
A Link Between the E3 Uiquitin
Ligase, MARCH1, and Metabolism

Item Type text; Electronic Thesis

Authors Truong, Sarah Mai

Citation Truong, Sarah Mai. (2013). A Link Between the E3 Uiquitin Ligase,
MARCH1, and Metabolism (Bachelor's thesis, University of
Arizona, Tucson, USA).

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 19/05/2023 15:49:44

Item License http://rightsstatements.org/vocab/InC/1.0/

Link to Item http://hdl.handle.net/10150/311811

http://rightsstatements.org/vocab/InC/1.0/
http://hdl.handle.net/10150/311811






Abstract:  

 Obesity, type 2 diabetes, and metabolic syndrome are all detrimental health problems that 

currently plague millions of people across the globe. One of the underlying causes of insulin 

resistance in obesity is chronic inflammation in visceral adipose tissue (VAT). In this paper, we 

explore a link between metabolism and MARCH1, an E3 ubiquitin ligase that is an important 

mediator in several effector immune cells that are involved in inflammation. It was predicted that 

MARCH1-deficient mice would have dysregulated antigen presentation that would lead to more 

inflammation in VAT and therefore be more susceptible to insulin resistance. Results from our 

experiments revealed only a difference in VAT mass and VAT:Body ratios between female KO 

and WT mice. Inflammatory transcript levels of VAT showed that female KO mice had higher 

levels of leptin than WT; other cytokine transcript levels showed no significant difference. 

Adipose tissue from female KO mice also contained higher levels of leukocytes than WT mice in 

two out of three paired experiments. There was no difference between KO and WT triglyceride 

levels. Our combined results indicate that there is a potential link between MARCH1 and 

metabolism in female mice, but further studies are warranted.   

 

 

 

 

 

 

 

 

 



Introduction: 

 Metabolic diseases 

 There are currently more people in the world that are overweight or obese than there are 

people who are suffering from hunger.
1
 Obesity is rising to epidemic levels throughout the world 

and is affecting both children and adults. Metabolic syndrome, type 2 diabetes (T2D), and 

cardiovascular disease are all associated with obesity.
4
 Metabolic syndrome is a cluster of 

diseases that include hypertension, glucose intolerance, dyslipidemia, obesity, and insulin 

resistance (IR), which lead to an increased risk of developing cardiovascular disease and T2D.
5
 

T2D occurs when the body does not produce enough insulin or when the body is insulin-resistant 

(unresponsive to insulin), causing blood glucose levels to be chronically high since there is 

lowered glucose uptake in adipocytes and muscle cells.
6
 

 The immune system and metabolism 

 Although T2D and metabolism may seem unrelated to the human immune system, there 

has been increasing evidence over the past two decades that there is a correlation between the 

two. The immune system produces mediators that are involved in the regulation of insulin action. 

Normally, the body would mount an immune response to foreign pathogens by an inflammatory 

process. Inflammation is also a crucial part of the healing process during tissue damage.
7
 While 

inflammation is advantageous in many cases, uncontrolled inflammation can lead to negative 

consequences on the host, which is what happens in obesity where there is chronic inflammation 

in visceral adipose tissue (VAT).
8
 It is common knowledge that VAT is used as an energy 

storage site, however, VAT can also act as an endocrine organ that secretes adipokines.
4
 

Adipokines are chemical messengers that can affect numerous tissues throughout the body, in 

both beneficial and deleterious ways (Table 1). 

 



Table 1. Some Important Adipokines and their General Function 
4–6,8–13

 

Name of Adipokine Proposed Function 

Adiponectin Insulin sensitizer; anti-inflammatory; decreases 

with increase in adiposity 

TNF-α Impairs insulin signaling and causes insulin 

resistance; contributes to the pro-inflammatory 

state; suppresses the transcription of 

adiponectin in adipocytes 

IL-6 Stimulates CRP release from the liver; causes 

insulin resistance; contributes to the 

proinflammatory state; secreted by visceral fat 

Resistin Results in increased hepatic IR, which was 

associated with increased expression of TNF-α, 

IL-6, and SOCS-3 in the liver 

PPARγ Anti-inflammatory; PPARγ is required for the 

maturation of M2 macrophages 

Leptin Regulates appetite and energy expenditure 

(glucose homeostasis); obesity leads to leptin 

resistance; levels in blood are proportional to 

fat mass; promotes T cell proliferation and 

cytokine secretion 

Angiotensinogen Precursor for eventual production of 

angiotensin II; induces hypertension and 

insulin resistance 

  

