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Fig. 1 Single organ chip and double organ chip.

(a) 3D view of assembled single organ chip device.

(b) 3D view of assembled dual organ chip device. (¢) Schematic diagram of device fluid

transport, highlighting two different transport processes: convective flow in the media channel and into the tissue cavity through pure diffusion of

porous membrane. (d) Schematic diagram of co-culture: exchange flow of total medium circulation.

AV E T 3FMARSMNG IR, H45146 3
ST S R e i 8 SR S PR S LPS AR fir
SRR (L), BEAFEIAR N KA SE S B A6 ik
YEH . RS, FEARN S ] SOBCEEAE A, T 7
IRBE IR I 0 RAE R 7RI S 2R VEAN 90 R T4
WhiE | RIS AT UARE 1 B Min6 PR TAE DL, A A
PrEMIBITRCR B
2.2 3T3-L1EEADBIESHHMBE AR FIA &
BRFEATIEMY

% R R N AR AN N B R T AR
OUT, ANEIEZBRAARTTY) ) A w5, P
TV THESH BB A =405 5 010s i 40,
BERHZE S S4346 10 d J5 mT LB i U0E 2 A 15 41 A 43
W BT Z A AR . 3T3-L1 /N BURT IS 5 40 0 v

BME 02, W& Z [0 n] I s = 4E55H, REAZHL
PN AR P 1 1 4 L BT Ak ) SRR B TR A . Y 85% L
4 3T3-L1 A J3 430 B kg JI 105 240 B34 s iy
e (Kl2a, 2b) .
2.3 Min6fE Z3D=|RE S HIME R IR A& A
HITIEM

£ 2 T BME ™ 1y /N BRUJBE 5 40 B R 4
(Min6) TE.0 R W =4Eah3E 5% 24 h 5 ADIREEE) A=
KRB R (K3a), 48 hm /)N BB 40 g8 20
Jil (Min6) Z[H 23t B R AL sk Aok gty (&
3b) . /NEUBR S AMDE 400 (Min6) $% BME {22,
P Z 0] LAY = 4454, BRI A4 P
& B AL I A AR



$624- EMUFSEYIEHR R

Prog. Biochem. Biophys. 2019; 46 (6)

R T —

7 _200 {m

400 pm™

Fig.2 Oil red O staining after 10d induced differentiation of 3T3—L1 under 3D static conditions
(a) 10x, (b) 20x.
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Fig. 3 Fluorescence staining of Calcein—AM and PI after incubation for 24 h and 48 h on a Min6 chip under 3D flow

conditions
(a) 24h; (b) 48 h. Green: Calcein-AM; Red: PL
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Fig. 4 Fluorescence staining of Calcein—AM and PI after incubation for 24 h on Min6 chip and3T3-L1&Min6 chip of 3D
flow culture under different conditions
Green: Calcein-AM; Red: PI.
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Fig. 5 Min6 cell survival rate after incubation for 24 h
on Min6 chip and 3T3-L1&Min6 chip of 3D flow culture
under different conditions
For Min6 cell, Contol: Min6 cells were flashed with basic medium,
LPS: Min6 cells were flashed with medium containing 1 mg/L LPS,
and Li+ LPS: MING6 cells were flashed with Img /L LPS and
100 nmol / L liraglutide. For 3T3-L1&Min6 double organ chip,
medium was similar to control, LPS, and Li+LPS as indicated for
Min6 cells. Significant difference is determined using Student's ¢-test:
n=3, all values are means +SEM. *P<0.05, **P<0.01, ns means

no significant difference.
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Fig. 6 The secretion of inflammatory factors in 3T3-L1 chip after 24 h of 3D flow culture under different conditions
(a) ADP, (b) IL-1B, (c¢) IL-6. Contol: 3T3-LI cells were flashed with basic medium, LPS: 3T3-L1 cells were flashed with medium
containing 1 mg/L LPS, Li+LPS: 3T3-L1 cells were flashed with 1mg/L LPS and 100 nmol/L liraglutide. Significant difference is determined using
Student’s #-test: n=3, all values are means £SEM. *P<0.05, **P<0.01, ***P<(0.001.
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Fig.7 Secretion of inflammatory factors and insulin from Min6 chip after 24 h of 3D flow culture under different conditions
(a) ADP, (b) IL-1B, (¢) IL-6 (d) Insulin. Contol: MING6 cells were flashed with basic medium, LPS: MING6 cells were flashed with
medium containing 1 mg/L LPS, Li+LPS: MING cells were flashed with 1 mg/L LPS and 100 nmol/L liraglutide. Significant difference is

