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ABSTRACT OF THE THESIS

By

Ashley Vivian Niu

Master of Science in Biomedical Engineering

University of California, Irvine, 2021

Professor Wendy Liu, Chair

Macrophages are highly plastic and versatile cells that adjust their function to the

surrounding environment. Recently, several studies have found SARS-CoV-2 causing areas of

decreased oxygen and a hyperinflammatory response leading to stress and damage to the heart in

patients with COVID-19. Exploring how hypoxia affects macrophages will help better

understand the underlying mechanism and its interactions with cardiomyocytes in ischemic

tissue from COVID-19. Presently, co-culture of cardiomyocytes and macrophages has not been

extensively implemented due to technical challenges, so the first section explores whether

different culture mediums can affect macrophage behavior in in vitro culture. Different media

change cytokine secretion towards a pro-inflammatory phenotype of macrophages. Similarly, the

second section evaluates how hypoxia treatment through a hypoxia chamber model affects

macrophages and cardiomyocytes through cytokine secretion. Hypoxia modifies the release of

cytokines in macrophages and cardiomyocytes and shifts both towards a greater inflammatory

response. This further lays the groundwork to see how macrophages react to hypoxia while

interacting with cardiomyocytes.
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Chapter 1: Introduction

Macrophage biology

Macrophages are immune cells that are highly specialized in removing cells and cellular

debris through a process of engulfment called phagocytosis. Macrophages are the first line of

defense against foreign invaders and are critical in the innate and adaptive immune responses.

Macrophages are widely distributed throughout the body and participate in a wide range of

physiological and pathological processes. These cells are highly versatile, adapting their

functions depending on their environment and activation status. Their functions include antigen

presentation, anti-bacterial and antitumor activity, and the secretion of a wide variety of

regulatory peptide factors, prostanoids, and enzymes.17 Macrophages adopt different phenotypes

that are involved in both inflammation and regeneration. It is widely recognized that

macrophages behave on a continuum, yet they can be classified as two extreme polarization

phenotypes: classically-activated M1 and alternatively-activated M2. Non-activated M0 or

simplified as M0 macrophages can differentiate into either classically-activated M1 or

alternatively-activated M2 macrophages. M0 macrophages will polarize and assume different

functional phenotypes when exposed to specific pro- or anti-inflammatory stimuli and other

biological cues.10 M1 macrophages respond to sites of injury creating inflammation through

secretion of pro-inflammatory cytokines and chemokines such as tumor necrosis factor-α

(TNFα), interleukin-6 (IL-6), monocyte chemoattractant protein-1 (MCP-1) and others.3 M2

macrophages are involved in wound healing and tissue repair reducing inflammation through

secretion of anti-inflammatory cytokines such as interleukin-10 (IL-10), chemokine ligand 13

(CCL13), chemokine ligand 18 (CCL18), and others.4,7 While M1 macrophage activity promotes
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tissue inflammation, M2 macrophage activity suppresses inflammation and stimulates

regeneration.

Hypoxia

Oxygen is important to life and impacts various physiological processes. In the human

body, blood delivers nutrients like oxygen to all cells and if disrupted, can cause areas of low

oxygen tension or specifically hypoxia leading to damaged tissues and organs. Recently, several

studies have found that patients infected with SARS-CoV-2 show signs of hypoxia or namely

silent hypoxia that induces stress through an inflammatory storm damaging the heart in patients

with COVID-19.16

As the COVID-19 still spreads and acts as a threat across the world, it is imperative to

investigate the mechanism behind this phenomenon. In inflamed tissues, hypoxic zones arise

driving cells in the heart to react to this hostile microenvironment. Hypoxia, depending on degree

and duration, can greatly affect the function of not only the heart tissue but other cells including

macrophages.14 As macrophages are of paramount importance as the first line defense, it has long

been considered that these cells must be equipped to cope with and function in hypoxic areas.