 An excess of fat also causes a higher recruitment of macrophages into the VAT due to 

released chemokines like monocyte chemoattractant protein-1 (MCP-1). Adipose tissue growth 

during obesity eventually changes the phenotype of the macrophages that reside within the 

adipose tissue from anti-inflammatory M2 macrophages to pro-inflammatory M1 macrophages.
6
 

The changes that occur between lean and obese adipose tissue can be seen in Figure 1. The 

predominance of M1-like macrophages leads to a release of pro-inflammatory molecules (TNF-

α, IL-6, IL-1β, resistin, and free fatty acids) that further exacerbate the chronic inflammation and 

also leads to insulin resistance by interfering with the insulin pathway.
6
 Pro-inflammatory 

cytokines, free fatty acids, and excess nutrients can impair insulin signaling through pathways 

that usually lead to inhibitory serine phosphorylation of the insulin receptor or insulin receptor 



substrate. When the insulin pathway is disrupted, there will be reduced glucose transport into 

cells because GLUT4 cannot be transported to the cell surface, causing insulin resistance that can 

lead to hyperglycemia and T2D.
10

 

 

Figure 1.
6
 Changes in Immune System Cells in VAT due to Inflammation during Obesity: 

Obesity causes inflammation that changes the dominance of anti-inflammatory M2-like 

macrophages to a mixed phenotype of both M2-like and pro-inflammatory M1-like macrophages 

in VAT.  

 

 In order to prevent chronic inflammation in VAT, the body must tightly regulate effector 

immune cells, which contribute significantly to inflammation. In normal individuals, the body 

can control inflammation by anti-inflammatory cytokines like IL-10, IL-4, and IL-13, (secreted 

by regulatory T cells) which induce anti-inflammatory M2 macrophages and prevents 

macrophage infiltration into VAT.
6
 Notably, it has been experimentally demonstrated that IL-10 

induces transcription of Membrane-associated RING-CH 1 (MARCH1), an E3 ubiquitin ligase 

found in antigen presenting cells (APCs) that decreases the expression of key antigen 

presentation molecules.
2,3

 



 Antigen presentation and MARCH1 

 MHC class II and CD86 are proteins that play an essential role in antigen presentation by 

APCs like macrophages, B cells, and dendritic cells (DCs). When encountering a foreign 

antigen, APCs use MHC class I and class II and co-stimulatory molecules to present their 

findings to receptors on T lymphocytes, causing CD4+ and CD8+ T cell activation.
14

 MARCH1 

down regulates the surface expression of MHC class II and CD86 by adding ubiquitin, thereby 

signaling for its internalization and degradation. MARCH1-mediated MHC II ubiquitination 

plays a vital role in DC regulation of antigen presentation, DC maturation, and DC-mediated 

regulatory T cell development. 
14–16

 The more mature a DC is, the more potent it is as a T cell 

activator. Immature DCs have low surface expression of MHC II and CD86 (due to MARCH1 

expression) compared to mature DCs where MARCH1 is down regulated.
16

 

 Model 

 MARCH1 is a key player in immune system regulation and this paper explores an 

unexpected, potential link between MARCH1 and metabolism. What led us to pursue this 

possible relation was that while working on MARCH1-deficient mice (knockout; KO), we 

noticed a tendency that these mice had an "obese" phenotype compared to the wild-type (WT) 

mice. Since MARCH1 suppression is required for DC maturation, it is predicted that MARCH1 

deficient mice would have a higher level of mature APCs and therefore a higher level of antigen 

presentation. Higher antigen presentation would lead to more T lymphocyte activation and an 

immune response that releases pro-inflammatory factors. Indeed, it has been reported that 

