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re1. The clinical symptoms include loss of muscle 
strength, anorexia, fatigue, raise in inflammatory 
markers, anemia or reduction in serum albumin 
level2. Some recent investigations3,4 claim that the 
loss of weight by >5%, regardless of any specific 
reason may be due to the development of cardiac 
cachexia. Due to the lack of specific therapies 
and poor aspects of disease management, cardiac 
cachexia emerged as a public health problem5. 
Cardiac cachexia is associated with multi-fac-
tors and link with complex systems like immune, 
neuromuscular, hormonal and metabolic imba-
lance2. Therefore, the treatment and prevention 
aspect of cardiac cachexia are complexes and not 
dependent on single agent. The drugs to mana-
ge cardiac cachexia are scarce; to date, only 19 
drugs are recommended as therapeutic agents6 
and most of them work only as anti-inflammatory 
and orexigenic. To develop effective biomarkers, 
the cardiac cachexia is monitored in early stages 
as a patient shows limitation in performing daily 
activities, which itself represent tissue dama-
ge and initial sign of muscle wasting7,8. Usually, 
after muscle injury, muscle tissues are subjected 
to repair by activating many cellular and mole-
cular pathways, which primarily involve the par-
ticipation of stem cells9. It was reported that the 
normal physiological activity of stem cell was 
inhibited by enhanced expression of C/EBPβ, fol-
lowing cancer cachexia10. The proliferation and 
differentiation ability of the cardiac stem cells is 
vital to restore the damage that occurs in cardiac 
following cachexia. The better understanding of 
the pathophysiological conditions associated with 
cardiac stem cells and investigation of different 
proteins that regulate cardiac stem cells are more 
important to establish a novel strategy to hand-
le cardiac cachexia. Mixed-lineage leukemia 
(MLL3) act as a histone methyl transferase that 
activates chromatin structures and play a role as 
coactivator for many transcription factors and 
thereby it regulates many gene expressions11-13. 

Abstract. – OBJECTIVE: Cardiac cachexia is 
a form of serious illness that results with termi-
nal stage of heart failure. It is associated with un-
reasonable weight loss and muscle loss with poor 
prognosis. Cardiac stem cells play a major role in 
repairing, damaged cardiac tissue and they are 
regulated by different mechanisms. In the present 
study, we investigated the role of MLL3 in regulat-
ing cardiac stem cells following cardiac cachexia. 

MATERIALS AND METHODS: To effectively 
study the cardiac cachexia, we established a Dahl 
rat model that produces symptoms similar to ca-
chexia. Using histology, we analyzed the acute 
and chronic stage of cardiac cachexia. Immuno-
histochemistry and Western blotting were used 
to analyze the expression of MLL3 and Oct-4.

RESULTS: The rat develops an acute form of 
cachexia after 2 months of fed with high-salt 
(8% NaCl) diet, which is characterized by inflam-
mation and tissue damage that are observed 
through the histological sectioning. The chron-
ic cardiac cachexia developed after 5 months of 
high-salt diet and histologically it shows tissue 
loss. At the molecular level the stem cell mark-
er, Oct-4, shows elevated expression at acute 
stage, but down regulated latter in the chron-
ic stage of cardiac cachexia. Also, MLL3 shows 
a similar pattern of upregulated expression in 
acute stage of cachexia, but significantly down 
regulated in the chronic stage of cachexia that 
implies their role in regulating the cardiac stem 
cell and their proliferation. 

CONCLUSIONS: Our results show that the car-
diac stem cells in association with  MLL3  sup-
port in maintaining homeostatic after initial 
pathological stages of cachexia but not in the 
chronic stage of cachexia.
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Introduction

Cachexia is defined as muscle wasting that oc-
curs due to chronic illness, and results with deve-
lopment of weight loss and chronic cardiac failu-
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In this investigation we planned to find out the 
role of MLL3 in regulating cardiac stem cells fol-
lowing cardiac cachexia. 

