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Case Report 
Prominent gelatinous bone marrow transformation  
presenting prior to myelodysplastic syndrome: a  
case report with review of the literature
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Abstract: Gelatinous bone marrow transformation (GMT) is a rare disorder characterized by the presence of fat 
cell atrophy, loss of hematopoietic cells, and deposition of extracellular gelatinous materials. GMT is not a specific 
disease, but is strongly associated with malnutrition and drugs. Albeit extremely rare, GMT has been reported in 
patients with myeloproliferative disorders. Herein, we report the second documented case of hypoplastic myelodys-
plastic syndrome (MDS) accompanying GMT. A 73-year-old Japanese male with excellent nutrition status and no 
history of alcohol or drug intake was detected with pancytopenia. The initial bone marrow aspirate specimen reveled 
hypocellular marrow without dysplastic signs in the myeloid cells. Bone marrow biopsy demonstrated hypocellular 
bone marrow with prominent GMT. He received blood transfusions, however, pancytopenia continued to progress. 
The second bone marrow aspirate specimen showed dysplastic changes, such as pseudo-Pelger-Huët cells, hy-
pogranular or agranular granulocytes, and megakaryocytes with multiple small nuclei. Cytogenetic study demon-
strated deletion of chromosome 7. Therefore, an ultimate diagnosis of hypoplastic MDS accompanying GMT was 
made. Only a limited number of cases of myeloproliferative disorders with GMT have been reported. Our analysis of 
these cases revealed that chromosome 7 abnormality is frequently observed in this condition. Moreover, findings 
from the current case suggested that myeloproliferative disorders including MDS must be included in the differential 
diagnostic considerations of GMT patients, who have no history of malnutrition or drugs, and careful examination 
of the bone marrow smear specimen and cytogenetic analysis are necessary for early detection of underlying my-
eloproliferative disorders.

Keywords: Gelatinous bone marrow transformation, myelodysplastic syndrome, bone marrow

Introduction

Gelatinous bone marrow transformation (GMT), 
also referred as gelatinous degeneration or 
serous atrophy of the bone marrow, is a rare 
disorder, characterized histopathologically by 
the presence of fat cell atrophy, loss of hemato-
poietic cells, and deposition of extracellular 
gelatinous substances, which have been histo-
chemically identified as mucopolysaccharides 
[1, 2]. Although the pathogenesis of GMT is still 
unknown, it is speculated that the deposition of 
extracellular gelatinous material leads to alter-
ations in the bone marrow microenvironment, 
resulting in loss of hematopoietic cells [1]. GMT 
is not a specific disease, but like a symptom, 
and it is well known that this disorder is strongly 

associated with chronic debilitating diseases, 
such as severe malnutrition, anorexia nervosa, 
human immunodeficiency virus (HIV) infection, 
and administration of cytotoxic drugs [1, 3, 4]. 
In addition, albeit extremely rare, GMT has also 
been reported in patients with primary myelo-
proliferative disorders, such as myelodysplastic 
syndrome (MDS), acute myeloid leukemia, and 
myelofibrosis [5-8]. Herein, we report a case of 
GMT presenting prior to hypoplastic MDS and 
discuss the clinicopathological features of 
myeloproliferative disorders accompanying 
GMT.

Case report

A 73-year-old Japanese male with a past history 
of hypothyroidism was referred to our hospital 
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because of pancytopenia. He had undergone 
total gastrectomy for gastric cancer at the age 
of 64, and then pancytopenia was detected 6 
months earlier at a local clinic. Vitamin prepara-
tion was administrated under a clinical diagno-
sis of megaloblastic anemia; however, pancyto-
penia did not improve. 

At first presentation, the peripheral blood 
showed pancytopenia (red blood cells 1.6 x 
1012 /L, hemoglobin 6.0 g/dL, leukocytes 3.9 x 
109 /L, and platelets 44 x 109 /L). His folic acid 
and vitamin B12 concentrations as well as liver 
and renal function tests were within normal 
ranges. Physical examination revealed no hep-
atosplenomegaly. His nutritional status was 
excellent (he was 155.2 cm tall and weighed 
52.7 kg), and he did not use any alcohol or 
drugs. Bone marrow aspiration and biopsy were 

Figure 1. Histopathological features of the bone marrow 
of the first biopsy specimen. A: Fat cell atrophy, deposi-
tion of extracellular gelatinous materials, and decrease 
in the trilineage hematopoietic cells are observed. HE, x 
200. B: The extracellular gelatinous materials are posi-
tive for Alcian blue staining. Alcian blue staining, x 200. 
C: The extracellular gelatinous materials are digested 
by hyaluronidase. Alcian blue staining with digestion by 
hyaluronidase, x 200. 

Figure 2. Bone marrow smear specimen of the sec-

ond bone marrow aspirate. A: Pseudo-Pelger-Huët 
cell with bilobed nucleus and hypogranular granulo-
cytes are observed. Giemsa stain, x 1,000. B: Dys-
plastic megakaryocytes with multiple small nuclei. 
Giemsa stain, x 1,000. 
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performed, and cytogenetic analysis was also 
done. 