Macrophages are the predominant immune cell type involved and are present in all stages of the

response after injury and hypoxia immobilizes macrophages such that they accumulate in

hypoxic regions.
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Chapter 2: Effect of culture media on macrophage function

2.1 Background

Cardiomyocytes are typically cultured in M199 media, while bone marrow derived

macrophages (BMDMs) are usually cultured in D10 media. Cardiomyocytes are first seeded in

M199 media with 10% fetal bovine serum (FBS) and after 3 days of seeding are fed M199 media

with 2% FBS. On the other hand, BMDMs are first seeded in D10 media and after 3 days of

seeding are fed with the same D10 media. Cardiomyocytes have been previously shown to not

grow and survive well in macrophage D10 media.5 On the other hand, it has not been widely

studied how macrophages survive and behave in cardiomyocyte M199 media. Macrophage and

cardiomyocyte function can differ in response to the culture medium. Therefore, to ensure proper

co-culture of cardiomyocytes and BMDMs, cardiomyocyte and macrophage media were

assessed by observing their influence on cytokine secretion to determine the optimal conditions

and evaluate the behavior. Specifically, three proinflammatory cytokines and chemokines were

tested for their importance in macrophage activity (Table 1.1).

Table 1.1 Functions of cytokines and chemokines

Cytokine Function Inflammation

TNFa proinflammatory,
proangiogenic, and cytotoxic

UP

IL-6 proinflammatory UP

MCP-1 chemokine UP
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2.2 Materials and Methods

Macrophage Cell Isolation & Culture

Femurs from adult female rats were harvested. Bone marrow was flushed with rat D10

media. Cells were treated with ACK lysis buffer (Thermo Fisher) to lyse red blood cells,

centrifuged, resuspended, and seeded in D-10 media. D-10 media is composed of high-glucose

DMEM supplemented with 10% heat-inactivated FBS, 2 mM L- glutamine, 100 U/ml penicillin,

100 μg/ml streptomycin (Thermo Fisher), and 10% conditioned media from CMG 14–12 cell

expressing recombinant rat macrophage colony stimulating factor (M-CSF) (Biolegend) to

induce differentiation to rat BMDMs. Once seeded on non-treated polystyrene Petri dishes,

media was replaced in 3 days and BMDMs were cultured for 7 days to achieve mature BMDMs.

After culture, BMDMs were dissociated using a cell dissociation buffer (Thermo Fisher) and

stored in a liquid nitrogen tank at a density of 3 million cells/ml.

In preparation for an experiment, cells were seeded with M199 media in 12 well plates at

350,000 cells/ml, a density that has previously been used to examine the effect of cytokines on

macrophages. M199 media is supplemented (Gibco) supplemented with 10% Heat-inactivated

FBS (Gibco), 10 mM HEPES (Gibco), 1x MEM non-essential amino acids (Gibco), 20 mM

glucose, 2 mM L-glutamine (Gibco), 1.5 μM vitamin B-12 (Sigma-Aldrich), and 100 U/ml

penicillin (Sigma-Aldrich). For cytokine stimulation of M1 phenotype, BMDMs were stimulated

6 hours after seeding with a combination of 1.0 ng/ml of E. coli-derived LPS (Sigma-Aldrich),

1.0 ng/ml of recombinant murine IFN-g (R&D Systems).
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Cytokine Secretion via Enzyme-linked Immunosorbent Assay

Supernatants of BMDMs were collected and TNFα, IL-6, and MCP-1 secretion levels

were assessed by enzyme-linked immunosorbent assay (ELISA) following manufacturer’s

protocol (BioLegend).

Statistical Analysis

The data are from three different rats and values are represented as mean ± SEM.

Statistical analysis was performed with p < 0.05 to be statistically significant. Data were

analyzed using a student’s two-sided t-test assuming equal variance.