MARCH1-deficient mice have altered antigen presentation, though reports have been conflicting 

regarding whether MARCH1 loss increases or decreases antigen presentation by dendritic 

cells.
14,17

 Importantly, MARCH1-deficient mice have been shown to have reduced levels of 



regulatory T cells, which would normally play an immunosuppressive role that prevents 

inflammation during obesity.
6,14,18,19

 MARCH1 is a key mediator in IL-10’s ability to regulate 

inflammation, so without MARCH1, the body would lose an important anti-inflammatory 

pathway.
20

 Overall, it is hypothesized that MARCH1-deficient mice would lose some anti-

inflammatory mechanisms while at the same time have more activated T cells that release pro-

inflammatory cytokines that make mice more susceptible to chronic inflammation in VAT and 

therefore more likely to develop insulin-resistance and type 2 diabetes. It is noteworthy that a 

recent genome-wide association study reported an association between MARCH1 and T2D in 

humans.
21

 Therefore, this research lays a foundation for understanding how antigen presentation, 

regulated by MARCH1, can impact a growing health problem in humans.  

 

Methods and Materials: 

 Mice 

 MARCH1 -/- mice were obtained from Dr. Satoshi Ishido (RIKEN Institute). C57BL/6 

mice were housed and bred at the University of Arizona Animal Facility in accordance with the 

Principles of Animal Care (NIH publication No. 85–23). All experimental protocols were 

approved by the University of Arizona Institutional Animal Care and Use Committee. Mice were 

maintained on Teklad Global 2019 chow or NIH-31 chow (Harlan) containing 22% calories from 

fat (Breeder Chow) and 14% calories from fat, respectively. For high‐fat diet experiments, mice 

were fed Teklad TD.06415 containing 45% calories from fat. For low- fat diet experiments, mice 

were fed NIH-31 chow containing 14% calories from fat. All mice used for experiments were 

between the ages of 9-35 weeks. Mice were typically fasted for 4 hours and then euthanized in a 

CO2 chamber before dissection for most experiments unless stated otherwise 



 Liver Histology 

 Slices of liver were taken and snap frozen in dry ice. Samples were sent to University of 

Arizona's CMM histology services laboratory, where the liver samples were prepped into 

histology slides using hematoxylin and eosin staining or Oil Red O staining.  

 Liver Triglyceride Assay  

 Liver tissue was quickly removed from mice and frozen at -80°C. Frozen liver samples 

were powdered with a pestle and mortar. Liver samples were then homogenized in 

chloroform/methanol (2:1) and lipids were extracted using the Folch method. Samples were 

dissolved in t-Butanol: Triton X-100: MeOH buffer and triglyceride levels were measured 

spectrophotometrically using a triglyceride assay kit per manufacturer's instructions and 

according to the method of Renquist, et al.
22

 

 Antibodies 

 Mouse anti‐HA (influenza hemagglutinin epitope) antibody (clone 6E2) was acquired 

from Cell Signaling Technology. Rat anti‐mouse MHC class II (clone M5/114.15.2) and hamster 

anti-CD11c (clone N418) were obtained from BD Biosciences. F4/80, Ly6c, CD45, and CD3 

antibodies were obtained from eBiosciences. 

 Flow Cytometry  

 VAT was obtained from mice and minced with a razor blade. Tissue was digested with  

collagenase (Sigma, 3.3 mg/ml) in KHRB buffer (30mM HEPES pH 7.4, 1mM CaCl2, 120mM 

NaCl, 4mM KH2PO4, 1mM MgSO4, 10mM NaCO3, 200nM adenosine) containing 2% 

Fraction-V BSA (Sigma). Digestion proceeded with gentle shaking at 37°C for 40 minutes. 