determined using Student’s t-test: n=3, all values are means £SEM. *P<0.05, **P<(0.01, ***P<(0.001, ns means no significant difference.
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Fig. 8 Secretion of inflammatory factors and insulin from 3T3-L1&Min6 chip after 24 h of 3D flow culture under different

conditions
(a) ADP, (b) IL-1B, (c¢) IL-6, (d) Insulin. Contol: 3T3-L1&Min6cells were flashed with basic medium, LPS: 3T3-L1&Min6 cells were
flashed with medium containing 1 mg/L LPS, and Li+LPS: 3T3-L1&Min6 cells were flashed with Img/L LPS and 100 nmol/L liraglutide.

Significant difference is determined using Student’s r-test: n=3, all values are means =SEM. *P<0.05, **P<0.01, ***P<0.001.

3 Min6 41 A9 240 kL35 71 JC A N R, HURAE 3T3-
L1/Min6 BEA 28 B R T AR S, 76 3T3-L1jg
A MIA/E T, LPS % Min6 28 j 4 4 ] /5 11 B
T, $EN A D 4L AU PR TR FE R IR S T 2 AU
PRI 1 i A b & R L BB i A 2 AR
ZH A 2 8] (R B A A 2 2508 BR i B8 B AL 5
T CHE . AT AR - 5 22 4 B R RS
AT DAL TR N 45 48 B Z B AR B2 .
B E FRCAE L, JR— R B AR R R
AR, NSRBI M AU 40 A A P R A K A
e, AL R AR T 4R

GLP-1 J& 1 il L 240 i 70 Wb i) — P i K9
A RLE i A2 A G R A L RO Y RS IR
JE— MR GLP-1 26014, Lz S R pi AL i) €0
AT R g UM 2R A 8 SRR ) 2 Al T HE
ZeHBgHES 2 UABRIESE, MHE IREA SR |
PO T A A AL B O A PR T = e R Xy
WA T2 BUBR I A SRR LA R e R R
DU, ATIBRR B AL TN, BRI B i T RE
SAD PRI IR T AR A RO 2 AR T B AL
PRBLH AN SE 04, FATA LU JLRMEREE: a A
PR S HZIRLTEIR, RS IOn mA RIS LR 33



*628- EMUFESEYWIRHR

Prog. Biochem. Biophys.

2019; 46 (6)

fitg (PIBK) 157 =i, PI3KAF i B H0E 5 il
DA Sk 25 1 s PR /s BRUBRAR B 4 bt S A JE Rl i 2=
TR D PN S5 R A A, DT 2 5 HL B A
FH 205 b R R AT A0 i 4 25 0 o 3R 42 R TR
TSR G KB (INOS) MTHHERIRIE,
MR F B (NF-xB) {558, woylkE
PERAE I & A5 oo JTE B R VR M8 A 1 TR 5 TR
(NADPH) Ak i B o e A LA S A R K P
HOMAEZALE], SRR 0 R AR SR VIR,
FF & Jik AT AT 5 10 NADPH AL B0 1, 8
PRTOI RS REPLR MPLEAL I ER . A
s R BR, FHiE KA T el #5451 LPS X
175 A L P SR ST, S T/ g R B 40 e O
T, Mk A B 2R Y YIse .