2.3 Results

BMDMs were cultured in macrophage D10 media, cardiomyocyte M199 2% FBS media,

and cardiomyocyte M199 10% FBS media to assess the cytokine secretions of TNFα, IL-6, and

MCP-1 in response to LPS. When comparing amongst all three media for M0 macrophages,

there were no significant changes in cytokine secretions of TNFα, IL-6, and MCP-1. While

comparing 2% and 10% FBS of M199 media, there were no significant differences in TNFα,

IL-6, and MCP-1 secretion for M1 macrophages. When comparing D10 media to M199 2% FBS

and 10% FBS media, there was a significant increase in TNFα, IL-6, and MCP-1 secretion for

M1 macrophages. M1 macrophages secreted greatest cytokines in M199 10% FBS media with

1718.7 pg/ml for TNFα, 1440.3 pg/ml for IL-6, and 1112.7 pg/ml for MCP-1. Overall, there was

greater TNFα, IL-6, and MCP-1 secretion in M199 media compared to D10 media in M1

macrophage (Figure 1).
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Figure 1. Cytokine secretion of macrophages in different culture mediums. (a) TNFα, (b) IL-6, and (c)
MCP-1 cytokine secretion of M0 (blue) and M1 (orange) macrophages in D10, M199 2% FBS, and M199
10% FBS media.
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2.4 Discussion and Future Directions

In general, M1 macrophages secreted more TNFα, IL-6, and MCP-1 in either M199 2%

FBS media or 10% FBS media as compared to D10 media, suggesting M1 were more

hyperactive and pro-inflammatory in M199 media. One possible explanation is that M1

macrophages are innately pro-inflammatory, so when put in an non-optimal environment M1

macrophages will react to their environment and release more pro-inflammatory cytokines and

chemokines like TNFα, IL-6, and MCP-1. On the other hand, M0 macrophages were similar in

cytokine secretion compared between M199 media and D10 media. This suggests M0 did not

change in behavior in response to M199 media compared to optimal D10 media.

In the future, it can be interesting to explore the mechanism behind the greater response

of M1 macrophages to release more pro-inflammatory cytokines. In addition, activation of

NF-κB pathway causes transcription of proinflammatory cytokines like TNF-α and IL-6 in

macrophages,1 so it may be intriguing to also explore how gene transcription of NF-κB is

affected through media conditions as well.
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Chapter 3: Hypoxia effect on macrophages

3.1 Background

Oxygen is critical for adequate function in life and hypoxia can trigger diseases in

multiple systems such as digestive, respiratory, and cardiovascular systems.2 With the

significance of oxygen, there has been a growing interest in controlling its level in cell culture

and observing its effect on cells. Normal atmospheric oxygen levels are at 21%, while

physiological oxygen levels range from 6 to 7%. Areas with severe oxygen levels can range from

<1% to 3%.9 To introduce hypoxic conditions in cell culture, current popular approaches use

either chemicals or hypoxia chambers. Although chemicals can bring about greater effects by

blocking cells from receiving oxygen, they are usually very toxic and harsh onto cell survival.15

Meanwhile, hypoxia chambers create a low oxygen environment for cells to incubate, so a

hypoxia chamber is more beneficial and less extreme to induce hypoxia on cells. The

effectiveness of the hypoxia chamber model was evaluated through quantifying cytokine

secretion. Depending on the environment, macrophages can transform into different states that

lead to uncontrolled production of inflammatory cytokines resulting in continuous injury in the

heart, so it is intriguing to see how hypoxia may affect cardiomyocyte and macrophage

interactions.

3.2 Materials and Methods

Macrophage Cell Isolation & Culture

Similar to macrophage cell culture for media experiments, bone marrow from adult rat

femurs were collected and differentiated to mature BMDMs. In preparation for an experiment,
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cells were seeded with M199 media in 12 well plates at 350,000 cells/ml. For cytokine

stimulation of M1 phenotype, BMDMs were stimulated 6 hours after seeding with a combination

of 1.0 ng/ml of E. coli-derived LPS (Sigma-Aldrich), 1.0 ng/ml of recombinant murine IFN-g

(R&D Systems).