Samples were washed 5x with PBS and centrifuged at 4000 rpm at 4°C for 3 minutes, with 

collection of SVF pellets in-between washes. Collected SVF was filtered and used for antibody 



staining. Splenocytes were used as the control for FACS. SVF and spleens were washed 2x using 

FACS buffer (PBS, 1% BSA, 0.05% sodium azide). Fc-receptor block by anti-CD16/32 antibody 

(clone 2.4G2; BD Biosciences or as hybridoma supernatants) was added and samples were 

incubated on ice for 20 minutes and then washed 2x.  Primary antibodies were added and 

samples were incubated for 30 minutes on ice while covered. Samples were washed 3x and then 

fixed with an equal amounts of 1% paraformaldehyde in PBS. Samples were then analyzed using 

a FACS Caliburcytometer (BDBiosciences) and data was analyzed using FlowJo (Treestar) 

software. 

 Real‐Time quantitative RT‐PCR (qPCR) 

 Total RNA was collected from tissue samples (adipocytes and spleen) by using the 

Qiagen RNeasy kits per manufacturer's instructions. RNA quantification was obtained 

spectrophotometrically using Nanodrop. Reverse transcription of RNA was done by using Roche 

Transcriptor First Strand cDNA synthesis kit per manufacturer's instructions. Real‐time 

quantitative PCR was performed using reagents from LightCycler® 480 SYBR Green I 

Masterkit (Roche) per manufacturer's instructions. Transcript levels were normalized to HPRT 

expression. Each sample was performed in triplicate. Primers used were obtained from Fischer 

Scientific and can be seen in Table 2.  

 

Table 2. Primers Used for qPCR 

Primer Sequence (5’ to 3’) 

MARCH1F ATGAGCAACATGACCAGCAGCCAC 

MARCH1 R TCTGCAGTTGGCAGTGTATTTGAACC 

MHC II F (IA‐betaqPCR‐F) CATCACTGTGGAGTGGAGG 

MHC II R (IA‐betaqPCR‐R) CTCGAGGTCCTTTCTGACTC 

MCP‐1F TGGGCCTGCTGTTCACAGTTGC 

MCP‐1R GCTTCTTTGGGACACCTGCTGCT 

F4/80 F ACAACCAGACGGCTTGTGCCA 

F4/80 R TGATGCTTGCCAAGGGGCCAA 

FoxP3 F CAGCTGCCTACAGTGCCCCTAG 



FoxP3 R CATTTGCCAGCAGTGGGTAG 

IL-4 F AACGAGGTCACAGGAGAAGGGACG 

IL-4 R ATGCGAAGCACCTTGGAAGCCC 

IL-6 F TGACAACCACGGCCTTCCCTACT 

IL-6 R AGCCACTCCTTCTGTGACTCCAGC 

IL-10 F TGGCCCAGAAATCAAGGAG 

IL-10 R GAGAAATCGATGACAGCGC 

TNF-α F CTGTAGCCCACGTCGTAGC 

TNF-α R TTGAGATCCATGCCGTTG 

CD206 F AACAGGCGATCCCTCTGGTGAACG 

CD206 R TGCAACGCCGGCACCTATCA 

Adiponectin F CACACCAGGCCGTGATGGCA 

Adiponectin R GAAGCCCCGTGGCCCTTCAG 

Leptin F TCGGTTCCTGTGGCTTTGGTCCT 

Leptin R AGTGACCCTCTGCTTGGCGGAT 

 

Results: 

 In order to determine whether these MARCH1 KO mice really did have a consistent 

tendency to be more obese than their WT counterparts, we conducted age- and gender-matched 

experiments with normal, low, and high fat chow diets. After multiple controlled experiments 

that spanned several months, we noticed differences between WT and KO mice only in female 

experiments. Figure 2 shows four paired female experiments where the weight (mass) of VAT 

was measured. All four experiments showed that female KO mice had more VAT than female 

WT mice who were of the same age and on the same diet. In Figure 3, we combined the data 

from all four experiments from Figure 2 and normalized them, meaning that in each experiment, 

the WT average VAT was designated as “1”, and then all the points were normalized to that 

amount. The p-value of the data is p=0.0085, and is therefore statistically significant that the 

female KO mice had more VAT than the WT mice. Not only did we look at VAT weight 

amount, but also the VAT:Body mass ratio of both males (Figure 4) and females (Figure 5). As 

can be seen in Figure 4, the VAT:Body ratio over time of WT and KO male mice had no 

statistically significant difference. In Figure 5, there is a statistically significant difference in the 



elevation of the lines between the WT and KO VAT:Body ratio, indicating that KO mice have a 

higher VAT:Body ratio irrespective of age, although the trend was for the difference to become 

greater with age. Figure 6 shows the VAT:Body ratio of five paired female experiments and 

Figure 7 shows the combined and normalized data of those five experiments. For Figure 7, the p-

value of the data is p=0.0022, showing that KO females have statistically significant higher 

VAT:Body ratio compared to WT females in the five experiments combined.  

