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On-chip monitoring of skeletal myoblast 

transplantation for the treatment of hypoxia-

induced myocardial injury†††† 

Juan He,a‡ Chao Ma,b‡ Wenming Liua and Jinyi Wanga,b* 

A comprehensive elucidation of unexpected adverse events occurred in skeletal myoblast 

transplantation is fundamental for the optimization of myocardial therapeutic effects. However, a 

well-defined method to study the interactions between skeletal myoblasts and cardiomyocytes 

during the healing process is out of reach. Here, we describe a microfluidic method for monitoring 

the interactions between skeletal myoblasts and hypoxia-injured cardiomyocytes in a 

spatiotemporally controlled manner, mimicking the in vivo cell transplantation process. A myocardial 

hypoxia environment was created using an oxygen consumption blocking reagent carbonyl cyanide 4-

(trifluoromethoxy)phenylhydrazone. Meanwhile, the interactions between skeletal L6 myoblasts and 

hypoxia-injured myocardium H9c2 cells were investigated and the effects of L6 conditional medium 

on H9c2 cells were comparatively analyzed by quantitatively measuring the morphological and 

pathophysiological dynamics of H9c2 cells. The results showed that skeletal myoblasts could repair 

hypoxia-injured H9c2 cells mainly through direct cell-to-cell interactions. This simple on-chip assay 

for investigating myocardial repair processes may provide avenues for in vitro screening of drug-

induced cardiotoxicity. 

Introduction 

Cardiovascular diseases, also called heart diseases, are the 

leading cause of morbidity and mortality, accounting for nearly 

one-third of deaths worldwide, and project to increase until at 

least 2030.1 Heart transplantation remains the only definitive 

treatment for end-stage heart failure, but hindered by restricted 

availability of donor hearts and immunity rejection. Cell 

transplantation represents a novel approach for improving 

myocardial function,2-4 as accumulating evidences from various 

experiments those have explored different cell types including 

embryonic stem cells,5 cardiac myocytes,6 fetal or neonatal 

cardiomyocytes,7,8 skeletal myoblasts,9,10 fibroblasts,9 and 

hematopoietic stem cells.2,11 Among them, skeletal muscle-

derived myoblasts, because of their in vitro high proliferative 

potential, autologous availability without ethical issues and 

immune-suppression, highly resistance to ischemic stress, and a 

low risk of tumorgenicity,12 remain the most well-studied donor 

cell types for myocardial repair and/or regeneration. However, 

differentiated skeletal myoblasts are distinguished with 

myocardial cells in electrophysiological characteristics, which 

can cause fatal ventricular arrhythmia in some patients early 

after cell transplantation.13,14 Moreover, transplanted skeletal 

myoblasts may become an ectopic excitement site and new 

born cells may produce a factor that can also induce/cause 

arrhythmia.14 These emerged problems make studies on the 

interaction between skeletal myoblasts and myocardial cells 

during repair process is of urgency. However, in vivo 

experiments are under uncertain cues that could intervene in the 

exploration of skeletal myoblast restoration on myocardial 

cells, and also could not spatiotemporally control the 

communication of skeletal muscle cells and myocardial cells. 

Recently, numerous studies have demonstrated that 

microfluidics is a promising platform for spatiotemporal 

manipulation of mammalian cells and their microenvironment 

with high microscale resolution.15,16 Combined with appropriate 

microstructures and feasible sequential manipulations, 

microfluidic devices can precisely control fluid perfusion and 

biological sample localization, as well as keep the organized 

cells in a tissue-relevant context.17-19 Microfluidic devices 

developed for cardiac research have been used to study cardiac 

electrical activity,20 cell orientation and mechanical function 

measurement,21 drug-induced cardiotoxicity,22 cell metabolism 

and communication,23 as well as cardiac tissueengineering.24 

More recently, we developed a micropillar array-aided tissue 

interface mimicking microfluidic device for the dynamic study 

of hypoxia-induced myocardial injury in a microenvironment-

controllable manner.18 Using this microfluidic device, hypoxia-
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induced myocardial injury was carried out and the varying 

apoptotic responses of myocardial cells were temporally 

monitored and measured. The results show that hypoxia 

directionally resulted in observable cell shrinkage, cytoskeleton 

disintegration, mitochondrial membrane potential loss, and 

caspase-3 activation. All these studies greatly improved the 

microscale evaluation of myocardial tissue/cell properties, 

especially the studies on the function of myocardial cells. 

