 
Stomatocytes - a whistleblower for future familial cardiovascular events- unraveling the diagnosis of Sitosterolemia in an Indian family. 
Sir,
Sitosterolemia, also known as Mediterranean stomatocytosis/macrothrombocytopenia, is an autosomal recessive metabolic condition and a very rare cause of inherited hemolytic anemia. There are a few Indian families reported to date with molecular confirmation.1,2 The mere rarity of the entity makes the diagnosis difficult. Most patients who have hematological manifestations may be misdiagnosed as chronic idiopathic thrombocytopenia (ITP) or hereditary spherocytosis (HS).‘The eyes see what the mind knows’ -this idiom fits well when evaluating peripheral smear in a suspected case of chronic ITP or HS and the following case reiterates this.  
Case report
A 16-year-old girl, a resident of Meerut, Uttar Pradesh, India, was on intermittent follow-up with our center for complaints of chronic anemia, thrombocytopenia, and splenomegaly. She was diagnosed with hereditary spherocytosis with ITP nearly a decade ago. There were intermittent episodes of jaundice and epistaxis for 10 years. There was no history of gallstones.
Laboratory investigation on her latest visit showed total bilirubin 2.57mg/dL, indirect bilirubin 2.09 mg/dL, aspartate and alanine transaminases 40 IU/L (5-34 IU/L) and 38 IU/L (0-55 IU/L) respectively, alkaline phosphatase 574 IU/L (40-150 IU/L). The hemogram revealed haemoglobin of 94 g/L, total red cell count 2.72X1012/L, hematocrit 30.1%, mean cell volume 110.7fL, mean cell haemoglobin 34.6 pg, mean cell haemoglobin concentration 34.6 g/dL,  red cell distribution width 34.6%, platelets 96X109/L (confirmed manually on smear),  immature platelet fraction (IPF) 33%.  The total leucocyte count was 7.1X109/L. Reticulocyte count was 9.90%. The absolute reticulocyte count was 2,69,300/μl. On peripheral smear, a fair number of stomatocytes (~60% of red cells), many polychromatophils, a few spherocytes (~05% of the red cells), and many giant platelets (macrothrombocytes) were seen (Figure 1A). Stomatocytes were confirmed on review of peripheral smear made from previous samples received for flow cytometry for double negative T cells. Direct antiglobulin test was negative ruling out Evan’s syndrome. In view of cytopenias and splenomegaly evaluation of autoimmune lymphoproliferative disorder (ALPS) was also done. The double negative T-cell receptor (TCR) αβ+cells constituted ~1.33% of CD3+cells and ~0.87% of total lymphocytes on multiparametric flow cytometry on peripheral blood, thus excluding ALPS. Incubated osmotic fragility (OFT) showed a normal curve of osmotic fragility with respect to the healthy reference. Eosin 5’ maleimide (EMA) dye binding test showed no fall in median fluorescence intensity of EMA on red cells as compared to the mean of 5 healthy controls, thus excluding hereditary spherocytosis. Together with morphology showing stomatocytic haemolytic anemia and macrothrombocytopenia, the possibility of inherited stomatocytic disorder (especially sitosterolemia) was suggested. The same was confirmed on next-generation sequencing (NGS) that showed a homozygous nonsense mutation in exon 6 of the ABCG5 gene c.727C>T (p.Arg243Ter) (Figure 1B). 
In view of the above results, the patient's previous clinical and laboratory records were reviewed which revealed the onset of jaundice and epistaxis at the age of six years, followed by lethargy and pallor. In view of splenomegaly, and peripheral smear showing reticulocytosis and spherocytes, evaluation of HS was done but non-contributory.  She continued follow-up visits for complaints of lethargy and episodes of epistaxis. The previous lab investigations had revealed thrombocytopenia with raised IPF and thus an additional diagnosis of ITP was considered and she was started on steroids, tranexamic acid, and hematinics. Her symptoms were temporarily relieved but there were recurrences of the same over the years. Family history did not reveal any such symptoms or finding in her siblings or parents. As the clinical findings were not tandem with either HS, ITP or Evan’s syndrome, the clinician asked for a peripheral smear of the patient, the careful review of which helped in the final diagnosis. Her parent’s peripheral smear also showed the presence of stomatocytes and macrothrombocytes. There were no skin xanthomas on the review of the physical examination of the patient. 
