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ABSTRACT

Background and Objective: Myostatin (Myo) regulates the growth of skeletal muscles and inactivating
Myo leads to excessive muscle growth. This study aim is to investigate a possible role of myostatin in the
wasting syndrome of MDS patients. Materials and Methods: Eighty-one patients with MDS and
17 healthy controls were involved in this study. Muscle tissue was obtained from the biceps muscle. Myo
expression was estimated using real-time PCR (Myo/actin gene ratio was used). TNF-o, IL-1, IL-2, -6,
TGF-B and leptin was measured in the serum using ELISA. Myo RNA ug~" of whole muscle RNA was
calculated. Results: Mutations or polymorphisms in the myostatin gene were not detected suggesting
different regulations of the gene. Higher expression Myo gene was observed in RA, RAEB and RAEB-T
patients compared to CMML, RARS patients and healthy individuals. Higher serum TNF-q, IL-1, IL-2, 1I-6,
TGF-B and leptin were observed in patients with wasting syndrome in comparison to those without and
healthy. Conclusion: TNF-a levels >500 ng mL™" is associated with increased expression of the Myo gene
in muscle cell cultures and therefore may contribute to wasting. Other mechanisms cannot be excluded
of course.

KEYWORDS
Cytokines, myostatin, myelodysplastic syndromes, wasting syndrome, growth factors

Copyright © 2022 K. Garlemou et al. This is an open-access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided
the original work is properly cited.

INTRODUCTION

Wasting syndrome is observed in many cancer patients especially during terminal stages. These patients
lose the quality of life unrelated to disease progression with increased morbidities and need for
hospitalization'. The mechanism of body mass loss is not well understood in patients with wasting
syndrome. Many factors have been correlated with wasting syndrome in chronic diseases. Serum TNF-q,
IL-1, IL-2, IL-6, TGF-B and leptin are at higher levels in patients with wasting syndrome?’.

Myostatin is a chalone with the main regulatory effect on skeletal muscles. It belongs to Transforming
Growth Factor-p superfamily*> and its first name were GDF-8%". In mice, myostatin begins to express at
embryonic somites and subsequently in developing skeletal muscles®®. Myostatin in adults is expressed
in skeletal muscle almost exclusively, although it is detected in adipose tissue'. Gene targeting studies
in mice elucidated the function of myostatin®’. At an early stage of development, the myostatin null mice
presented increased muscle mass retained for their whole life®'". Increased muscle weight at about 25%
has been described in heterozygous mice compared to the wild type mice suggesting dose dependency?.

E7hE So, GDF-8 regulates negatively muscle growth’ and this observation gave GDF-8 the name myostatin”.
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Myostatin is a ligand of activin receptor IIB that activates the Smad pathway to regulate gene
expression>'®, Wasting syndrome in mice with increased levels of myostatin has similarities with human
wasting syndrome'.

Myostatin is implicated in muscle atrophy in humans such as disuse muscle atrophy®, myopathies™,
obesity™, cardiac cachexia'®, cancer cachexia'’. Increased myostatin levels have been identified in patients
with HIV infection and body mass loss'®.

We examined the expression of the GDF-8 gene in patients with MDS to study mechanisms involved in
the development of the cachexia syndrome in these patients'. We also searched for possible agents
influencing myostatin expression in these patients.

The objective of this study was to investigate whether myostatin is involved in the mechanisms of wasting
syndrome. Future studies in activating the myostatin gene might provide benefit to MDS patients.

MATERIALS AND METHODS
Study area: The study was carried out at the Department of Hematology and Transfusion Medicine of the
University Hospital of Larissa, Greece from September, 2009-December, 2015.

Patients: Eighty-one consecutive patients suffering from MDS were included in the study. Fifty-one were
males with a median age of 71 years (range 33-85) and 30 females with a median age of 68 (range 54-80).
Seventeen healthy controls (matched in age and gender) were included. Forty-nine patients were classified
according to FAB®as refractory anaemia, 6 as refractory anaemia with ringed sideroblasts, 12 as refractory
anaemia with excess of blasts, 9 as refractory anaemia with excess of blasts in transformation and 5 as
chronic myelomonocytic leukaemia. Patients and healthy individuals characteristics are shown in
Table 1 and 2. The study has the approval of the Ethical Committee of our Institution.