Nevertheless, the on-chip study of skeletal myoblast 

transplantation, particularly the spatiotemporally controlled 

investigation of the interactions between skeletal myoblasts and 

myocardial cells during myocardial cell repair process, has 

been less advanced. 

Here, we describe a study of skeletal myoblast 

transplantation for the treatment of hypoxia-induced myocardial 

injury in a cell transplantation mimicking microfluidic device. 

Using this device, we first realized simultaneous culture of rat 

heart myocardium H9c2 cells and rat L6 skeletal myoblasts. 

Hereafter, a myocardial hypoxia environment was created using 

carbonyl cyanide p-trifluoromethoxyphenylhydrazone (FCCP). 

Meanwhile, the dynamics of myocardial cells during hypoxia 

treatment and after coculture with skeletal myoblasts were 

investigated. 

Experimental 

Design and fabrication of the microfluidic device 

The microfluidic device utilized for this study was designed 

using software AutoCAD (Autodesk, Inc., CA, USA) and 

fabricated from poly(dimethylsiloxane) (PDMS) using a 

multilayer soft lithography method.25,26 For the detailed 

information, see online Supplementary Information. 

Microfluidic cell culture 

Rat heart myocardium H9c2 cells and rat L6 skeletal myoblasts 

(The Chinese Academy of Sciences, Shanghai, China) were 

used for the cellular experiments. These cells were cultured 

using high glucose Dulbecco’s Modified Eagle Medium 

(DMEM, Invitrogen, NY, USA) supplemented with 10% FBS, 

100 U/mL penicillin, and 100 µg/mL streptomycin in a 

humidified atmosphere of 5% CO2 at 37 °C. Prior to seeding 

cells in the microfluidic device, the device was first sterilized 

with UV light for 2 h and then coated with collagen-I (200 

µg/mL) for another 2 h to promote cell adhesion.26 After rinsing 

 

Scheme 1  On-chip monitoring of skeletal myoblast transplantation for the treatment of hypoxia-induced myocardial injury. (A) Composition of the microfluidic 

device (from top to bottom: fluidic layer, control layer, thin PDMS layer, and glass slide). (B) Schematic representation of a single working unit that contained one 

H9c2 cell chamber (i) and two L6 cell chambers (ii). Each of the L6 cell chamber was connected with the H9c2 cell chamber via a set of uniformly distributed 

microchannels, and the communication between the two chambers was regulated by the microvalves embedded in the control matrix. (C) Schematic diagrams 

showing the on-chip studying procedures (from left to right: normal culture of H9c2 and L6 cells in their respective chambers, hypoxic treatment of H9c2 cells with 

oxygen consumption blocking reagent FCCP, and the subsequent treatment via coculture with L6 cells. (D) H9c2 cells (top) and L6 cells (bottom) cultured in their 

respective chambers for 24 h. AO/PI double staining showed that the two cells possessed high viability (green, live cells; and red, dead cells). 
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thrice with DMEM, H9c2 cells and L6 cells were respectively 

loaded into their culture chambers by flowing their suspensions 

(4 µL/min) for 3 min at a cell density of 6.0 × 106 cells/mL. The 

established microvalve switches prohibited leakage and cross 

contamination of different cell types in the different chambers. 

The device was then placed in a humidified atmosphere with 

5% CO2 at 37 °C for 1 h to enable the cells to attach. The 

supplemented DMEM medium was loaded from the designated 

inlets into the device to supply culture nutrients to the cells. 

Hypoxia-induced myocardial injury and repair via coculture 

with myoblasts 

For the hypoxia treatment of myocardium H9c2 cells, FCCP 

solution (30 µM in FBS-free DMEM)18 was continuously 

introduced into H9c2 cell culture chamber at 1 µL/min for 30 

min. Then, FCCP-containing culture medium was replaced with 

fresh DMEM supplemented with 2% FBS. Meanwhile, the 

microvalves assembled between the L6 skeletal myoblast and 

myocardium H9c2 cell culture chambers were opened, and the 

two types of cells were cocultured for certain duration. 

 

Fig. 1  Evaluation of hypoxia-treated myocardium H9c2 cells. (A) and (B) Fluorescence images of H9c2 cell actin filament (red) and nuclear (blue) under normal 

culture (A) and after hypoxia treatment with 30 μmol/L FCCP for 0.5 h (B). (C, D and E) Fluorescence images of caspase-3+ cells before hypoxia treatment (C), as 

well as after 0.5-h (D) and 2-h (E) hypoxia treatment. (F, G and H) Quantitative analysis of fluorescence intensity dynamics of caspase-3+ cells during hypoxia 

treatment; (F), (G) and (H) correspond to the red dashed circles of (C), (D) and (E), respectively. 
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Micrographs of cells were captured every 6 h. Each experiment 

was repeated at least three times in different devices, and in 

each case, over 180 cells per condition were measured for 

statistical analysis. Blank controls were run simultaneously 

during each experiment. 