Cardiomyocyte Cell Isolation & Culture

Neonatal rat ventricular myocytes (NRVMs) were harvested from ventricles of neonatal

rats. The fragments of ventricles were treated with 1 mg/mL trypsin. Trypsin solution was

removed from the cell suspension and M199 culture medium was added to the tissues.

Cardiomyocytes were isolated and seeded at 75,000 cells/well in a 6-well tissue culture plate for

a sparse monolayer of cardiomyocytes. After seeding, cells were incubated in M199 10% FBS

media at 37°C with 5% CO2 for 24 hours. To remove dead cells, the wells were washed and

replaced with fresh M199 10% FBS media. After 48 hours, the media was changed to M199 2%

FBS media to ensure cardiomyocyte health and limited fibroblast proliferation.

Hypoxia Chamber

The hypoxia chamber or specifically gas treatment chamber BIO-V from Noxygen was

used to incubate the cells under a controlled environment for oxygen, temperature, and pressure.

A custom MATLAB code was used to determine oxygen concentration using the calibration

curve. The temperature was set to 37 °C to mimic the same temperature in the incubator and

software intact to check the temperature. The purpose of the code was to create a script for get

red-y software from vogtlin instruments to control the hypoxia chamber. The hypoxia was

controlled using varying levels of nitrogen, oxygen, and carbon dioxide gas. The total flow of

gases was set at 50 ml/min and the percentages of gas were determined from a partial amount of
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50 ml/min. Initially, 6 minutes of incubation is set prior to proper gas percentages for the gases to

equilibrate. Once equilibrated, the proper percent of oxygen held for the amount of time needed

to induce hypoxic conditions.

Hypoxia Treatment

BMDMs and cardiomyocytes were separately placed into the hypoxia chamber at varying

time points and percentages of oxygen levels. Cardiomyocytes were treated under hypoxic

conditions at 1% O2 for 30 minutes, 1 hour, 3 hours, 6 hours, and 24 hours. The control was the

cardiomyocytes placed in the incubator. In addition, macrophages were put with M199 media

and put under hypoxia chamber at 1% and 3% O2 levels for 1 hour and 6 hours. The control was

the macrophages placed in the incubator. These oxygen levels were chosen in accordance with

previous studies on hypoxic levels found in the body.

Cytokine Secretion via Enzyme-linked Immunosorbent Assay

Supernatants of BMDMs and cardiomyocytes were collected. TNFα, IL-6, and MCP-1

secretion levels were assessed by ELISA following manufacturer’s protocol (BioLegend). In

addition, BMDMs were also treated with these hypoxia-treated cardiomyocyte media after

seeding and analyzed through ELISA for its cytokine release including TNFα, IL-6, and

MCP-1.

Statistical Analysis

The data are from three different rats and values are represented as mean ± SEM.

Statistical analysis was performed with p < 0.05 to be statistically significant. Data were

analyzed using a student’s two-sided t-test assuming equal variance.
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3.3 Results

Comparing the cytokine levels released in the hypoxic cardiomyocyte media to control in

normoxia, TNFα, IL-6, MCP-1 expression increased for 1% O2 levels over longer periods of

hypoxia treatment. IL-6 and MCP-1 secretions were significantly different after 1 hour but not

significantly different for TNFα. The greatest level of cytokine release was at 3 hours at 1% O2

levels at 7.7 pg/ml for TNFα, 25.7 pg/ml for IL-6, and 28.7 pg/ml for MCP-1 (Figure 2).

TNFα, IL-6, and MCP-1 secretion in the supernatant of macrophages treated with

hypoxic cardiomyocyte media were significantly greater than the control (Figure 3). With longer

periods of hypoxia treated supernatants in 1% O2 levels, both M0 and M1 similarly increased in

secretion of TNFα, IL-6, and MCP-1. The greatest level of cytokine release for M0 was at 6

hours at 1% O2 levels at 225.6 pg/ml for TNFα, 340.5 pg/ml for IL-6, and 216.6 pg/ml for

MCP-1. The greatest level of cytokine release for M1 was at 6 hours at 1% O2 levels at 5609.5

pg/ml for TNFα, 7892.3 pg/ml for IL-6, and 4328.9 pg/ml for MCP-1. M1 had drastically higher

secretions of cytokines compared to M0 macrophages (Figure 3).