Isolation of muscle tissue: Muscle tissue was obtained through a biopsy of the biceps muscle. In detail,
500 mg of muscle was homogenized in 3.75 mL TRIZOL LS (Life Technologies) with a tissue homogenizer.
RNA was extracted from the homogenate by adding 1 mL chloroform, incubating at 25°C for 15 min,
centrifugation at 12000 g for 15 min and collecting the upper aqueous phase'. RNA was precipitated
using isopropyl alcohol according to standard protocol'®?'%3,

Reverse Transcription-Polymerase Chain Reaction (RT-PCR): The RT-PCR was performed using 1 ug
of RNA from patients and healthy individuals using the SuperScript™ One-Step RT-PCR kit
(Invitrogen, Carlsbad, USA) as described earlier'.

The B-actin amplification was done as described elsewhere and a product of 290 bp in the 3'-UTR of the
mRNA was obtained".

For myostatin cDNA PCR we used the following primers: GDF-8-F: 5'-CCG/GGA/ACT/GAT/TGA/TCA/
GTA/TGA-3' and GDF-8-R: 5'-GGG-TTT-TCC-ATC-CAC-TTG-CAT-TAG-3' and we obtained a product of
146 bp in the untranslated (3-UTR) region of mRNA to avoid false-positive products from possible DNA
contamination. cDNA production and initial denaturation were done at 50 for 30 min and at 94 for 2 min
for 1 cycle. Then 35 cycles with denaturation at 94 for 15 sec, annealing at 51 for 30 sec, extension at 68
for 30 sec were followed for 35 cycles. A final extension cycle was made 10 min at 72°C. The DNA Engine
Peltier Gradient Thermal Cycler (Bio-Rad Ltd. Corston Bath UK) was used'®.

Quantitative real-time PCR (Q-PCR): THERotorgene RG-3000 (RCorbett Research) and Invitrogen
CYBR®GreenUniversal kit Carlsbad, USA were used as previously described'® using the above primers. Five
ng of cDNA in a volume of 25 pL and 40 cycles were done.
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Table 1: Clinical and laboratory features of patients with MDS

Clinical features RA RARS RAEB RAEB-T CMML Total

M 31 5 7 5 3 51

F 18 1 5 4 2 30

Age median (range) 69 (33-85) 65 (56-75) 72 (52-80) 69 (55-80) 75 (61-82) 71 (33-85)
Duration of disease in months 34+2.8 30+84 24+16.9 11.5+9.1 11+4.24 28+7.8
before analysis (Median+SD)

Hepatomegaly 12 0 10 9 5 36
Splenomegaly 23 0 12 9 49
Lymphadenopathy 2 0 2 1 7
Laboratory findings

Blood (Mean+SD)

Ht (%) 33.5+6.36 28+2.82 29.8+4.94 29.5+5 25+9.89 28+5

Hb (g dL™") 11+£1.41 11£1.41 9.6+1.41 11+£1.41 8.5+3.53 10.5+1.5
MCV (fL) 99.5+0.7 83.4+14.84 80.5+3.53 92.3+2.1 92.5+7.77 9416
MCH (pg) 29+4.24 26.15+5.44 27.75+1.41 3040 30+2.82 29+1.3
MCHC (g dL™) 31.5+0.707 32102 32+0.1 31.33+0.7 33+0.1 31.8+0.2
WBC (uL) 3350+212.1 41204265 3420+7354 3066+667 7850+1020 34504520
Neutrophils (uL) 860+58.8 3548+33.8 2235+135.5 10731342 18121586 912+433.5
Lymphocytes (uL) 20721426 1520+520 1023+265 1520+423 1566+450 1962+632
Monocytes (uL) 268+85 206+189 179498 6741256 456211250 524+325
Blasts (uL) 0 0 342+125 995+235 425+125 482+123
PLTx10° (uL) 103+62.25 291+98.94 135.6+£23.7 122+82.8 2614242 103+88
Bone marrow (MeanzSD)

Blasts (%) 0 0 6 22.5+3.5 32.5+35

Hypercellular 45 6 10 6 5 72
Hypocellular 0 1 3 0 8

Fibrosis 6 0 1 2 2 11
Chromosomal abnormalities 21 0 9 4 0 34
Autoimmune phenomena 12 1 3 3 1 20
Treatment

Blood transfusion 12 2 5 9 2 30

Epo only 9 3 0 0 2 14
Epo+GCSF 40 0 5 0 0 45
Chemotherapy 0 0 2 8 2 12
Steroids 12 0 4 2 1 19