 To further test these changes, we looked at liver sections of KO and WT mice to check 

for steatosis (accumulation of fat). The results were inconclusive, with some WT and KO 

showing signs of steatosis while others normal liver. Both the WT and KO mice on HFD tended 

to have more severe steatosis than the WT and KO mice on LFD.  Figure 8A shows an example 

of the liver histology we looked at with severe steatosis compared to one with mild steatosis 

(Figure 8B). Since liver histology was qualitative, we decided to do a liver triglyceride assay to 

quantify the triglyceride levels in the liver of WT and KO mice. Table 3 shows the data, where 

there was not a significant difference in triglyceride levels between WT and KO mice in the 

combined experiments. WT and KO mice that were either on HFD or were older in age tended to 

have higher triglyceride levels than WT and KO mice that were on LFD or younger in age. 

 Obesity has been associated with an increase in inflammation of adipose tissue. 

Therefore, we examined the cell types present in the stromal vascular fracture (SVF) using flow 

cytometry (FACS). Figure 9 shows an example of flow cytometric analysis on the SVF of WT 

and KO mice. The gated region in the upper right quadrant of each graph are displaying cells that 

are positive for both CD11b and F4/80, which are markers found in macrophages. The KO male 

mouse shows a relatively large amount of macrophage infiltration (37.5%) compared to the WT 

female mouse (2.3%). Overall, however, we have not really seen any consistent results with 



macrophage infiltration using FACS on multiple paired experiments. One thing we did notice 

using FACS during paired experiments was that KO mice had increased leukocytes in the 

visceral adipose compared to WT mice in two of the three paired experiments (Figure 10). With 

the experiments normalized and combined (Figure 11), the KO mice had higher white blood cells 

per gram of adipose tissue compared to WT mice with a p-value of 0.069 (not quite significant).  

 In order to determine if there was a difference in the environment of the VAT of KO and 

WT mice, we looked at transcript levels of various adipokines and cytokines that are affected 

during inflammation using qPCR. Figure 12 shows relative mRNA expression in VAT with only 

a statistically significant difference in MARCH1 (to prove KO is really KO) and leptin (females, 

15 weeks, 2 weeks HFD). Two other paired experiments also showed a significant difference in 

leptin levels between KO and WT although data is not shown in any figures (15 weeks, LFD and 

25 weeks, LFD). The transcript levels of the other cytokines showed no statistical significant 

differences in combined data although individual experiments had varying results. 

Results (Figures): 

 

Figure 2. Visceral Adipose Tissue Comparison in Paired Experiments - Females: 
Experiment #1 were from females 10 weeks of age on LFD. Experiment #2 were females 15 



weeks of age on LFD. Experiment #3 were females 14 weeks of age on 1 week of HFD. 

Experiment # 4 were females 15 weeks of age on 2 weeks of HFD. In each experiment, KO 

females had a higher amount (g) of visceral adipose tissue compared to WT females. 

 

 

Figure 3. Visceral Adipose Tissue Comparison in Paired Experiments (Normalized and 

Combined) - Females: Data from the four experiments from Figure 2 was combined and 

normalized (in each pair, the WT average VAT was designated as “1”, and then all the points 

were normalized to that amount). The p-value of the data is p=0.0085, and is therefore 

statistically significant. Overall, KO females have higher VAT compared to WT females. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Ratio of VAT to Body Mass as a Function of Age - Males: Data collected from KO 

and WT male mice between ages of 11 - 27 weeks. Linear regression analysis was performed to 

determine the slopes and elevations of the lines. There was no statistical significance in 