Mitochondrial membrane potential and caspase-3 activity of 

H9c2 cells  

Mitochondrial membrane potential and caspase-3 activity of 

H9c2 cells were analyzed to evaluate the hypoxic injury and 

dynamics of myocardial cells. Briefly, the solution of 5,5′,6,6′-

tetrachloro-1,1′,3,3′-tetraethyl-benzimidazolylcarbocyanineiodi-

de (JC-1, Biotium; 5 µM) was loaded into the cell culture 

chamber at a flow rate of 2 µL/min and incubated for 15 min at 

room temperature before PBS rinsing. The analysis of caspase-

3 activation of H9c2 cells was performed using NucView 488 

caspase-3 substrate (1 µM; a cell membrane-permeable 

fluorogenic caspase substrate) with the same procedure as 

above, except the 30 min incubation time. 

Cell staining 

Cell viability assessment was performed using the acridine 

orange (AO)/propidium iodide (PI) double-staining protocol.26 

The detailed experimental procedures can be found in the 

Supplementary Information. For clearly distinguishing the 

coexistence of H9c2 and L6 cells, the two types of cells were 

respectively stained using CellTracker Green CMFDA and 

CellTracker Orange CMRA (10 µmol/L in DMEM) before they 

were loaded into the device for the subsequent studies. To 

investigate cytoskeleton change before and after treatment with 

FCCP and coculture with L6 cells, the actin filament of H9c2 

cells was also stained.18 Briefly, the cells were first fixed using 

4% paraformaldehyde for 10 min at room temperature after 

washing thrice with PBS. Then, the cultures were incubated at 

37 °C for 20 min with TRITC-phalloidin (100 nM in PBS) 

following permeabilizing with PBS containing 0.2% Triton X-

100 for 30 min. The cell nuclei were stained with Hoechst dye 

H33258 fluorochrome (0.5 µg/mL) following the same 

procedures described above. 

Microscopy and image analysis 

Bright-field and fluorescence images were timely acquired 

using an inverted microscope (Olympus, CKX41) equipped 

with a CCD camera (Olympus, DP72) and a mercury lamp 

(Olympus, U-RFLT50). Software Image-Pro Plus 6.0 (Media 

Cyternetics) and SPSS12.0 (SPSS Inc.) were used to perform 

image and statistical data analysis, respectively. The results, 

 

Fig. 2  Migration of L6 cells to H9c2 culture chamber. H9c2 and L6 cells were respectively stained using CellTracker Green and CellTracker Orange. (A, B and C) 

Time-lapse images of H9c2 and L6 cells after coculture for 2 h (A), 12 h (B) and 30 h (C). (D, E and F) Skeletal myoblasts were represented using red dots and their 

time-dependent positions were drawn in orthogonal coordinates; (D), (E) and (F) correspond to (A), (B) and (C), respectively. The results showed that L6 cells 

migrated to the H9c2 culture chamber along the period of coculture. Images were composited by merging two fluorescence channels using Image-Pro Plus 6.0. 
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including the error bars in the graphs, were given as the mean ± 

standard deviation (SD). 

Results and discussion 

Device design and preparation 

The integrated microfluidic device (Scheme 1A) used in the 

current study was fabricated from PDMS, an optically 

transparent elastomer widely used in biological 

microfluidics.27,28 Generally, the constructed 2.5 cm × 2.5 cm 

microfluidic device is composed of four layers: the fluidic layer 

(a microchannel network, µCN), the control layer (a 

pneumatically actuated microvalve system, PµS), the thin 

PDMS layer, and a glass slide. The µCN in the fluidic layer 

contains five units with identical function that could be used for 

multiple on-chip tests; each unit has a central chamber and two 

lateral chambers connected by two sets of microchannels 

(Scheme 1B) where the observation of the coexistence of H9c2 

cells and L6 cells was accomplished. The PµS in the control 

layer was employed to allow manipulation of individual cell 

culture chamber and spatiotemporally controlled investigation 

of the interaction between H9c2 and L6 cells. Three inlets and 

three outlets were used for cell loading, nutrient supply, 

chamber purging, and waste exclusion. In PµS, two water-filled 

channels incorporated rectangular cross-shaped microvalves 

were pressurized to deflect the PDMS membrane upward to 

seal off the fluid channel.26 The thin PDMS layer was used to 

enable the valves to withstand the high actuation pressure better 

after irreversibly bonding with the control layer.29,30 When the 

microvalves were opened, the medium volume difference 

between the H9c2 cell and L6 cell reservoirs forced the medium 

to flow from the L6 cell culture chamber into the H9c2 cell 

chamber, achieving the communication of two heterogeneous 

cells, as indicated by fluorescein test (ESI, Figure S1†). 