RA: Refractory anaemia, RARS: Refractory anaemia with ringed sideroblasts, RAEB: Refractory anaemia with excess of blasts,

RAEB-T: Refractory anaemia with excess of blasts in transformation, CMML: Chronic myelomonocytic leukemia, Ht: Haematocrit,

Hb: Haemoglobin, MCHC: Mean corpuscular haemoglobin concentration, WBC: White blood cells, Epo: Human recombinant

erythropoietin, subcutaneously, GCSF: Granulocyte colony stimulating factor

Table 2: Clinical and laboratory features in healthy individuals

Clinical features

Healthy individuals

M

F

Age median (range)
Laboratory findings (Mean+SD)
Ht (%)

Hb (g dL™")

MCV (fL)

MCH (pg)

MCHC (g dL™)
WBC (uL)
Neutrophils (uL)
Lymphocytes (uL)
Monocytes (uL)
PLTx10° (L)

9
8
71 (33-85)

40+4.23
14+1.41
96+8.5
33535
33.5+0.7
9200+707.10
6072+605
2024+356
864+235
354.5+17.68

Ht: Haematocrit, Hb: Haemoglobin, MCV: Mean corpuscular volume, MCH: Mean corpuscular haemoglobin, MCHC: Mean corpuscular

haemoglobin concentration, WBC: White blood cells, PLT: Platelets
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DNA sequencing: Flanking primers to amplify the 3 exons of the GDF-8 gene were used as follow:
Exon 1: F1: (5'-AGA-TTC-ACT-GGT-GTG-GCA-AG-3'), R1: (5'-ATA-GGA-CTA-CTT-ACA-CTC-3")
exon 2: F2: (5'-ATA-GCT-GAT-TTT-CTA-ATG-CG-3") R2: (5'-GTT-ATC-ACT-TAC-CAG-CCC-AT-3"),
exon 3: F3: F3(5'-AGT-GTT-CCA-GGC-CTA-TTG-ATA-T-3") R3: (5'-AAA-CAC-TTT-AAT-ATA-ACT-TAT-AC-3)).
The product was processed for direct sequencing on ABI PRISM (Applied Biosystems).

Cytokines levels in the blood: We measured the serum Tumour Necrosis Factor-a, Transforming Growth
Factor-B, leptin, Interleukin-1, Interleukin-2, Interleukin-6 and myostatin by using a sensitive sandwich
ELISA (kit R&D, MN 55413, USA, BIOVENDOR for myostatin and Quantikine for leptin), to investigate the
role of these cytokines in myostatin levels.

Statistical analysis: SPSS v15 was used. Shapiro-Wilk test was used for normality check and
Mann-Whitney test (with Bonferroni's correction for multiple comparisons) for non-parametric variables
was used. Student’s t-test was used for parametric comparisons and correlation coefficient was used to
detect significant correlations between parametric variables.

RESULTS

Analysis of the DNA sequence of GDF-8 gene: Direct sequencing was applied for mutation analysis in
GDF-8 and no mutation or polymorphism was detected in these patients suggesting that the myostatin
gene is well conserved. That also means that variations in expression may be due to different regulatory
effects.

Expression analysis of GDF-8: Myostatin levels in blood serum were 14.7+2.25 ng mL~" in MDS patients
with wasting syndrome, 3.70+0.95 ng mL~" in MDS without wasting and 4.76+1.25 ng mL™" in normal
individuals.

Some RT-PCR results are shown in Fig. 1. The ratio of myostatin/B-actin RNA in patients divided by the
ratio of myostatin/B-actin RNA in the normal individuals is presented in Table 3. The myostatin RNA in
MDS patients was higher compared to the controls (p<0.05). CMML patients expressed lower myostatin
than the controls (p<0.05). RARS patients did not present any difference from controls (NS), while RA,
RAEB and RAEB-T expressed significantly higher myostatin than the controls (p<0.05 for all). RAEB patients
presented the highest levels of expression (250+30%).

We measured also the RNA copies of myostatin in various groups of patients. In patients with wasting
syndrome, the mean value of RNA copies were 46997.45+8934.09 and in patients without wasting it was
10702.97+3885.59 and in normal individuals, it was 12657.12+3231.873 (Table 4, Fig. 2).

