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Case Report
Hyperhomocysteinemia-related lung disease and  
hemolytic anemia with bone marrow features  
masquerading as myelodysplasia
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Abstract: Hyperhomocysteinemia is linked to TMA-related clinical symptoms such as apparent thromboembolism, 
microangiopathic hemolytic anemia (MAHA), and various types of end-organ damage due to microvascular thrombi; 
this is because high plasma levels of homocysteine impair the vascular endothelium. However, the association be-
tween hyperhomocysteinemia and pulmonary involvement is unclear. Here, we describe a 63-year-old male who was 
hospitalized with respiratory failure and MAHA with MDS-like features in the bone marrow. Plasma homocysteine 
levels were elevated significantly with 199.4 µmol/L (reference: 6.3-18.9) due to a homozygous (T/T) polymorphism 
for the 677C>T mutation within the MTHFR gene associated with chronic alcoholism-induced folate deficiency. Pul-
monary lesions showed ground-glass opacity and there was pleural effusion. The patient was managed successfully 
with a combination of folate/mecobalamin supplementation, plasma exchange, and a methylprednisolone pulse, 
followed by oral prednisolone. Clinical symptoms, lung disease, MAHA, and bone marrow abnormalities improved as 
plasma homocysteine levels normalized.

Keywords: Hyperhomocysteinemia, thrombotic microangiopathy, methylenetetrahydrofolate reductase, lung dis-
ease, myelodysplasia

Introduction

Hyperhomocysteinemia is a risk factor for 
thromboembolism because high plasma levels 
of homocysteine damage the vascular en- 
dothelium [1, 2]. It also triggers thrombotic 
microangiopathy (TMA)-like features, charac-
terized by the appearance of increased num-
bers of schistocytes in the peripheral blood  
[3]. TMA is characterized by microangiopathic 
hemolytic anemia (MAHA), thrombocytopenia, 
and microvascular thrombi that cause end-
organ damage [4]. However, the association 
between hyperhomocysteinemia and pulmo-
nary involvement (diffuse lung disease and  
pulmonary arterial hypertension, with or with-
out thromboembolism) remains unclear [5-7]. 
By contrast, hyperhomocysteinemia has been 
reported in cases of myelodysplastic syndro- 
me (MDS) [8]. Hyperhomocysteinemia is cau- 
sed by a combination of nutritional deficiency, 
particularly vitamin B6, vitamin B12, or folate, 

and a 677C>T polymorphism (T/T type) of the 
methylenetetrahydrofolate reductase (MTHFR) 
gene [9-12]. Here, we report a rare case of 
hyperhomocysteinemia-related lung disease  
in an elderly patient with MAHA triggered by 
chronic alcoholism-induced folate deficiency 
associated with T/T type polymorphism of the 
MTHFR C677T gene; the patients showed  
bone marrow characteristics mimicking MDS. 
The patient was treated successfully with fo- 
late/mecobalamin supplementation and plas-
ma exchange followed by prednisolone ad- 
ministration.

Case report

A 63-year-old male patient visited the emergen-
cy clinic with palpitations on exertion. He had a 
history of alcoholism and a cerebral infarct at 
the left basal ganglia, which caused hemipare-
sis 3 years earlier. The following data were 
obtained on admission: height, 173 cm; weight, 
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63.2 kg; temperature, 36.9°C. He was alert, 
but respiratory failure required oxygenation (5 
L/min) to maintain SpO2 at 97%. Under these 
conditions, blood pressure was 111/79  
mmHg; heart rate, 108/min (with no arrhyth-
mia); and respiratory rate, 22/min. Neither 
rales nor heart murmurs were audible on chest 
auscultation. Chest computed tomography (CT) 
revealed pleural effusion and ground-glass 
opacity in the right upper lung fields (Figure  
1), but neither infectious nor autoimmune 
respiratory disease was identified. Contrast-
enhanced CT showed no evidence of pulmo-
nary thromboembolism. Laboratory data were 
as follows: WBC 5,400/µL (reference: 3,000-
8,500), Hb 6.2 g/dL (13-17), MCV 112.2 fL  
(83-100), platelet count 121 K/µL (150 K-360 
K); reticulocyte count 11‰ (3-11), serum CRP 
0.61 mg/dL (<0.29), AST 169 U/L (13-37),  
ALT 88 U/L (8-45), LDH 4,452 U/L (122-228) 
with a LDH isozyme 1 and 2 dominant pattern, 
indirect bilirubin 2.68 mg/dL (<0.5) and hapto-
globin 2 mg/dL (>58). Renal function was nor-
mal. A direct Coombs test was negative, and a 
peripheral blood smear showed increased 
numbers of schistocytes (Figure 2A), which is 
indicative of TMA-induced MAHA. Serum vita-
min B12 levels were normal with 339 pg/mL 
(reference: 233-914), while folate levels were 
low with 2.7 ng/mL (3.6-12.9). Coagulation 
data were as follows: PT-INR 1.43 (0.9-1.1), 
APTT 40.7 sec (control: 28.2), fibrinogen 136 
mg/dL (200-400), FDP 7.2 µg/mL (<2.5) and 
D-dimer 3.4 µg/mL (<1.0). Other data were as 
follows: plasma homocysteine 199.4 µmol/L 
(6.3-18.9), ADAMTS13 activity 37% (25-50% 
defined as a mild decrease); complement C3 