3 4 i

ARSI R T —FBi R . BeRE e AR 2
X2 RUBE PRI 25 AT Z EIEM BT & L R AN
AR5 L, FRATATLAZ 30 LPS KFIHr e okt
PR AR B SOES A I M 20 BRI 5 2 AN [ B A
F, i LPS KOoFr & fRoe AU s B s A iR
5 240 L 0 Min6 ZH B [RIVE T, W% 3] T LPS X 8L
YRR FH A SE ) . B IS -JBR 5 65t i AT LA 2
YIVE AT INZE G PO . AR SO T & RS M)
G4 B A S BIFSE 2 OB e s BEGE R LA & 24
P R R, A RN RS

£ % X W

[1]  Kahn S E, Hull R L, Utzschneider K M. Mechanisms linking
obesity to insulin resistance and type 2 diabetes. Nature, 20006,
444(7121): 840-846

[2] Boden G. Role of fatty acids in the pathogenesis of insulin
resistance and NIDDM. Diabetes, 1997,46(1): 3-10

3] Roden M, Price T B, Perseghin G, et al. Mechanism of free fatty
acid-induced insulin resistance in humans. J Clin Invest, 1996,
97(12): 2859-2865

[4]  LumengC N, Saltiel A R. Inflammatory links between obesity and
metabolic disease. J Clin Invest,2011,121(6): 2111-2117

[5] Musso G, Gambino R, Cassader M. Interactions between gut
microbiota and host metabolism predisposing to obesity and
diabetes. AnnuRev Med, 2011, 62:361-380

[6] Frazier T H, Dibaise J K, Mcclain C J. Gut microbiota, intestinal

(7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

permeability, obesity-induced inflammation, and liver injury.
JPENJ Parenter Enteral Nutr, 2011, 35(5 Suppl): 14S-20S

Zhou F, Zhang Y, Chen J, et al. Liraglutide attenuates
lipopolysaccharide-induced acute lung injury in mice. Eur J
Pharmacol, 2016, 791: 735-740

Ehrmann R L, Gey G O. The growth of cells on a transparent gel of
reconstituted rat-tail collagen. J Natl Cancer Inst, 1956, 16(6):
1375-1403

Volpatti L R, Yetisen A K. Commercialization of microfluidic
devices. Trends Biotechnol, 2014,32(7): 347-350

Sackmann E K, Fulton A L, Beebe D J. The present and future role
of microfluidics in biomedical research. Nature, 2014, 507(7491):
181-189

Bhatia S N, Ingber D E. Microfluidic organs-on-chips. Nat
Biotechnol, 2014, 32(8): 760-772

Dehne E M, Hasenberg T, Marx U. The ascendance of
microphysiological systems to solve the drug testing dilemma.
Future Sci OA,2017,3(2): FSO185

Maschmeyer I, Lorenz A K, Schimek K, et al. A four-organ-chip
for interconnected long-term co-culture of human intestine, liver,
skin and kidney equivalents. Lab Chip, 2015, 15(12): 2688-2699
Miller P G, Shuler M L. Design and demonstration of a pumpless
14 compartment microphysiological system. Biotechnol Bioeng,
2016,113(10):2213-2227

Oleaga C, Bernabini C, Smith A S, et al. Multi-organ toxicity
demonstration in a functional human in vitro system composed of
four organs. SciRep, 2016, 6: 20030

Lu S, Dugan C E, Kennedy R T. Microfluidic chip with integrated
electrophoretic cell-cell
interactions. Anal Chem, 2018, 90(8): 5171-5178

Nguyen D T, Van Noort D, Jeong I K, et al. Endocrine system on

immunoassay for investigating

chip for a diabetes treatment model. Biofabrication, 2017, 9(1):
015021

Bauer S, Wennberg Huldt C, Kanebratt K P, et al. Functional
coupling of human pancreatic islets and liver spheroids on-a-chip:
towards a novel human ex vivo type 2 diabetes model. Sci Rep,
2017,7(1): 14620

Gomes ] M G, Costa J A, Alfenas R C G. Metabolic endotoxemia
and diabetes mellitus: a systematic review. Metabolism, 2017,
68:133-144

Arana Mde J, Vallespi M G, Chinea G, et al. Inhibition of LPS-
responses by synthetic peptides derived from LBP associates with
the ability of the peptides to block LBP-LPS interaction. J
Endotoxin Res, 2003,9(5):281-291

Dai Y, Dai D, Wang X, et al. DPP-4 inhibitors repress NLRP3
inflammasome and interleukin-lbeta via GLP-1 receptor in
macrophages through protein kinase C pathway. Cardiovasc
Drugs Ther, 2014, 28(5): 425-432