Materials and Methods

Dahl Salt-Sensitive Rats
To perform experiments, Dahl salt-sensitive 

rats (Male, age two months) were purchased from 
Charles River Laboratory (Wilmington, MA, 
USA). All animal experiments were approved 
by the animal Ethics Committee of Hubei Uni-
versity of Medicine, China (No. SMA/2015/01) 
and the given study followed the guidelines of 
Association for the Assessment and Accredita-
tion of Laboratory Animal Care International 
(AAALAC) for experimentation and animal use. 
The rats were divided into three groups and each 
group was planned to have 6 rats. The first group 
of rat’s acted as control and was fed with only 1% 
Nacl along with the diet. The second group of rats 
was fed with high-salt (8% NaCl) for a period of 
2 months to develop an acute form of cardiac ca-
chexia. The third group of rats was fed with hi-
gh-salt (8% NaCl) for a period of 5 months to de-
velop a chronic form of cardiac cachexia. All rats 
were maintained in the controlled conditions in 
the lab (temperature: 24-26ºC; humidity: 45-60%) 
and provided with tap water ad libitum. All the 
rats were scarified after completion of 4 months 
and their cardiac samples were dissected for fur-
ther analysis.

Histological Procedure
The cardiac samples obtained from control, 

acute and chronic form of cardiac cachexia were 
subjected to histological sectioning. Initially, the 
samples were fixed in 10% formalin solution for 
48 h to retain the cellular structures. Following 
fixation, the tissues were subjected to dehydration 
with increasing concentration of ethyl alcohol 
(60%, 70%, 80%, 90% and 100%) and in each 
concentration the tissues were incubated for 1 h 
at 42ºC. Then, the tissues were subjected to clea-
ring, using xylene, which helps to impregnate the 
embedding medium. After embedding with wax, 
the tissues were subjected to thin sectioning in 
microtome (6 µm) and finally processed to stain 
with haematoxylin and eosin (HE). 

Immunohistology
For immunohistology, paraffin embedded 

cardiac tissue were subjected to thin sectio-

ning using microtome (6 µm). The endogenous 
peroxidase activity was inactivated by incuba-
ting the sections in 10% H2O2 solutions for 
half an hour. The antigens were unmasked 
using trypsinization (0.1% trypsin in 1X PBS) 
at RT for 10 min. In order to restrict non-speci-
fic binding, the sections were blocked with 4% 
bovine serum albumin (BSA) solution for 2 h 
at RT. Immunohistological detection of MLL3, 
Oct-4 and actin were performed by incubating 
them with corresponding primary antibodies 
at 4°C for overnight. After throughout wa-
shing of non-specific binding primary antibo-
dy, the sections were incubated with horse ra-
dish peroxidase (HRP) conjugated secondary 
antibody. Following incubation with diamino-
benzidine (DAB) kit, the chromogenic signals 
were obtained, which were counter stained 
with haematoxylin for documentation. 

Western Blotting Analysis
The proteins were extracted from the cardiac 

samples by crushing them in a pre-cooled mortal 
and pastel with 2X protein sample buffer. The 
homogenized tissue samples were transferred to 
Eppendorf tube and subjected to short spin to re-
move the debris. The supernatant was collected 
in fresh tube and boiled in water bath for 10 min. 
The concentration of protein in samples were 
estimated using the Lowry method. Sodium do-
decyl sulphate-polyacrylamide gel electrophore-
sis (SDS-PAGE) (10%) was performed by loading 
equal concentration of protein samples (60 µg) 
to isolate the proteins in the cardiac tissue. As 
the bromophenol blue reached the anode end, the 
plates were disassembled and the separated pro-
tein in the gel were transferred to nitrocellulose 
membrane. Then, the membrane was blocked 
using 5% BSA in Tris-buffered saline-tween 
(TBST) solution. The membrane was incubated 
with primary antibody (anti-MLL3, anti-c-kit or 
anti-actin) at 4ºC for overnight. The membranes 
were washed and incubated with HRP conjuga-
ted secondary antibody. The membrane was de-
veloped using DAB kit and the intensity of band 
obtained was further documented.