Discussion
Sitosterolemia is a rare autosomal recessive disorder in which there is increased gastrointestinal absorption and reduced excretion of plant sterols (sitosterols).3 Homozygous or compound heterozygous or double loss of function (LOF) mutations in adenosine triphosphate-binding cassette transporter genes ABCG5 or ABCG8 are responsible for increased absorption of plant sterols.3 Normally, only 5% of dietary plant sterol is absorbed, which in turn helps regulate the serum cholesterol levels. The clinical presentation varies from xanthomas, atherosclerosis, and its complications to milder phenotypes.3 The haematological manifestations include hemolytic anaemia, with or without macrothrombocytopenia, and splenomegaly.4
Our patient did not show the typical manifestations of sitosterolemia like xanthomas, arthralgias, or premature atherosclerosis. As the primary presentation was with only hematological manifestations, there was a delay in her diagnosis. Few similar case reports have been reported which showed primarily hematological manifestations and thus led to initial misdiagnosis as chronic hemolytic anemia/thrombocytopenia,  inappropriate therapies, and delay in life-saving interventions to minimize premature atherosclerosis-related complications.1,2,4
The elevation of phytosterol levels was not demonstrated in this case due to the non-availability of gas chromatography-mass spectrometry. However, the distinctive peripheral blood morphology and pathogenic homozygous mutation in exon 6 of the ABCG5 gene nailed the diagnosis. 
As per the database of the Exome Aggregation Consortium (ExAC) Exome browser, the prevalence of the pathogenic mutation in the ABCG5 or ABCG8 gene is 1 in ~220 general individuals, bringing the prevalence of homozygous or compound heterozygous individuals to be 1 in ~20000 individuals.3 This reiterates the fact that in patients with macrothrombocytopenia and anemia, one should make an effort to look for stomatocytes. The advantage of diagnosing more such cases, especially those misdiagnosed as familial hypercholesterolemia, is that since these patients do not respond to standard statin treatment, initiation of appropriate interventions can be life saving.3 These patients are prone to coronary artery disease (CAD) due to increased Low-density lipoprotein (LDL) levels.3 The main cornerstone of its management is a dietary restriction of excess plant sterols which includes vegetable oil (especially corn and sesame oil), margarine, nuts, chocolates, etc.5 In addition, due to the restriction of cholesterol regulating plant sterols indeed patients need to check their dietary intake of cholesterol too.5  Treatment with sterol absorption inhibitor ezetimibe or bile-salt binding resins can help control the sterol levels.6 Other measures that have been tried in rare instances are ileal bypass surgery, LDL apheresis, and liver transplantation.3  Annual surveillance is recommended which includes plant sterol levels, LDL levels, hematological parameters, liver function tests and non-invasive imaging to exclude any coronary/carotid atherosclerotic manifestation. As per the guidelines, LDL cholesterol instead of sitosterol should be the target biomarker for disease surveillance.3 Also, genetic counseling should be offered to the family for testing of at-risk relatives.  
In our case, the patient has started the dietary modifications and is on tab ezetimibe 10mg/day with a  regular follow-up.
Figure legend 1A: Wright-Giemsa stained peripheral blood smear (100X magnification) shows several stomatocytes and giant platelets (macrothrombocytes). 2A: Next-generation sequencing shows homozygous non-sense mutation in exon 6 of the ABCG5 gene chr2:g 43826429bp mutation G>A;depth:328x resulting in a stop codon and premature truncation of the protein at codon 243 (p.Arg243Ter;ENST00000405322.8) (courtesy MedGenome Labs Ltd., Bangalore, India). 

[bookmark: _GoBack]References
1. Jamwal M, Aggarwal A, Maitra A, Sharma P, Bansal D, Trehan A, Thapa BR, Malhotra P, Das R. First report of Mediterranean stomatocytosis/macrothrombocytopenia in an Indian family: a diagnostic dilemma. Pathology. 2017;49:811-815.
2. Desai SR, Korula A, Kulkarni UP, Menon AA, Ramachandran SV, Sindhuvi E,  et al. Sitosterolemia: Four Cases of an Uncommon Cause of Hemolytic Anemia (Mediterranean Stomatocytosis with Macrothrombocytopenia). Indian J Hematol Blood Transfus. 2021;37:157–161.
3. Tada H, Nomura A, Ogura M, Ikewaki K, Ishigaki Y, Inagaki K, et al. Diagnosis and management of sitosterolemia 2021. J Atheroscler Thromb. 2021;28:791-801.
4. Wang Z, Cao L, Su Y, Wang G, Wang R, Yu Z, et al. Specific macrothrombocytopenia/hemolytic anemia associated with sitosterolemia. Am J Hematol. 2014;89:320-324.
5. Izar MC, Tegani DM, Kasmas SH, Fonseca FA. Phytosterols and phytosterolemia: gene-diet interactions. Genes Nutr. 2011;6:17-26.
6. Salen G, von Bergmann K, Lütjohann D, Kwiterovich P, Kane J, Patel SB, et al. Multicenter Sitosterolemia Study Group. Ezetimibe effectively reduces plasma plant sterols in patients with sitosterolemia. Circulation. 2004;109:966-971.
 