VAT:Body between the WT and KO mice.  
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slope: P=0.1342 

elevation: P=0.003437 

 

 

 

Figure 5. Ratio of VAT to Body Mass as a Function of Age - Females: Data collected from 

KO and WT female mice between ages of 9 - 28 weeks. Linear regression analysis was 

performed to determine the slopes and elevations of the lines. If the overall slopes were identical, 

there is a 13% chance of randomly choosing data points with slopes this different, therefore the 

slopes are not significant. If the overall elevations were identical, there is a 0.34% chance of 

randomly choosing data points with elevations this different. You can conclude that the 

differences between the elevations are very significant. 
 

 

 

 

 

 

 

 

 

Figure 6. Ratio of VAT to Body Mass for Five “Paired” Experiments - Females: Experiment 

#1 were from females 10 weeks of age on LFD. Experiment #2 were females 15 weeks of age on 

LFD. Experiment #3 were females 14 weeks of age on 1 week of HFD. Experiment # 4 were 

females 15 weeks of age on 2 weeks of HFD. Experiment #5 were females 25-28 weeks of age 

on LFD. All experiments show that KO females have higher VAT:Body ratios than WT females 

on average.  
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Figure 7. Ratio of VAT to Body Mass for Five “Paired” Experiments (Normalized and 

Combined) - Females: Data from the five experiments from Figure 6 was combined and 

normalized (In each experiment, the WT average VAT:Body was designated as “1”, and then all 

the points were normalized to that amount). The p-value of the data is p=0.0022, and is therefore 

statistically significant. Overall, KO females have higher VAT:Body ratio compared to WT 

females. 

 
 

 

A. WT                                                              B. KO 

Figure 8. Liver Histology: Liver sections were stained using Oil Red O. The picture on the left 

(A) is of a liver from a WT female, 15 weeks of age on the HFD. The red circles indicate lipid 

droplets in the liver. Picture A indicates severe liver steatosis. The picture on the right (B) is of a 

liver from a KO female, 15 weeks of age on the HFD. Picture B has less lipid accumulation than 

picture A.  
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Table 3. Liver Triglyceride Levels (%) 

Diet Age (Weeks) KO Females WT Females 

LFD 23 3.83  

22 2.94 2.43 

LFD 15 1 1.8 

15 0.7 0.8 

15 1.3 1.6 

2 Weeks HFD 15 1.3 2.4 

15 1.7 1.5 

15 1.5 1.4 

Average % 1.78 1.70 

 

Table 3. Liver Triglyceride Levels (%) - Females: Liver triglyceride levels were measured for 

three paired experiments. There were no statistically significant differences between the average 

triglyceride levels from combined experiments between the KO and WT females. Mice that were 

older in age had higher triglyceride levels than mice younger in age. Mice that were on HFD had 

higher triglyceride levels than mice on LFD of the same age.  

 

 
 

Figure 9. Flow Cytometric Analysis of Adipose Stromal Vascular Fraction (SVF): This is an 

example of flow cytometric analysis on the SVF of KO and WT mice. The SVF cells were 

stained with CD11b and F4/80 antibodies, which are proteins found on macrophages. The gated 

area in the upper right quadrant of each graph displays cells that are CD11b+ and F4/80+, 



indicating that they are macrophages. The WT is a 34 week old female and shows that only a 

small portion (2.3%) of the cells in the visceral SVF are macrophages. The KO is a 32 week old 

male that shows 37.5% of cells in the visceral SVF are macrophages. The unstained SVF is the 

control.  

 

 

 

 

 

 

 

 

Figure 10. FACs - WBCs per gram of VAT - Females: This graph shows absolute numbers of 

white blood cells (CD45+) per gram of visceral adipose tissue in WT and KO female mice. The 

females were ages 10 weeks (Exp. 1 - LFD), 15-18 weeks (Exp. 2 - LFD), and 25 weeks (Exp. 3 

- LFD). The first two experiments showed a statistically significant difference between the KO 

and WT mice, with KO mice showing more WBCs per gram of VAT. The third experiment 

showed no significant difference.  