Statistical Analysis
To obtain concordant results the experimental 

procedures were repeated for three times and the re-
sults were specified as mean ± SEM. The variations 
among data were calculated using Student’s t-test. 
Data was considered as significant when the p<0.05. 
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Results

Developing Cardiac Cachexia Rat Model
In order to raise cardiac cachexia rat model, the 

Dahl salt-sensitive rats were fed with a high salt 
diet (8% Nacl). The rat that intake high salt diet 
for 2 months developed an acute form of cardiac 
cachexia and the rat subjected to high salt diet for 
a period of 5 months’ time developed a chronic 
form of cardiac cachexia. The rat that developed 
these forms was confirmed through histological 
sectioning of their cardiac tissue (Figure 1A-C). 
The control cardiac tissue shows densely packed 
compact structures (Figure 1A) whereas in the 
acute form of cardiac tissue we observed initial 
form of cardiac muscle loss along with the inflam-
matory response (Figure 1B). In the chronic form, 
we observed extensive damage of the heart tissue 
with more cardiac tissue loss (Figure 1C).

Expression of c-kit in Different 
Pathological Stages of Cardiac Cachexia

Oct-4 is an embryogenic stem cell marker that 
can be expressed even in adult heart tissue14 and 
it can be used as a cardiac stem cell markers15,16. 
In the present study, using immunohistology, the 
expression of Oct-4 was analyzed in control, acu-
te and in chronic stage of cardiac cachexia (Fi-
gure 2A-C). The control cardiac tissue showed 
isolated pockets of Oct-4 expression and their 
expression was very limited (Figure 2A). While 
chasing the cardiac stem in the acute form of car-
diac cachexia, we observed outstanding triggered 
expression of Oct-4 signals (Figure 2B), but their 
stability of expression lowered and reached a very 
meager amount as the cardiac cachexia proceed to 
chronic stage (Figure 2C).

Role of MLL3 in Cardiac Cachexia
Mixed Lineage Leukemia 3 (MLL3) is a type 

of histone methyl transferase, which regulates 
a large number of genes17. Usually methylation 
results with inactivation of genes and, thereby, 
it plays a major role in tumor suppression18,19. 
The link between MLL3 expression and cardiac 
stem cells are not well characterized and need to 
be investigated in detail at different pathological 
stages of cardiac disease. The immunohistologi-
cal analysis of MLL3 shows prominent expres-
sion in the control cardiac tissue (Figure 2D) 
and we observed large changes in the expression 
pattern of MLL3 in the acute form of cardiac ca-
chexia with significant over expression (Figure 
2E). Nevertheless, in the critical stage of chronic 
form the expression of MLL3 shows significant 
suppression (Figure 2F). 

Assessing the Level of Oct-4 and MLL3 
Using Western Blotting

The expression pattern of Oct-4 and MLL3 
was further assessed using Western blotting 
and the combined studies helped to evaluate 
the nominal pattern of expression. The protein 
lysate isolated from control, acute and chronic 
stage of cardiac tissue of cardiac cachexia are 
subjected to Western blotting as described in 
material and method section. From the results 
(Figure 3) we observed that the activity of Oct-
4 and MLL3 correlates with the overexpression 
pattern in acute cardiac cachexia as obtained 
in immunohistological results. Similarly, we 
found that the expression of Oct-4 and MLL3 
shows down regulated expression in the chronic 
stage.