On-chip coculture of myocardium H9c2 cells and skeletal L6 

myoblasts 

To on-chip mimic in vivo cell transplantation for the treatment 

of hypoxia-induced myocardial injury, as well as to 

spatiotemporally controlled study the interactions between 

skeletal myoblasts and myocardial cells during myocardial cell 

repair process, we designed and fabricated the microfluidic 

device aforementioned and myocardium H9c2 cells and skeletal 

L6 myoblasts (Scheme 1C) were used.31 H9c2 cells were 

seeded in the central culture chamber and skeletal L6 myoblasts 

were seeded in the two lateral chambers assisted by 

microvalves located under the connected channels. The two 

type cells exhibited good adhesion and proliferation (Scheme 

1D) with high viability (H9c2 cells, 99.5% and L6 cells, 

99.1%). In the subsequent study, H9c2 cells and L6 cells were 

respectively stained using CellTracker Green and CellTracker 

Orange with the aim of clearly distinguishing the two types of 

 
Fig. 3  Analysis of the perinuclear density of H9c2 cell actin. (A) Fluorescence images of actin filament (red) and nuclear (blue) staining (the first and second rows), 

as well as the morphometric assessment of the perinuclear density of actin (the third row) under various culture conditions [i.e., normal culture condition 

(Control), hypoxia treatment condition (FCCP), and coculture condition (Coculture)]. The second row is the enlarged images of actin filament and nuclear staining, 

which corresponds to the white dashed rectangles in the first row. (B) Quantitative analysis of the perinuclear density of H9c2 cell actin after culture under various 

conditions. Data are given as means ± SD, collected from three independent experiments with at least 180 cells counted. *P < 0.05; **P < 0.005. 
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cells and dynamically tracking their migration during coculture. 

Hypoxia-induced myocardial injury 

Myocardial ischemia has been demonstrated to always result in 

myocardial hypoxia, especially in myocardial infarction.32 In 

the current study, we used a chemical hypoxia model in vitro 

assisted by oxygen consumption blocking reagent FCCP that 

can reproduce a hypoxic condition similar to the in vivo 

myocardial ischemia injury.18,33 FCCP can uncouple the 

mitochondrial respiratory chain, so oxygen could not involve in 

the respiratory chain; the oxidative phosphorylation is inhibited 

and the energy production depends on glycolysis.33 Initially, the 

myocardial cells were routinely cultivated in the central 

chamber for 12 h. Then, the medium was replaced by FCCP-

containing medium (without FBS) to create a less nourishing 

condition that closely simulates a serious myocardial 

ischemia/hypoxia similar to myocardial infarction.18 The first 

observable cell response from the imaging results (Fig. 1A and 

B) was cell shrinkage, which was characterized by a size 

decreasing gradient, and further, became more serious along 

with hypoxia time extension (ESI, Figure S2†). The cell 

morphological change implied that sustained hypoxia could 

induce aggressive injury to myocardial cells. The injured cells 

became spatially independent, and were of no connection with 

each other; moreover, the long actin bundles were damaged and 

disassembled. 

Caspases, a family of cysteine proteases, play essential roles 

in cell apoptosis and can trigger the apoptotic process of cells 

when activated.34 In the current study, the activation signal of 

caspase-3 during hypoxia treatment was monitored using 

NucView 488 caspase-3 substrate.35 The substrate consists of a 

fluorogenic DNA dye and a DEVD substrate moiety specific 

for caspase-3, which are both nonfluorescent and nonfunctional 

as a DNA dye. After cleavage by caspase-3, a high-affinity 

 
Fig. 4  Assessment of the position relationship of the actin filament arrangement and the nucleus localization at single-cell resolution. ‘β’ (°) is an acute angle 

between the long axes defined by the nucleus center (blue line) and the center of the cytoplasmic actin filament area (red line). (A) Morphological image of the 

actin filament and nucleus under normal culture condition, with its distribution of β. (B) Morphological image of the actin filament and nucleus after hypoxia 

treatment, with its distribution of β. (C) Morphological image of the actin filament and nucleus after coculture with L6 cells, with its distribution of β. The central 

point of the black cross is the center of the nucleus. The average angle is indicated in black line. Data were collected from three independent experiments with at 

least 60 cells counted. 
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DNA dye was released and stained the nucleus bright green.18 

Analysis of caspase-3 positive cells (caspase-3+ cells) during 

on-chip hypoxia treatment showed that the percentage of 

caspase-3+ cells increased with hypoxia time extension (Fig. 