 

 

 

 

 

 

 

 

 

Figure 11. FACs - WBCs per gram of VAT (Normalized and Combined) - Females: Data 

from the three experiments from Figure 11 were combined and normalized. KO mice have 
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increased leukocytes in the visceral adipose compared to WT mice although the p-value is 0.069 

(not statistically significant).  

 

 

Figure 12. Relative mRNA Expression Visceral Adipose Tissue - Females: qPCR was done 

on female KO and WT mice that were 15 weeks old on 2 week HFD. The relative mRNA 

expression of each gene were normalized to the housekeeping gene (HRPT). Only MARCH1 and 

Leptin showed a statistically significant difference between the WT and KO mice according to 

pair‐wise t-tests.   

 

 

Discussion: 

 After multiple age-, gender-, and diet-paired experiments, our results indicate there could 

be a link between MARCH1 and metabolism, at least in female mice (data from male mice was 

equivocal). Only the KO females had statistically significantly higher VAT amounts and 

VAT:Body ratios compared to WT females. Because of this, the majority of the results from 

FACS and qPCR are from female paired-experiments only. FACS showed that the KO female 

mice tended to have more leukocytes in their VAT compared to WT females, which could 

indicate a higher state of inflammation. When looking at cytokine transcript levels, only leptin 

showed a significant difference in these experiments. The KO mice had slightly higher levels of 



leptin, which agrees with the concept that leptin levels are proportional to fat mass (leptin 

resistance occurs in obesity).
23

 Leptin has also been shown to promote T cell proliferation, 

cytokine secretion, and contributes to the initiation of the inflammation cascade.
6,13

 Evidence of 

a higher VAT:Body ratio, more immune cells in VAT, and higher levels of leptin in female KO 

mice could indicate that MARCH1 deficiency is promoting the development of a premature 

stage of the Metabolic Syndrome.  

 The failure to see consistent immune cell type and inflammatory gene expression 

differences could be due to our hypothesis being incorrect about how MARCH1 deficiency 

would lead to faster dendritic cell maturation and therefore higher antigen presentation. The 

results in our experiment could indicate that loss of MARCH1 actually leads to a decrease in 

antigen presentation because dendritic cells become abnormal and non-functional since 

MARCH1 is an important player in their maturation process.
17

 MARCH1 deficiency could 

possibly have both pro-inflammatory (loss of IL-10/MARCH1 pathway) and anti-inflammatory 

(less antigen presentation and less T cell activation) effects through different processes which 

counteract each other, leading to only subtle changes in the inflammation state of VAT, as seen 

in our experiment. Alternatively, our hypothesis may be correct, but would only be apparent by 

examining more mice or by performing more comprehensive gene expression analyses (such as 

microarray analyses). 

 When examining liver histology sections, there was too much inconsistency to come to a 

conclusion on whether MARCH1 deficient mice had a higher chance for liver steatosis. A liver 

triglyceride measurement was taken to obtain a more quantifiable picture of what was occurring 

in the liver. Results from the liver triglyceride assay showed that there was no statistical 

significance between the liver triglyceride levels of the female WT and KO mice. Preliminary 



tests of blood glucose levels were taken of the mice and showed promising results, however no 

recent glucose levels were measured from the paired experiments. In order to better our research 

and to generate more reliable data, we would need to conduct our experiments on a larger scale 

with more closely paired mice and then consistently test for the same things in each experiment. 

We could also broaden the age range for paired experiments since the oldest paired experiments 

were only 25 weeks of age. For future studies, measuring the blood glucose levels and 

performing a glucose tolerance test (GTT) and insulin tolerance test (ITT) on paired experiments 

would help determine if there was any inclination of insulin resistance in MARCH1-deficient 

mice. In conclusion, our current research has suggested that there is a potential link between 

MARCH1 and metabolism, however, the impact of MARCH1 and antigen presentation in 

inflammation and insulin resistance may be more subtle than originally thought and may be 

influenced by environmental factors. There is still much to learn about the complex regulation of 

inflammation during obesity and determining MARCH1's role in the matter will help put another 

piece into this unsolved puzzle.  
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