Cytokine analysis: TNF-a levels in blood serum were 719.88+126.22 pg dL™" in patients with wasting
syndrome, 394.52+60.93 pg dL~" in MDS without wasting and 249.84+64.95 pg dL™" in normal individuals.
IL-1 levels in blood serum were 3713489250 pg dL~" in MDS patients with wasting syndrome,
1965.5+314.20 pg dL~" in MDS without wasting and 827.23+125.27 pg dL~" in normal individuals.

IL-6 levels in blood serum were 773.96x124.11 pg dL~' in MDS patients with wasting syndrome,
478.12+64.44 pg dL™" in MDS without wasting and 271466 pg dL™" in normal individuals. IL-2 levels in
blood serum were 2725.03+406.28 pg dL~" in MDS patients with wasting syndrome, 1477 +247.42 pgdL™"
in MDS without wasting and 534.53+75.39 pg dL™" in normal individuals.

Leptin levels in blood serum were 53.83+23.16 pg mL™' in MDS patients with wasting syndrome,
9.22+3.26 pg mL™" in MDS without wasting and 6.83+3.28 pg mL~" in normal individuals.

TGF-B levels in blood serum were 928.64+107.52 pg dL™' in MDS patients with wasting syndrome,
343.18+139.06 pg dL~" in MDS without wasting and 75+25.70 pg dL™" in normal individuals (Table 5).
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Table 3: Expression of the GDF-8 and B-actin in patients with MDS and healthy individuals

GDF-8 expression (%)
MDS category Average+SD
CMML
M
F
Total 25+18% (p<0.05)
RARS

Total 56+35% NS
RA

Total 127+50% (p<0.05)
RAEB

Total 250+30% (p<0.05)
RAEB-T

M

F

Total 104+25% (p<0.05)
Healthy

M

F

Total 59+18%

GDF-8 transcript number was measured by quantitative real-time PCR and is expressed as a percentage of $-actin transcript number
performed at the same time in the same tube, RA: Refractory anaemia, RARS: Refractory anaemia with ringed sideroblasts,

RAEB: Refractory anaemia with an excess of blasts, RAEB-T: Refractory anaemia with an excess of blasts in transformation, CMML:
Chronic myelomonocytic leukemia

Table 4: Myostatin mRNA copies and body mass index in MDS patients and controls

Parameters Emaciated MDS patients Non-emaciated MDS patients Normal controls
Myostatin RNA copies 46997.45+8934.09 10702.97+3885.59 12657.12+£3231.873
BMI 20.414+1.801 27.825+2.097 26.692+1.748

Myostatin copies were significantly higher in emaciated MDS patients compared to non-emaciated (p<0.001) and normal controls
(p<0.001), Body Mass Index (BMI) was significantly lower in emaciated patients compared to non-emaciated (p<0.001) and normal
controls (p<0.001)

Table 5: Cytokines levels in the blood of the individuals tested

MDS Emaciated/ MDS Emaciated/ Non-emaciated/
Levels emaciated non-emaciated (p,) non-emaciated normal (p,) Normal normal (p,)
TNF-a 719.88 0.004771 394.5294 0.019112 249.8462 0.80264
TNF-a SD 126.2222 60.93381 64.95363
IL-1 3713 0.00011442 1965.5 1.7546x107° 827.230769 0.00271554
IL-1SD 892.5012 314.2093 125.2751
IL-6 773.9643 0.010309 478.125 0.026785 271.9231 0.895411
IL-6 SD 124.1124 64.44313 66.46736
TGF-B 928.6428571 0.237452256 343.1875 1.09182x107° 75 7.73511x 10~
TGF-p SD 107.5244 139.069 25.70019
IL-2 2725.035714 0.047812082 1477 4.48915x 1077 534.5384615 0.000186739
IL-2 SD 406.2815556 247.4254096 75.39077683
Myo 14.68571 0.001178 3.70625 0.037314 4.769231 0.324053
Myo-SD 2.248739 0.958797 1.253917
Leptin 53.83 3.378:107"° 9.22 1.97-1078 6.83 0.96
Leptin SD 23.16 3.26 3.28

Mean values, standard deviations and mean comparisons (t-test, p-value) among the groups
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Fig. 1: RT-PCR from patients with MDS (samples: 2-49)
Sample 1 and 50: 100 bp DNA ladder, the PCR product of GDF-8 is 146 bp and the PCR product of B-actin is 290 bp
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Fig. 2: Correlation between body mass index and myostatin mRNA copies