1C-H), which indicated that long-time hypoxia treatment could 

induce more H9c2 cell apoptosis. Comprehensive analysis of 

the results as well as those reported by us,18 30-min hypoxia 

treatment was used in the next study because moderate injury to 

H9c2 cells was observed after this time treatment. 

Myocardium H9c2 cell repair via coculture with L6 myoblasts 

To mimic the in vivo cell transplantation, the interactions 

between L6 cells and hypoxia-injured H9c2 cells were studied 

in the microfluidic device. The microvalves assembled between 

the L6 skeletal myoblast and myocardium H9c2 cell culture 

chambers were slightly opened to allow either indirect 

communication through paracrine, or direct communication 

through cell-to-cell interactions. Cell movement was timely 

tracked at single-cell resolution to monitor cell migration path. 

The imaging results (Fig. 2A-C) showed that L6 cells gradually 

migrated toward the central chamber and formed homogeneous 

and heterogeneous cell contacts. For a more intuitive 

understanding of the myoblast migration status, myoblasts 

migration distance was quantified and drawn in an orthogonal 

coordinate corresponding to the coculture region (Fig. 2D-F). 

These results demonstrated that this microfluidic device could 

perform controllable coculture of two heterogeneous cells, and 

could be also convenient for monitoring the interactions 

between H9c2 cells and L6 cells. Analysis of cytoskeletal 

networks (Fig. 3) of H9c2 cells by TRITC-phalloidin staining 

actin (one of the primary structural proteins of cardiac muscle) 

showed that the perinuclear actin filaments were regularly 

arranged and the perinuclear actin density36,37 (for the 

calculation, see the Supplementary Information) was uniformly 

distributed (Fig. 3, Control) under normal culture condition; 

after FCCP treatment, the perinuclear actin filaments were 

vague with irregular arrangement and the perinuclear actin 

density become stronger with concentrated fluorescence (Fig. 3, 

FCCP). However, after coculture with L6 cells, the perinuclear 

actin filament arrangement and the perinuclear actin density 

presented recovery phenomena (Fig. 3, Coculture). Further 

analysis of the relationship of cell actin filament arrangement 

and nucleus localization using a new factor ‘β (o)’ (an acute 

angle between the long axes defined by the nucleus center and 

the center of the cytoplasmic actin filament area)37 showed that 

the angle β of H9c2 cells under normal culture condition was 

no more than 25o, with an average of 8o (Fig. 4A). After 

hypoxia treatment, the angle β was widely distributed with an 

average of 26o and the maximum angle was even greater than 

50o (Fig. 4B). After coculture with L6 skeletal myoblasts, H9c2 

 

Fig. 5  Quantitative analysis of the mitochondrial membrane potential of H9c2 cells before (A, B and C) and after (D, E and F) 30-min hypoxia treatment, as well as 

after coculture with L6 cells (G, H and I). (A, D and G) Fluorescence images of JC-1 aggregates in mitochondria before (A) and after (D) 30-min hypoxia treatment, as 

well as after coculture with L6 cells (G). (B, E and H) Fluorescence images of JC-1 monomers in cytoplasm before (B) and after (E) 30-min hypoxia treatment, as well 

as after coculture with L6 cells (H). (C, F and I) Ratio of JC-1 aggregates to its monomers before (C) and after (F) 30-min hypoxia treatment, as well as after coculture 

with L6 cells (I), corresponding to the dotted lines in parts (A) and (B), (D) and (E), as well as (G) and (H), respectively. 
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cells showed an average of 11o (Fig. 4C). All the results 

indicated the repair effect of L6 cells on hypoxia-injured H9c2 

cells. 

