different concentrations of oxaliplatin in co-culture droplet microfluidic chip. (b) Live/dead staining of LoVo cells
under different concentrations of oxaliplatin in co-culture droplet microfluidic chip after 48 h. (c) Survival rate of LoVo cells under different

concentrations of oxaliplatin in co-culture droplet microfluidic chip after 48 h. n=3 for each data set. ***P<0.001 as calculated from Student’s r-test.
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Fig. 6 Co—culture of tumor—-microenvironment cells and analysis of oxaliplatin sensitivity
(a) Images, live/dead staining and survival rate of LoVo cells under different concentrations of oxaliplatin in co-culture droplet microfluidic chip.
(b) Images, live/dead staining and survival rate of THP-1 under different concentrations of oxaliplatin in co-culture droplet microfluidic chip.
(c) Images, live/dead staining and survival rate of HUVEC under different concentrations of oxaliplatin in co-culture droplet microfluidic chip.
(d) Images, live/dead staining and survival rate of CAF under different concentrations of oxaliplatin in co-culture droplet microfluidic chip.
(e) Immunofluorescence detection of DNA double-strand breaks related molecular under co-culture condition. n=3 for each data set. ***P<0.001,
*%P<(0.01, ns: P>0.05 as calculated from Student’s f-test.
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Fig. 7 Oxaliplatin sensitivity analysis of LoVo cell co—cultured with different microenvironment cells in co—culture droplet
microfluidic chip

(a) Images and live/dead staining of LoVo cells co-cultured with CAF under effect of oxaliplatin in co-culture droplet microfluidic chip. (b) Images

and live/dead staining of LoVo cells co-cultured with THP-1 under effect of oxaliplatin in co-culture droplet microfluidic chip. (c) Images and live/

dead staining of LoVo cells co-cultured with HUVEC under effect of oxaliplatin in co-culture droplet microfluidic chip. (d) Survival rate of LoVo

cells co-cultured with different microenvironment cells under effect of oxaliplatin in co-culture droplet microfluidic chip after 48 h. n=3 for each data
set. ¥**P<(0.001, ns: P>0.05 as calculated from Student’s #-test.
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Fig. 8 Oxaliplatin sensitivity analysis of HCT 116 cell under co—culture condition in co—culture droplet microfluidic chip
(a) Images and live/dead staining of HCT 116 cells under 80 umol/L oxaliplatin in co-culture droplet microfluidic chip. (b) Images and live/dead
staining of HCT 116, THP-1, HUVEC and CAF under 80 pmol/L oxaliplatin in co-culture droplet microfluidic chip. (¢) Survival rate of HCT 116
under control or co-culture condition. n=3 for each data set. ***P<0.001, as calculated from Student’s -test.
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Establishment of a Multicellular Co—culture System Based on Droplet
Microfluidic Chip for Analysis of Antitumor Drug Sensitivity’
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Abstract Objective This study aimed to construct a cell co-culture microfluidic chip based on droplet
microfluidic to investigate the influence of multicellular interactions in complex microenvironments on the
sensitivity of anti-tumor drugs. Methods We constructed a droplet microfluidic chip consisting of 12 co-culture
units, with each unit containing 4 microwells for holding cell droplets, enabling the co-culture of 4 types of cells.
To evaluate whether the co-culture of multiple cell types can be achieved in the droplet microfluidic chip, as well
as to observe and analyze the interactions between different cell types, we investigated the interaction between
microenvironmental cells and tumor cells through cell co-culture experiments. To construct a stable co-culture
system capable of evaluating drug sensitivity, we conducted diffusion experiments with blue ink and model drugs
to investigate the ability of drugs to diffuse in the chip and be taken up by cells. To investigate the effect of the
complex microenvironment on cellular drug sensitivity, we carried out cell co-culture experiments combined with
drug treatment to explore the changes in the drug sensitivity of tumor cells in the presence of microenvironmental

cells. To explore the reasons for drug resistance in tumor cells under co-culture conditions, we detected DNA
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double-strand break marker using immunofluorescence. Results Experiments on cell culture within droplets
showed that cells in each droplet exhibited good proliferation ability and consistent cell status, laying a foundation
for the co-culture of multiple kind of cells. Cell co-culture experiments showed that compared with the mono-
culture group, the numbers of LoVo cells, HUVECs, and macrophages in the co-culture group increased
significantly. This confirms that there are obvious interactions between cancer-associated fibroblasts (CAFs),
endothelial cells (HUVECs), macrophages, and tumor cells in the microenvironment, which promotes cell
proliferation in the co-culture chip. Experiments on blue ink diffusion showed that drugs could diffuse uniformly
and effectively into wells in different directions within the chip. Experiments on the diffusion of doxorubicin (a
model drug) demonstrated that identical cells in different wells exhibited consistent drug uptake capacity.
Additionally, cell co-culture experiments combined with oxiliplatin treatment revealed that with the concentration
of 80 umol/L, the survival rate of LoVo cells cultured alone was only 25%, whereas it reached 96% under co-
culture conditions; with the concentration of 160 pmol/L, the survival rate of LoVo cells cultured alone was
merely 2%, while that under co-culture conditions was 50%. These results indicate that the complex
microenvironment composed of CAFs, HUVECs, and macrophages significantly reduces the drug sensitivity of
LoVo cells to oxaliplatin through intercellular interactions. The immunofluorescence results showed that the
expression level of YH2AX in LoVo cells decreased under co-culture conditions. Conclusion Our study
achieved co-culture of the main constituent cells of the tumor microenvironment and analysis of their drug
sensitivity in a droplet microfluidic chip for the first time. The research found that crosstalk between different
microenvironmental cells strongly affects the drug sensitivity of tumor cells to oxaliplatin, suggesting that
targeting the interactions between tumor microenvironmental cells is an effective strategy to improve the efficacy
of tumor therapy. Our study provides new methods and approaches for the efficacy evaluation of anti-tumor drugs
and the screening of new drugs. In addition, the open structural design of the co-culture chip can be combined
with various omics technologies to analyze the molecular characteristics of cells under co-culture and drug
treatment conditions. This is expected to provide new methods and experimental evidence for elucidating the

mechanisms of drug action and identifying novel drug targets in the context of the microenvironment.
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