2019: 46 (6) mill, %: AT 2AMRRFERRAIDEZRED <629+
[22] Knudsen L B, Nielsen P F, Huusfeldt P O, et al. Potent derivatives Biophys Acta Mol Basis Dis, 2018, 1864(11): 3805-3823

[23]

[24]

of glucagon-like peptide-1 with pharmacokinetic properties
suitable for once daily administration. J] Med Chem, 2000, 43(9):
1664-1669

Krasner N M, Ido Y, Ruderman N B, et a/. Glucagon-like peptide-1
(GLP-1) analog liraglutide inhibits endothelial cell inflammation
through a calcium and AMPK dependent mechanism. Plos One,
2014,9(5):€97554

Gonzalez L L, Garrie K, Turner M D. Type 2 diabetes - an

autoinflammatory disease driven by metabolic stress. Biochim

[25]

[26]

Shimoda M, Kanda Y, Hamamoto S, ef al. The human glucagon-
like peptide-1 analogue liraglutide preserves pancreatic beta cells
via regulation of cell kinetics and suppression of oxidative and
endoplasmic reticulum stress in a mouse model of diabetes.
Diabetologia, 2011, 54(5): 1098-1108

Shiraki A, Oyama J, Komoda H, et al. The glucagon-like peptide 1
analog liraglutide reduces TNF-alpha-induced oxidative stress
and inflammation in endothelial cells. Atherosclerosis, 2012,
221(2):375-382



*630- EMSESEYYIEHE  Prog. Biochem. Biophys. 2019; 46 (6)

Establishment of 3D Organ Chip for Multiplexed Assessment of Type 2
Diabetes Drugs”

YOU Xiu", ZHANG Xiu-Li”, LUO Yong"”, LIU Li-Chao”", ZHAO Wei-Jie", LIN Bing-Cheng®
(VDalian University of Technology, Dalian 116000, China;
DThe Second Affiliated Hospital of Dalian Medical University, Dalian 116027, China;
3College of Phrmaceutical Sciences, Soochow University, Suzhou 215123, China;
DDalianlnstitute of Chemical Physics, Chinese Academy of Sciences, Dalian 116000, China)

Abstract Type 2 diabetes is a systematic metabolic disease that involves complex interplay of multiple organs,
of which adipose tissue and pancreatic islet are two key organs related to its pathogenesis. In this paper, models of
fat 3D organ chip, islet 3D organ chip and their combination were established, which can be used to study the
pathogenesis and to assess the mechanism of hypoglycemic agents for treatment of type 2 diabetes. A two-channel
composite microfluidic chip was designed to study the effects of lipopolysaccharide (LPS) first on fat cells in one
chip chamber and on islet cell in a seperate chip culture chamber. The chip channel was continuously perfused to
simulate constantly changes in contents of the body fluid. The secretion of inflammatory factors such as
adiponectin (ADP), interleukin-6 (IL-6) and interleukin-1f (IL-1B) from adipocytes and islet cells, the insulin
secretion from islet cells, and islet cell survival rate in medium flashed with LPS or LPS/liraglutide were
compared with those from cells flashed with the control medium. The results showed that LPS decreased ADP
production from fat 3D organ chip, in islet 3D organ chip, and in fat/islet 3D double organ chip, LPS promoted IL-
1B and IL-6 production from fat 3D organ chip and 3D fat/islet double organ chip, but not from islet 3D organ
chip. Liraglutide could improve the production of ADP, and decreased IL-1p, IL-6 from fat 3D organ chip and fat/
islet 3D double organ chip, but no effects on islet 3D organ chip. LPS and liraglutide separate or in combination
had no effect on insulin production from islet 3D organ chip, but LPS decreased insulin production from fat/islet
3D double organ chip, liraglutide improved the decreased insulin production from fat/islet double organ chip due
to LPS. The platform for the combined application of the fat organ and the islet organ based on the microfluidic
chip can be applied to the multi-organ disease reaction caused by the interaction between different tissues and is

expected to be a powerful tool for drug evaluation of systemic metabolic diseases such as type 2 diabetes.
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