For BMDMs directly placed into the hypoxia chamber for 1% and 3% O2, TNFα, IL-6,

and MCP-1 secretion is greater in 1% O2 than 3% O2. The expression of these cytokines at 3% O2

level was not as of a drastic difference compared to the 1% O2 level. Both M0 and M1 show

similar results with increasing secretion of TNFα, IL-6, and MCP-1 over longer periods of

hypoxia in 1% and 3% O2 levels. The greatest level of cytokine release for M0 was at 6 hours at

1% O2 levels at 259.6 pg/ml for TNFα, 378.2 pg/ml for IL-6, and 246.2 pg/ml for MCP-1. The

greatest level of cytokine release for M1 was at 6 hours at 1% O2 levels at 5942.3 pg/ml for

TNFα, 8215.6 pg/ml for IL-6, and 4408.1 pg/ml for MCP-1. Similarly to hypoxic cardiomyocyte
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media, M1 had drastically higher secretions of cytokines compared to M0 macrophages (Figure

4).
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Figure 2. Cytokine secretion in cardiomyocytes with hypoxia treatment. (a) TNFα, (b) IL-6, and (c)
MCP-1 cytokine secretion of cardiomyocytes in 1% O2 with different time points of 30 minutes, 1 hour, 3
hours, 6 hours, and 24 hours. The control refers to cardiomyocytes placed in the incubator at atmospheric
level.
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Figure 3. Cytokine secretion in macrophages with hypoxic cardiomyocyte supernatant treatment. (a)
TNFα, (b) IL-6, and (c) MCP-1 cytokine secretion of M0 (blue) and M1 (orange) macrophages in
supernatant treated with 1% O2 hypoxic cardiomyocyte media. The control refers to macrophages treated
with cardiomyocyte supernatant that were placed in the incubator at atmospheric level.
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Figure 4. Cytokine secretion in macrophages with direct hypoxic treatment. (a,b) TNFα, (c,d) IL-6, and
(e,f) MCP-1 cytokine secretion of M0 and M1 macrophages in 1% O2 hypoxia chamber (blue) and 3% O2
hypoxia chamber (orange). The control refers to macrophages placed in the incubator at atmospheric
level.
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3.4 Discussion and Future Directions

From these data, hypoxia significantly changed secretion of IL-6 and MCP-1, but not

TNFα in cardiomyocytes. This indicates the cardiomyocytes from neonatal rats did increase in

inflammation in reaction to the hypoxia. Other studies have shown expression of TNFα and IL-6

in cardiomyocytes significantly increasing in response to hypoxia.12-13

Meanwhile, the supernatants of cardiomyocytes with hypoxia treatment had increased the

cytokine release of TNFα, IL-6, and MCP-1 for M0 and M1 macrophages, suggesting that

macrophages responded the stress response of cardiomyocytes and shifts towards a greater

inflammatory response.

In addition, direct hypoxia treatment on macrophages had amplified the cytokine release

TNFα, IL-6, and MCP-1 for M0 and M1 macrophages, implicating that hypoxia significantly

modifies the release of cytokines in macrophages and shifts towards a greater inflammatory

response. The non-activated M0 shifts towards a proinflammatory response against longer

periods of time and higher levels of hypoxia. The classically-activated M1 exhibits a greater

proinflammatory response against longer periods of time and higher levels of hypoxia. This

indicates less oxygen and longer periods of hypoxia brings about more inflammation in

macrophages. Prior literature shows similar results with macrophages exhibiting more

inflammation under hypoxia.17

Comparing between macrophages in hypoxia treatment to of macrophages in supernatant