44 mg/dL (80-140), C4 15.8 mg/dL (11-34); 
CH50 21 U/mL (30-45) and sIL-2R 322 U/L 
(122-496). Anti-nuclear antibodies, lupus anti-
coagulant, and other autoimmune antibodies 
were negative. There were no renal failure/ 
neurologic symptoms. Bone marrow was nor-
mocellular, with significant erythroid hyperpla-
sia (total erythroid 40%, with 20% pro-normo-
blasts) and an M/E ratio of 0.98 in asso- 
ciation with florid erythroid dysplasia. No 
increase of non-erythroid blasts was noted 
(Figure 2B). The bone marrow karyotype was 
46, XY (20/20). Under the 2016 WHO classifi-
cation, we made a diagnosis of MDS [13]. 
Eventually, he was tested for MTHFR gene poly-
morphism; the patient was homozygous (T/T) 
for the MTHFR 677C>T gene variant.

Considering his poor general condition, he 
received prophylactic antibiotics (CTRX) treat-
ment. On the 5th hospital day, a plasma  
homocysteine assay conducted by an external 
laboratory showed a significantly high value; 
therefore, he received a combination of oral 
folate (15 mg/day)/mecobalamin (1000 µg/
day). In addition, he received plasma exchange 
(40 U/day) with methylprednisolone pulse  
(500 mg/day) for three successive days. This 
was followed by oral prednisolone (initial dose, 
60 mg/day [approximately 0.95 mg/kg/day], 
followed by tapering) (Figure 3). As shown, 
along with rapid decline of plasma levels of 
homocysteine, clinical symptoms such as lung 
disease and MAHA improved within 2-3 weeks 
after the interventions. The patient became 
able to maintain SpO2 >95% without oxygen-
ation, with normalized plasma FDP/D-dimer, 
after 7 days. MAHA-related pancytopenia also 
improved in association with serum LDH  
down from 4,452 U/L to 321 U/L in 2 weeks. 
Plasma homocysteine levels normalized after 3 
weeks. When his general condition stabilized, 
the patient received cardiac catheter examina-
tion, which suggested no pulmonary arterial 
hypertension (PAH). Also, no thromboembolism 
was found in pulmonary vessels on repeated 
contrast-enhanced CT. Furthermore, repeat 
bone marrow examination at week 7 of treat-
ment, found no features of MDS.

Discussion

The hyperhomocysteinemia in our case was 
thought to be due to the combined effect of 
alcoholism-induced folate deficiency and a 

Figure 1. Lung CT shows diffuse ground-glass opaci-
fication, predominantly in the upper region of the 
right lung (arrows), associated with pleural effusion 
in both lungs (arrow heads). No infectious or autoim-
mune cause was identified.
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homozygous (T/T) type MTHFR gene polymor-
phism. Nutritional deficiency, particularly vita-
min B6, vitamin B12, and folate, due to chronic 
alcohol intake could disrupt the methionine 
cycle, resulting in high plasma levels of homo-
cysteine [14, 15]. The cerebral infarct that 
occurred 3 years earlier was also assumed to 
be related to hyperhomocysteinemia [16], 
although homocysteine levels were not tested 
at that time. However, this time, the clinical 
symptoms of lung disease were thought to be 

masquerading as MDS due to hyperhomocy- 
steinemia.