Under a clinical diagnosis of aplastic anemia, 
the patient received blood transfusions, how-
ever, pancytopenia worsened (red blood cells 
2.2 x 1012 /L, leukocytes 1.5 x 109 /L, and 
platelets 9 x 109 /L). The patient was then 
admitted for administration of cyclosporine and 
anti-thymoglobulin treatment 6 months after 
his first visit. Subsequently, the second bone 
marrow aspiration was performed, and cytoge-
netic study was also done. 

After the diagnosis, he received frequent blood 
transfusions, however, chemotherapy was not 
performed. He succumbed to pneumonia 10 
months after his first visit.

The first bone marrow aspirate specimen dem-
onstrated hypocellular bone marrow with 
decreases in erythroid and myeloid series and 
a relative increase in lymphocytes. 
Megakaryoctes were hardly detected in the 
smear. Although erythroid cells showed mild 
dysplastic changes (such as karyorrhexis), no 

dysplastic signs were detected in the myeloid 
cells. The first bone marrow biopsy specimen 
revealed hypocellular bone marrow with a 
decrease in trilineage cells (Figure 1A). Atrophy 
of fat cells and prominent deposition of extra-
cellular slightly eosinophilic materials were 
observed (Figure 1A). These extracellular mate-
rials were positive for Alcian blue staining 
(Figure 1B) and digested by hyaluronidase 
(Figure 1C). No chromosomal abnormality was 
detected by the cytogenetic analysis. 

The second bone marrow aspirate specimen 
showed hypocellular bone marrow with a 
decrease in myeloid cells and a relative 
increase in lymphocytes. Erythroid cells were 
hardly detected. Myeloblasts were slightly 
increased (2.5%). Pseudo-Pelger-Huët cells 
(9%), which are neutrophils with bilobed nucle-
us instead of the normal trilobed shape, and 
hypogranular or agranular granulocytes (10%) 
were observed (Figure 2A). Moreover, only five 
megakaryocytes were present in the smear, 
and all of them showed dysplastic changes 
(such as multiple small nuclei) (Figure 2B). 
These features were typical for hypoplastic 

Figure 3. Histopathological features of the clot section 
of the second bone marrow aspirate. A: Fat cell atro-
phy, deposition of extracellular gelatinous materials, 
and decrease in the trilineage hematopoietic cells are 
observed. HE, x 200. CD41-positive small-sized mega-
karyocyte is noted. x 400. B: The extracellular gelati-
nous materials are positive for Alcian blue staining. Al-
cian blue staining, x 200. C: The extracellular gelatinous 
materials are digested by hyaluronidase. Alcian blue 
staining with digestion by hyaluronidase, x 200.
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Table 1. Clinicopathological features of gelatinous bone marrow transformation with myeloprolifera-
tive disorders
Case 
No. 

Age/Gen-
der

Initial presen-
tation

The relationship between GMT 
and myeloproliferative disorders

Cytogenetic 
analysis

Outcome Refer-
ence

1 48/Male Pancytopenia 
and fever

GMT was present 28 months 
prior to MDS/AML

Monosomy 7 Died of dis-
ease

5

2 79/Male Pancytopenia GMT and acute leukemia simul-
taneously

Not performed Died of brain 
hemorrhage

6

3 65/Male Not available GMT occurred after treatment 
for MDS

Monosomy 7 Died of bone 
marrow failure

7

4 74/Female Leukocytope-
nia

GMT and myelofibrosis simulta-
neously

Not performed Died of acute 
cholecystitis

8

Present 
case

73/Male Pancytopenia GMT was present 6 months 
prior to MDS

del (7q) Died of pneu-
monia

AML, acute myeloid leukemia; GMT, gelatinous bone marrow transformation; MDS, myelodysplastic syndrome. 

MDS. The second bone marrow clot section 
revealed hypocellular bone marrow with a 
decrease in trilineage cells (Figure 3A). A few 
small-sized megakaryocytes were also present. 
Atrophy of fat cells and prominent deposition of 
extracellular materials were observed as in the 
first bone marrow specimen. These extracellu-
lar materials were positive for Alcian blue stain-
ing (Figure 3B) and digested by hyaluronidase 
(Figure 3C). Immunohistochemical analyses 
showed that p53 protein-positive cells were 
scattered in the bone marrow, and CD41-
positive small-sized megakaryocytes were also 
present (Figure 3A, inset). 

Fluorescence in situ hybridization analysis of 
the bone marrow revealed deletion of 7q31 in 
20.2% of cells. 

According to these results, an ultimate diagno-
sis of hypoplastic MDS preceding GMT was 
made. 