of cardiomyocyte treated with hypoxia, direct hypoxia has greater cytokine release compared to

supernatant, suggesting hypoxia has a greater effect in inflammation.
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Due to time and budget constraints, only data for shorter time points were gathered;

future studies should include longer time points and alternating periods of hypoxia and normoxia

to see how chronic and cycling hypoxia affect macrophages, respectively. In addition, within this

work, specifically M0 and M1 macrophages were studied, future experiments should inquire how

alternatively-activated M2 macrophages react to hypoxic cardiomyocyte M199 media and direct

hypoxia. Other techniques could be used to confirm the pattern seen through ELISA data in this

work through flow cytometry using M1 and M2 markers like CD86 and CD163, respectively.
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Chapter 4: Conclusion

Macrophages are highly plastic cells that can change their behavior depending on the

environment that they are put in. This work explored how different culture media and hypoxia

would impact macrophage and its interactions with cardiomyocytes. In the first part of the study,

macrophages were placed into several media conditions including D10, M199 2% FBS, and

M199 10% FBS, resulting in higher proinflammatory activity of M1 macrophages with M199

media compared to normal D10 media. Further studies involving co-culture of macrophages and

cardiomyocytes are needed to have a better insight into macrophage-cardiomyocyte

communication.

Many pathological processes with macrophage involvement are characterized by

hypoxia. In the second part of the study, cardiomyocytes and macrophages were treated with

hypoxia using a hypoxia chamber. Hypoxia treatment had significantly affected secretion of

proinflammatory cytokines in both M0 and M1 macrophages and in cardiomyocytes. This

suggests M0 shifted toward proinflammation and M1 amplified in inflammation. This work will

be used as preliminary data to further investigate the mechanisms that drive

cardiomyocyte-macrophage interactions that remain largely unexplored due to technical

challenges. For future work, longer periods of hypoxia and alternating periods of hypoxia and

normoxia can be tested using a similar approach to better understand the secretion of

proinflammatory cytokines, which may be helpful to study silent hypoxia and long-term effects

of COVID-19 in patients.
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APPENDIX

Scriptmaker of various conditions for running hypoxia chamber

For pO2 = 1% for 1.0 h
Script for N2
Wait 1
Step 95%
Wait 349
Step 92%
Wait 3600
Step 0%
Wait 10

Script for CO2
Wait 1
Step 8.3333%
Wait 349
Step 8.3333%
Wait 3600
Step 0%
Wait 10

Script for O2
Wait 1
Step 95%
Wait 349
Step 5%
Wait 3600
Step 0%
Wait 10

For pO2 = 3% for 1.0 h
Script for N2
Wait 1
Step 95%
Wait 349
Step 92%
Wait 3600
Step 0%
Wait 10

Script for CO2
Wait 1

29



Step 8.3333%
Wait 349
Step 8.3333%
Wait 3600
Step 0%
Wait 10

Script for O2
Wait 1
Step 95%
Wait 349
Step 5%
Wait 3600
Step 0%
Wait 10

For pO2 = 1% for 6.0 h
Script for N2
Wait 1
Step 95%
Wait 349
Step 92%
Wait 21600
Step 0%
Wait 10

Script for CO2
Wait 1
Step 8.3333%
Wait 349
Step 8.3333%
Wait 21600
Step 0%
Wait 10

Script for O2
Wait 1
Step 95%
Wait 349
Step 5%
Wait 21600
Step 0%
Wait 10
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For pO2 = 3% for 1.0 h
Script for N2
Wait 1
Step 95%
Wait 349
Step 92%
Wait 21600
Step 0%
Wait 10

Script for CO2
Wait 1
Step 8.3333%
Wait 349
Step 8.3333%
Wait 21600
Step 0%
Wait 10

Script for O2
Wait 1
Step 95%
Wait 349
Step 5%
Wait 21600
Step 0%
Wait 10
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Rat Bone Marrow Derived Macrophages Harvest protocol
Purpose: Harvest and derive rat primary macrophages

Materials
1. One 15 ml conical tube and One 50 ml conical tube
2. One 20 G x ½ needle
3. One 5 ml syringe
4. One scissor
5. One forceps
6. Four Petri dishes

Reagents
1. Rat D10 media
2. ACK Lysis Buffer
3. PBS

Methods

1. Harvest one femur from adult female rat and remove most muscle tissue with
scissor and forceps. Place femur into 50 ml conical tube with sterile PBS and remove
remaining muscle with scissor and forceps.