Figure 1. Rat developed with cardiac cachexia. A, Histological sectioning of normal cardiac muscle that are arranged in 
a compact structure. B, Cardiac tissue developed with acute cardiac cachexia shows initial muscle loss and inflammation. 
C, Cardiac tissue developed with chronic cardiac cachexia shows extensive damage with more muscle loss. Scale Bar re-
presents 30 µm size.
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Discussion

Cardiac cachexia results with cardiac tissue 
loss, which affects the normal physiological 
function of the heart. Here we successfully de-
velop cardiac cachexia using Dahl salt-sensitive 
rats as previously described20. In our study, the 
rat responds well and develops typical features 
(Figure 1A-C). As the cardiac cachexia pro-
gress, we observed significant loss of cardiac 
tissue that may be due to increased catabolism, 
apoptosis and inflammatory response21,22. Our 
results with histology confirm development of 
peculiar features as that of cardiac cachexia, 
and this developed pathological feature helps 
to accurately assess the expression of different 
proteins. The endogenous presence of cardiac 
stem cells is the key that regulates repair me-
chanism following cardiac injury23. The re-
sponse of cardiac stem cells in a critical stage 
of cardiac cachexia is an interesting aspect to 
investigate. Our result suggests that the re-po-
pulation of resident cardiac stem cells occurs in 
the acute stage (Figure 2B) and higher prolife-

ration of cardiac stem cells may help to restore 
the normal physiology of the heart by regenera-
ting new cardio myocytes as that occurs after 
transplanting cardiac stem cells24. The capaci-
ty of cardiac stem cell proliferation restricted 
largely in the chronic stage (Figure 2C), which 
implies the limited ability of cardiac repair25. 
The metabolic dysfunctions associated with ca-
chexia are regulated by many factors like hor-
monal, immune, hyper catabolism and distur-
bed muscle homeostasis26-29. MLL3 regulates 
many protein expressions by acting as a type of 
histone methyl transferase17. We observed that 
in the acute stage of cardiac cachexia the MLL3 
expression was upregulated (Figure 2E); this 
may help to regulate Oct-4 expression to po-
tentially repair the initial cardiac damage. Ne-
vertheless, in the chronic stage their expression 
was down regulated (Figure 2F) when compa-
red with the control cardiac tissue (Figure 2D) 
that helps to deregulate Oct-4 expression. The 
accuracy of the results and the tool of immu-
nohistological data are cross-verified using We-
stern blotting analysis (Figure 3).

Figure 2. Expression of Oct-4 and MLL3 in different pathophysiological stages of cardiac cachexia. A, Expression of tran-
scriptional factor, Oct-4 in isolated pockets of normal cardiac tissue of rat. B, Upregulated expression of Oct-4 in acute stage 
of cardiac cachexia in rat. C, Significant decreased expression of Oct-4 in chronic stage of cardiac cachexia. D, Control cardiac 
tissue of rat with prominent expression of MLL3. E, Acute stage of cardiac cachexia with higher magnitude expression of 
MLL3. F, Chronic stage of cardiac cachexia represent a lower expression of MLL3. Scale Bar represents 30 µm size.
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Conclusions

Overall, our results help to understand the re-
sponse of the cardiac stem cells in different pa-
thophysiological of cardiac cachexia. Also, we 
evaluated the role of MLL3 in association with 
cardiac stem cells in altered physiological stages 
of cardiac cachexia.

Conflict of interest
The authors declare no conflicts of interest.

References

  1)	 Anker SD, Sharma R. The syndrome of cardiac ca-
chexia. Int J Cardiol 2002; 85: 51-66. 

  2)	 Evans WJ, Morley JE, Argilés J, Bales C, Baracos 
V, Guttridge D, Jatoi A, Kalantar-Zadeh K, Lochs 
H, Mantovani G, Marks D, Mitch WE, Muscaritoli 
M, Najand A, Ponikowski P, Rossi Fanelli F, Schambe-
lan M, Schols A, Schuster M, Thomas D, Wolfe R, 
Anker SD. Cachexia: a new definition. Clin Nutr 
2008; 27: 793-799. 

  3)	 Christensen HM, Kistorp C, Schou M, Keller N, Ze-
rahn B, Frystyk J, Schwarz P, Faber J. Prevalence of 
cachexia in chronic heart failure and characteri-
stics of body composition and metabolic status. 
Endocrine 2013; 43: 626-634. 