The patient was treated successfully with a 
combination of folate/mecobalamin supple-
mentation, plasma exchange, and predniso-
lone. Plasma exchange has been proposed for 
the management of conditions associated with 
TMA [4], although hyperhomocysteinemia-re- 
lated lung disease is not included as an indi- 
cation for this therapeutic measure [4]; fortu-

Figure 2. A. Peripheral blood film shows schistocytes on the smear (original 
magnification ×1,000). B. Bone marrow analysis reveals pronormoblast-
dominant erythroid hyperplasia associated with florid erythroid dysplasia, 
which was diagnosed initially as MDS (original magnification ×1,000). 

Figure 3. Clinical course of the patient. The bold black line graph indicates 
plasma levels of homocysteine, which declined rapidly during the first week 
and remained within the normal range between weeks 3-7. Clinical symp-
toms such as lung disease and MAHA improved within 2-3 weeks after the 
interventions. Units on the vertical axis = µmol/L. Therapy comprised of (A) 
intravenous CTRX (1 g/day); (B) oral folic acid (15 mg/day) and mecobalamin 
(1000 µg/day); (C) plasma exchange (40 U/day for 3 days) with methylpred-
nisolone pulse (500 mg/day ×3 days); and (D) oral prednisolone (starting 
dose 60 mg/day, tapered weekly). 

related to hyperhomocystein-
emia. As hyperhomocystein-
emia-related lung disease,  
primary PAH, chronic throm- 
boembolic pulmonary hyper-
tension (CTEPH) as well as dif-
fuse lung disease (DLD) have 
been described (Table 1). In 
association with hyperhomo-
cysteinemia, TMA might have 
caused vasoconstriction, vas-
cular smooth muscle cell pro-
liferation, and microthrombus 
formation in the lungs; the 
damaged vascular endothelial 
cells in the pulmonary vessels 
may then lead to increased 
permeability of pulmonary 
capillaries, resulting in the dif-
fuse ground-glass opacifica-
tion and nodular images [5-7, 
17]. Thus, we assumed that 
the lung disease was closely 
linked to high plasma homo-
cysteine levels because we 
ruled out other causes such 
as infectious and/or autoim-
mune diseases; also, FDP/D-
dimer levels which were high 
at onset normalized together 
with clearance of lung shad-
ows in 7 days. In addition, 
although we first suspected 
that the high plasma homo-
cysteine level was due, at 
least in part, to MDS (as 
described by Cortelezzi [8]), 
the later disappearance of 
MDS-like bone marrow fea-
tures associated with improv- 
ed homocysteine and folate 
levels indicates that initial 
bone marrow findings were 
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nately, in our case, plasma exchange was use-
ful in reducing the levels of plasma homocys- 
teine rapidly. Furthermore, we assume that 
prednisolone might have worked by repairing 
systemic vascular endothelial damage includ-
ing pulmonary vessels, thereby improving lung 
disease and MAHA.

Hyperhomocysteinemia is caused by folate/
vitamin B12 deficiency [3, 18] (with or without 
the homozygous (T/T) 677C>T MTHFR gene) 
[9-12], cystathionine-β-synthase gene muta-
tions [19], or a combination of these. In our 
case, the MTHFR gene (T/T) variant might  
have played a major role in causing exceed- 
ingly high plasma homocysteine levels. Increa- 
sed plasma levels of homocysteine are gener-
ally defined as moderate (15-30 µmol/L), inter-
mediate (30-100 µmol/L), or marked (>100 
µmol/L) [20]. To date, reported plasma homo-
cysteine levels in cases of pulmonary/hemato-
logical diseases are as follows: 20.4 μmol/L 
[21], >50.0 μmol/L [10], 70 µmol/L [22], 50- 
250 µmol/L [23], and 12-43 µmol/L [8]. The 
clinical symptoms in our case (lung disease, 
MAHA, and MDS-like bone marrow features) 
were thought to be due to significantly high 
plasma homocysteine levels (199.4 µmol/L).

In summary, plasma homocysteine, vitamin 
B12, and folate levels should be assessed 
when a patient presents with TMA-like features 
associated with increased numbers of schisto-
cytes in the blood, MAHA and lung disease. 
Additionally, genetic analysis of the MTHFR 
C677T polymorphism is essential. Since cases 
of CTEPH complicated by hyperhomocystein-
emia has been reported [21, 23], close follow-
up of this patient is planned after discharge 
from hospital.
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