Discussion

GMT is a rare phenomenon of the bone marrow 
characterized by fat cell atrophy, loss of hema-
topoietic cells, and deposition of extracellular 
gelatinous materials. The extracellular gelati-
nous materials in GMT are considered to con-
sist of mucopolysaccharides, mainly hyaluronic 
acid, as seen in the present case, because 
these materials are positive for Alcian blue 
staining and digested by hyaluronidase [1, 2]. It 
is well known that GMT is strongly associated 
with debilitating diseases, although the patho-
genesis is still unknown. Böhm analyzed 158 
cases of GMT among 80,000 bone marrow 
biopsy specimens and found that the incidence 

is approximately 0.2% [1]. In the series, the 
most common underlying disease of GMT is 
malignant tumor (37.5%), such as malignant 
lymphoma and carcinoma, followed by malnu-
trition (16.8%), infection (11.8%) such as AIDS, 
and maldigestion (10.1%) [1]. Most of the 
patients with malignant tumors in the series 
were in an advanced stage and had metasta-
ses, therefore, it was plausible that they were 
emaciated and may have been in poor nutri-
tional condition, in addition to possible admin-
istration of drugs to these patients. Generalized 
infectious disease with GMT, such as HIV, is 
suspected to be under conditions of malnutri-
tion and consumption. In addition, drugs can 
also cause GMT. The bone marrow after chemo-
therapy for acute myeloid leukemia and acute 
lymphoblastic leukemia showed severe GMT 
[1]. Therefore, these results suggest that the 
main causes of GMT are malnutrition and drugs 
[1]. 

Albeit extremely rare, a few cases of GMT with 
myeloproliferative disorders have been report-
ed [1, 5-8]. Table 1 summarizes the clinicopath-
ological features of GMT with myeloproliferative 
disorders as well as the present case. GMT 
series by Böhm contained 5 cases of MDS, and 
two cases showed weight loss and one case 
suffered from alcoholism [1]. However, the 
detailed clinicopathological features were not 
available, therefore, these cases were not 
included in this analysis. This condition affects 
mainly elderly males, and monosomy or dele-
tion of chromosome 7 was detected in three 
cases including the present case. Arranz et al. 
reported a case of GMT with MDS/acute 
myeloid leukemia [5]. In their case, the patient 
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presented with pancytopenia and fever, and ini-
tial bone marrow biopsy revealed GMT, while 
initial bone marrow aspirate showed mild dys-
plastic change in the erythroid precursors. Ten 
months after the initial biopsy, the second bone 
marrow biopsy showed an increase in the 
amount of extracellular gelatinous materials 
and dysplastic changes in the trilineage hema-
topoietic cells. Twenty-eight months after the 
initial biopsy, blasts were present in both the 
peripheral blood and bone marrow, and cytoge-
netic analysis demonstrated monosomy of 
chromosome 7 [5]. The clinical course of that 
case was similar to that of the present case, 
and GMT was observed prior to a diagnosis of 
MDS in both cases. This is the second docu-
mented case of MDS preceding GMT. Both 
cases had no main cause of GMT, such as mal-
nutrition or drugs. In addition, both of these 
cases had loss or deletion of chromosome 7 
[5]. 

The relationship between myeloproliferative 
disorders and GMT has not been resolved. 
Under physiological conditions, mucopolysac-
charides are not present in the bone marrow [1, 
2, 8]. It is speculated that the deposition of the 
extracellular gelatinous materials leads to an 
alteration in the hematopoietic microenviron-
ment and the stroma of the bone marrow to 
inhibit the interactions between hematopoietic 
cells and cell-signaling molecules [1, 7]. 
Although GMT was observed prior to a diagno-
sis of MDS in the present case and the report-
ed case by Arranz et al., the possibility that 
deposition of the gelatinous materials in the 
bone marrow resulted in the development of 
MDS was unlikely [5]. Thus, underlying MDS 
may induce the deposition of gelatinous materi-
als in the bone marrow by an unknown 
etiology. 

Hypoplastic MDS accounts for approximately 
10% of MDS, and defined as hematopoiesis 
that comprises less than 30% of the area of a 
total specimen [9, 10]. This variant of MDS is 
characterized by a better prognosis, lower 
peripheral white blood cell counts, and lower 
bone marrow blast percentage as compared to 
normo-/hypercellular MDS [9]. A difference in 
chromosomal abnormalities between hypo-
plastic and normo-/hypercellular MDS has 
been reported [9-13]. In all MDS cases, the 
most common karyotype is normal (48.3%), fol-
lowed by del (5q) (15.1%) and -7/del (7q) 

(10.7%), the latter of which is a characteristic 
chromosomal abnormality of MDS [11]. By con-
trast, in hypoplastic MDS cases, the incidence 
of -7/del (7q) is significantly low (3.8% of 71 
cases of hypoplastic MDS) [9, 10, 12, 13]. The 
incidence of -7/del (7q) is relatively high in 
cases of GMT with myeloproliferative disorders, 
therefore, a relationship between abnormality 
of chromosome 7 and GMT in myeloprolifera-
tive disorders may be present. 

In conclusion, we describe the second docu-
mented case of MDS preceding GMT. GMT is a 
rare phenomenon of the bone marrow; however 
this is not a specific disease and may have 
some underlying conditions. This case sug-
gests that myeloproliferative disorders includ-
ing MDS must be included in the differential 
diagnostic considerations of patients with GMT, 
who have no history of malnutrition or drugs, 
and careful observation of the bone marrow 
smear specimen and cytogenetic analysis are 
necessary for early detection of underlying 
myeloproliferative disorders. 
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