  4)	 Trullàs JC, Formiga F, Montero M, Carrera-Izquierdo 
M, Grau-Amorós J, Chivite-Guillén D, Manzano L. 

Impact of weight loss on mortality in chronic heart 
failure: findings from the RICA Registry. Int J Car-
diol 2013; 168: 306-311. 

  5)	 Farkas J, von Haehling S, Kalantar-Zadeh K, 
Morley JE, Anker SD, Lainscak M. Cachexia as 
a major public health problem: frequent, cost-
ly, and deadly. J Cachexia Sarcopenia Muscle 
2013; 4: 173-178. 

  6)	 Dutt V, Gupta S, Dabur R, Injeti E, Mittal A. Skeletal 
muscle atrophy: potential therapeutic agents and 
their mechanisms of action. Pharmacol Res 2015; 
99: 86-100. 

  7)	 Calvani R, Marini F, Cesari M, Tosato M, Anker SD, 
Haehling S, Miller R, R, F, E. Biomarkers for phy-
sical frailty and sarcopenia: state of the science 
and future developments. J Cachexia Sarcopenia 
Muscle 2015; 6: 278-286. 

  8)	 Nedergaard A, Sun S, Karsdal MA, Henriksen K, Kjær 
M, Lou Y, He Y, Zheng Q, Suetta C. Type VI collagen 
turnover‐related peptides – novel serological bio-
markers of muscle mass and anabolic response 
to loading in young men. J Cachexia Sarcopenia 
Muscle 2013; 4: 267-275. 

  9)	 Yin H, Price F, Rudnicki MA. Satellite cells and the mu-
scle stem cell niche. Physiol Rev 2013; 93: 23-67. 

10)	 Marchildon F, Lamarche É, Lala-Tabbert N, St-Louis C, 
Wiper-Bergeron N. Expression of CCAAT/enhancer 
binding protein beta in muscle satellite cells inhi-
bits myogenesis in cancer cachexia. PLoS One 
2015; 10: e0145583. 

11)	 Shilatifard A. Chromatin modifications by methyla-
tion and ubiquitination: implications in the regu-
lation of gene expression. Annu Rev Biochem 
2006; 75: 243-269. 

12)	 Cho Y-W, Hong T, Hong S, Guo H, Yu H, Kim D, Gu-
szczynski T, Dressler GR, Copeland TD, Kalkum M, Ge 
K. PTIP associates with MLL3-and MLL4-contai-
ning histone H3 lysine 4 methyltransferase com-
plex. J Biol Chem 2007; 282: 20395-20406. 

13)	 Kim D-H, Kim J, Lee JW. Requirement for MLL3 in 
p53 regulation of hepatic expression of small he-
terodimer partner and bile acid homeostasis. Mol 
Endocrinol 2011; 25: 2076-2083. 

14)	 Ott HC, Matthiesen TS, Brechtken J, Grindle S, Goh 
S-K, Nelson W, Taylor DA. The adult human heart 
as a source for stem cells: repair strategies with 
embryonic-like progenitor cells. Nat Clin Pract 
Cardiovasc Med 2007; 4: S27-39. 

15)	 Otaka S, Nagura S, Koike C, Okabe M, Yoshida T, Fa-
thy M, Yanagi K, Misaki T, Nikaido T. Selective isola-
tion of nanog-positive human amniotic mesenchy-
mal cells and differentiation into cardiomyocytes. 
Cell Reprogram 2013; 15: 80-91. 

16)	 Land SC, Walker DJ, Du Q, Jovanović A. Cardio-
protective SUR2A promotes stem cell properties 
of cardiomyocytes. Int J Cardiol 2013; 168: 5090-
5092. 

17)	 Slany RK. The molecular biology of mixed lineage 
leukemia. Haematologica 2009; 94: 984-993. 