2. Cut ends of femur with scissor and flush bone marrow from femur into 15 ml
conical tube using 5 ml of D10 media in syringe with needle.

· After flushing bone marrow, the bone should be more translucent

3. Spin down the cell suspension at 1000 rpm for 5 minutes at RT to pellet

· The pellet should be red indicative of the red blood cells

4. Remove supernatant and add 1 ml of ACK lysis buffer to the conical tube to lyse
red blood cells. Incubate 2-3 minutes at RT.

5. Add 10 ml of D10 media to the conical tube and spin down at 1000 rpm for 5
minutes at RT to pellet.

· The pellet should be white indicative of monocytes

6. Add 8 ml of D10 media into each Petri dish.

7. After centrifugation, remove supernatant and resuspend pellet in 8 ml of D10
media. Add 2 ml of cell suspension to seed BMDMs into each Petri dish.
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8. After 3 days, remove original D10 media and replace with 10 ml of fresh D10
media.

9. When mature at 7 days, BMDMs can be used for experiments.

10. If not using for experiments immediately, freeze down cells and store in nitrogen tank
for future usage.
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Rat Bone Marrow Derived Macrophages Hypoxia protocol
Purpose: Prepare macrophages for hypoxia environment

Materials
1. 12 well plate or any experimental well plate

Reagents
1. Rat D10 media
2. M199 10% FBS media

Equipment
1. Hypoxia chamber

Methods

1. If frozen, thaw cells and seed 350,00 cells/ml in D10 media directly into 12 well
plate to ensure sticking for at least 6 hours, then replace with M199 10% FBS media

2. If freshly harvested, seed 350,00 cells/ml in 12 well plate with M199 10% FBS
media and allow to adhere for at least 6 hours

3. For M1 and M2 conditions, stimulate macrophages overnight with corresponding
cytokines using stimulation worksheet

· LPS/IFNg for M1, LPS/IL-4/IL-13 for M2

4. Start up in order of hypoxia chamber, gas flow chamber, gas tanks, and get ready
software in computer (located in Grosberg lab)

5. Set up get ready software inputting code for proper time and percentage of
oxygen level in hypoxia chamber

6. Ensure hypoxia chamber is at 37°C prior to placing experimental plate into
hypoxia chamber for allotted time

7. After hypoxia treatment, collect supernatants and analyze through ELISA through
manufacturer protocol

34



Rat Bone Marrow Derived Macrophages Media treatment protocol
Purpose: Prepare macrophages for treating macrophages with supernatants of neonatal
ventricular rat myocytes (NVRMs) treated with hypoxia

Materials
1. 12 well plate or any experimental well plate

Reagents
1. Rat D10 media
2. Supernatants of neonatal ventricular rat myocytes (NVRMs) treated with hypoxia

Methods

1. If frozen, thaw cells and seed 350,00 cells/ml in D10 media directly into 12 well
plate to ensure sticking for at least 6 hours, then replace with supernatants of NVRMs
treated with hypoxia

2. If freshly harvested, seed 350,00 cells/ml in 12 well plate with supernatants of
NVRMs treated with hypoxia and allow to adhere for at least 6 hours

3. For M1 and M2 conditions, stimulate macrophages overnight with corresponding
cytokines using stimulation worksheet

· LPS/IFNg for M1, LPS/IL-4/IL-13 for M2

4. Collect supernatants and analyze through ELISA through manufacturer protocol
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