To further confirm the repair effect of L6 cells on hypoxia-

injured H9c2 cells, the mitochondria membrane potential of 

H9c2 cells was also monitored (Fig. 5) by using a common 

cationic dye JC-1. Generally, JC-1 exists in two forms, namely, 

aggregate and monomer, which can detect the mitochondrial 

depolarization and membrane potential alteration appeared in 

the early stage of apoptosis.38,39 After cellular uptake, JC-1 

aggregates in the healthy mitochondria with high membrane 

potential and emits red fluorescence at 590 nm. On the 

contrary, JC-1 is monomeric in the membrane-damaged 

mitochondria with low membrane potential, sequentially 

leaking into the cytoplasm. The monomer emits green 

fluorescence at 527 nm and its variability can indirectly show 

the dynamics of membrane potential.38,39 For a more accurate 

assessment, the fluorescence ratio between the two types of JC-

1 forms, as a substitute to the simple value of fluorescence 

intensity, was used to reflect the quantitative change in the 

membrane potential.39 The result showed that compared with 

the normal culture (Fig. 5A-C), the ratio of JC-1 two forms 

significantly decreased after hypoxia treatment (Fig. 5D-F). 

While, the ratio increased after cocultured with L6 skeletal 

myoblasts (Fig. 5G-I). All the results provided supportive 

evidence that L6 myoblasts could repair hypoxia-induced H9c2 

cell injury. 

Several possible mechanisms underlying the therapeutic 

outcome of myocardial repair exerted by skeletal myoblasts 

have been proposed that skeletal myoblasts may 1) fuse with 

host cardiomyocytes by partial cell fusion through direct cell-

to-cell connection;40,41 2) influence the neighboring cardiac 

tissue by paracrine signaling with release of cytokines and 

growth factors.42 However, these probable repair mechanisms 

by which skeletal myoblasts improve myocardial function are 

not fully understood and remain largely speculative because 

limited number of fusion events detected fails to support a 

substantial improvement of cardiac function.43 To explore the 

probable repair mechanism, in the final part of this study, we 

comparatively investigated two possible factors, one is 

heterogeneous interaction by direct cell contact, and the other is 

through paracrine, namely, L6 cells may secrete cytokines into 

culture medium that may play an essential role in repairing 

myocardial hypoxia injury. Conditional culture medium from 

L6 cell culture was used to substitute paracrine and normal 

culture medium was used as control. The two kinds of cell 

culture media were respectively used to culture myocardium 

H9c2 cells. To monitor H9c2 cell change during this test, cell 

images were taken every 6 h (ESI, Fig. S3 and S4†), which 

indicate that no obvious change was found in cell morphology 

and cell viability, whether cultured with normal culture 

medium, or with conditional culture medium. Cell roundness 

was considered as an important factor, which can indicate cell 

viability as well as cell morphology changes. Therefore, cell 

roundness of H9c2 cells under different conditions were 

comparatively analyzed in the current study (ESI, Fig. S5†). 

The result showed that the introduction of conditional cell 

culture medium or normal cell culture medium didn’t 

significantly change it after culture for 36 h. However, after 

coculture with L6 cells, H9c2 cells extended and cell roundness 

increased with time extension. Further analysis of cell area also 

showed the similar results (ESI, Fig. S6†). All the results to 

some extent indicated that the repair of hypoxia-injured 

myocardium H9c2 by skeletal myoblast L6 cells was mainly 

through direct heterogeneous cell-to-cell interaction, similar to 

the study reported previously.40,41 

Conclusions 

In this study, an on-chip assay of skeletal myoblast 

transplantation for the treatment of hypoxia-induced myocardial 

injury was carried out in a cell transplantation mimicking 

microfluidic device. The oxygen consumption blocking reagent 

FCCP was used to create a hypoxia environment for myocardial 

injury. Skeletal L6 myoblasts and H9c2 cardiomyoctes were 

simultaneously cultured in their respective chamber assembled 

in a single device and their communication was temporally 

controlled by the switches of microvalves assembled between 

L6 and H9c2 cell culture chambers. Quantitative analysis of the 

morphological and pathophysiological dynamics of H9c2 cells 

showed that after coculture with L6 cells, the cell area of 

hypoxia-injuired cardiomyoctes increased, perinuclear density 

of actin augmented, and membrane potential of the 

mitochondria reversed. All the results implied that L6 skeletal 

myoblasts could repair the hypoxia-induced cardiomyocte 

injury. Further investigation by using the conditional medium 

of L6 skeletal myoblasts demonstrated that skeletal myoblasts 

morphologically repaired hypoxia-injured myocardium H9c2 

cells mainly through direct cell-to-cell interactions. 
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We present a microfluidic method for the assay of skeletal myoblast transplantation for the 

treatment of hypoxia-induced myocardial injury. 
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