18)	 Chen C, Liu Y, Rappaport AR, Kitzing T, Schultz N, 
Zhao Z, Shroff AS, Dickins RA, Vakoc CR, Bradner 

Figure 3. Western blot analysis of Oct-4 and MLL3 expres-
sion. (Row 1) Lane 1: expression of transcriptional factor, 
Oct-4 in control cardiac rat tissue. Lane 2: overexpression 
of Oct-4 in acute stage of cardiac cachexia. Lane 3: down-
regulated expression of Oct-4 in chronic stage of cardiac 
cachexia. (Row 2) Lane 1: expression of protein, MLL3 
in control cardiac tissue. Lane 2: increased expression of 
MLL3 in acute stage of cardiac cachexia. Lane 3: decreased 
expression of MLL3 in chronic stage of cardiac cachexia. 
β-actin was used as a loading control.



Role of MLL3 in cardiac cachexia

4929

JE, Stock W, LeBeau MM, Shannon KM, Kogan S, 
Zuber J, Lowe SW. MLL3 is a haploinsufficient 7q 
tumor suppressor in acute myeloid leukemia. 
Cancer Cell 2014; 25: 652-665. 

19)	 Li B, Liu HY, Guo SH, Sun P, Gong FM, Jia BQ. As-
sociation of MLL3 expression with prognosis in ga-
stric cancer. Genet Mol Res 2014; 13: 7513-7518. 

20)	 Kato T, Niizuma S, Inuzuka Y, Kawashima T, Okuda J, 
Kawamoto A, Tamaki Y, Iwanaga Y, Soga T, Kita T, Kimura 
T, Shioi T. Analysis of liver metabolism in a rat model 
of heart failure. Int J Cardiol 2012; 161: 130-136. 

21)	 von Haehling S, Doehner W, Anker SD. Nutrition, 
metabolism, and the complex pathophysiology of 
cachexia in chronic heart failure. Cardiovasc Res 
2007; 73: 298-309. 

22)	 Molinari F, Malara N, Mollace V, Rosano G, Ferraro 
E. Animal models of cardiac cachexia. Int J Car-
diol 2016; 219: 105-110. 

23)	 Young PP, Schäfer R. Cell‐based therapies for car-
diac disease: a cellular therapist’s perspective. 
Transfusion 2015; 55: 441-451. 

24)	 Forte G, Pagliari S, Pagliari F, Ebara M, Di Nardo P, 
Aoyagi T. Towards the generation of patient-speci-

fic patches for cardiac repair. Stem Cell Rev Re-
ports 2013; 9: 313-325. 

25)	 Abdelwahid E, Kalvelyte A, Stulpinas A, de Carvalho 
KAT, Guarita-Souza LC, Foldes G. Stem cell dea-
th and survival in heart regeneration and repair. 
Apoptosis 2016; 21: 252-268. 

26)	 Evans WJ, Morley JE, Argilés J, Bales C, Baracos V, 
Guttridge D, Jatoi A, Kalantar-Zadeh K, Lochs H, 
Mantovani G, Marks D, Mitch WE, Muscaritoli M, 
Najand A, Ponikowski P, Rossi Fanelli F, Schambelan 
M, Schols A, Schuster M, Thomas D, Wolfe R, Anker 
SD. Cachexia: a new definition. Clin Nutr 2008; 
27: 793-799.

27)	 von Haehling S, Lainscak M, Springer J, Anker SD. 
Cardiac cachexia: a systematic overview. Phar-
macol Ther 2009; 121: 227-252. 

28)	 Di Luzio R, Moscatiello S, Marchesini G. Role of nu-
trition in gastrointestinal oncological patients. Eur 
Rev Med Pharmacol Sci 2010; 14: 277-284.

29)	 Zhang ZY, Zheng SH, Yang WG, Yang C, Yuan WT. 
Targeting colon cancer stem cells with novel blo-
od cholesterol drug pitavastatin. Eur Rev Med 
Pharmacol Sci 2017; 21: 1226-1233.