Myostatin mRNA copies were measured using 1 pug of RNA from muscle tissue obtained from the biceps muscle after biopsy
and RNA extraction as described in the text

DISCUSSION

This is the first study investigating the possible role of myostatin in MDS patients with wasting syndrome.
The role of myostatin in muscle atrophy has been extensively studied in various cancer patients with
wasting syndrome and in many cases, myostatin was found overexpressed®*# although other mechanisms
and underlying conditions exist in different patients®®*°. We found that MDS patients with wasting
syndrome expressed higher levels of myostatin compared to those without wasting syndrome and normal
controls and this is inconsistent with previous studies in animals and other cancer patients*?'.We did not
measure other growth and differentiation factors such as GDF-11 and GDF-15 that are known to have

homology with myostatin (GDF-8) and similar function' and this is a limitation of this study.

Previous studies have reported that inflammatory and pro-inflammatory proteins (TNF-o, TGF-f, IL-1, IL-2,
IL-6, leptin) enhance myostatin expression leading to skeletal muscle atrophy?’. In this study, we found
significantly increased levels of serum TNF-o, IL-1, IL-2, IL-6 and leptin in emaciated MDS patients vs.
non-emaciated and emaciated vs. normal controls. Serum TGF-f was found increased in emaciated and
non-emaciated without significant difference between them, but TGF- serum levels were significantly
increased between all MDS patients (emaciated or not) vs. normals. This is not well clarified since it is
known that TGF-B has been shown to promote muscle loss in other cancer patients®’. We do not know
if they act through myostatin regulation or have any direct effect on muscle growth and/or degradation.

Although TNF-q, IL-1B and IL-6 inhibit via the NF-kB pathway muscle cell differentiation by down
regulation of MyoD and augmenting muscle cell degradation via UPP (Ubiquitin-dependent Proteasome
Pathway), NF-kB pathway is not usually activated in MDS patients as reported previously*’. We did not
study the NF-kB pathway in our patients.
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TNF-a has been reported to have a pleiotropic effect on protein, lipid and carbohydrate metabolism as
well as on myosin heavy chain degradation”’. Consequently, TNF-a may act through myostatin activation
but also other mechanisms. We did not investigate the exact mechanism of TNF-a action in our patients.

Although systemic inflammatory response with increase levels of inflammatory cytokines is well
known*"?** antibodies against these inflammatory molecules have not been extensively used
(probably due to their serious side effects) and where they were used the response was not satisfactory
especially in cachexia®’*. Antibodies against IL-6 have been used to treat wasting syndrome in advanced
cancer patients with no effect on the syndrome although there was an improvement in anorexia®. On the
contrary antibodies against myostatin have been used in animals and cell lines showing improvement of
muscle wasting in animals and muscle growth in human cell lines*****® while antibodies against GDF-11
have been introduced in early trials in humans with unknown results®'.

We found that myostatin (GDF-8) is overexpressed in MDS patients with wasting syndrome. Independently
to other factors involved in muscle wasting this group of patients could be a target group for a possible
study of the effects of myostatin blockers and regulators on preventing or reversing muscle atrophy. It
is well known that wasting syndrome in cancer patients is an independent factor for unfavourable
outcome'?”’.

The limitations of our study are the absence of measurements of GDF-11 (another myostatin homologous
with muscle growth inhibition) and the absence of investigation of other factors leading to muscle wasting
in these patients. To have a maximum effect on muscle atrophy probably the inhibition of all parameters
contributing to muscle wasting should be essential.

The implication of our findings is the possible use of myostatin antagonists in treating muscle wasting in
cancer patients. Since the mechanism of muscle atrophy may be different in various cancer patients we
found that this group of patients is a target group for these antagonists. Since monoclonal antibodies
have been developed against myostatin MDS patients could be enrolled in future trials using these drugs
and this could be recommended.

CONCLUSION

Myostatin seems to be involved in the development of wasting syndrome in MDS patients Other
inflammatory cytokines may regulate myostatin levels or may act synergistically. Inactivating myostatin
could lead to improvement of the syndrome.

SIGNIFICANCE STATEMENT

This is the first study showing the possible role of myostatin in the development of wasting syndrome in
MDS patients. The role of other inflammatory and pro-inflammatory cytokines in this syndrome was also
studied. Further studies are needed to find out methods to control serum myostatin levels expecting to
improve the syndrome in these patients.
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