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there is no de�nite marker to distinguish MDS from other hema-

tologic diseases based on the patient’s peripheral blood. Findings 

of dysplastic features from peripheral blood are limited. Large or 

abnormally granulated platelets, pseudo–Pelger-Huët anomaly 

and hypogranular cytoplasm in neutrophils, basophilic stippling, 

and poikilocytosis in red blood cells (RBCs) are features that can 

be observed in a peripheral blood smear using light microscopy 

[1]. However, these features are not unique to MDS and are not 

observed frequently. Bone marrow examination must therefore 

be performed to diagnose MDS.

In this study, we employed optical diffraction tomography (ODT) 

to perform three-dimensional (3-D) imaging of RBCs from a pa-

tient with MDS. Based on laser interferometry, ODT reconstructs 

the 3-D refractive index (RI) distributions of samples without a la-

beling procedure [2]. The RI tomograms of individual RBCs pro-

vide information about the morphological, biochemical, and me-

chanical parameters at the individual cell level [3]. Conventionally, 

3-D images of RBCs have been obtained using scanning electron 

microscopy (SEM) [4]. However, SEM has limitations in its time-
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The three-dimensional (3-D) shape of erythrocytes is strongly associated with various diseases. However, conventional optical imaging approaches 
with Wright’s staining only provide information on two-dimensional morphology. Here, we employed optical diffraction tomography (ODT), a label-
free 3-D quantitative phase imaging technique, and observed uniquely shaped red blood cells (RBCs) in the peripheral blood of a patient diagnosed 
with myelodysplastic syndrome. Peripheral blood samples were collected when the patient visited our hospital for his two out-patient follow-ups in 
May 2018. The 3-D tomograms of randomly chosen RBCs were reconstructed using a commercial ODT setup. From the reconstructed 3-D RBCs, 
37.5% and 32.8% of RBCs demonstrated cup-like shapes at the first and the second out-patient follow-up, respectively. Even though this is a sin-
gle case report, the finding is novel and can be a potential dyserythropoietic feature found in peripheral blood.
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consuming sample preparation procedures as well as high cost. 

In contrast, ODT provides rapid and simple 3-D live-cell imaging. 

Currently, Wright-staining of peripheral blood and observation 

with light microscopy is the standard method to examine blood 

cell morphologies. However, this technique can only provide the 

projected 2-D images of cells. Because MDS features in peripheral 

blood cells are non-speci�c and dif�cult to detect by conventional 

protocols, we investigated new characteristics of MDS RBCs in 

peripheral blood by examining the 3-D RI tomograms of individ-

ual RBCs. Using ODT, we found distinct cup-like-shaped RBCs in 

a patient diagnosed with MDS. 

CASE REPORT

The patient is a 46-year-old male who was diagnosed with MDS 

with excess blasts-2 in July 2017. His karyotype was normal. He 

underwent an allogeneic hematopoietic stem cell transplantation 

(HSCT) in January 2018. He visited our hospital for regular follow-

ups and underwent bone marrow and peripheral blood examina-

tions on May 14, 2018. The bone marrow showed normocellular 

marrow showing trilineage regeneration with little remains of 

erythroid dysplastic features. The blasts count was 0.2% and had 

4% of dyserythropoietic features such as multinuclearity. Post-HSCT 

chimerism monitoring of peripheral blood showed no signs of re-

cipient chimerism. On determining his complete blood count, the 

hemoglobin level was found to be 7.8 g/dL; platelet count, 57×

109/L; white blood cell count, 4.6×109/L; and mean corpuscular 

volume, 106.5 fL. The blood smear demonstrated pancytopenia. 

He had occasionally been receiving leukoreduced RBCs to cor-

rect severe anemia since the HSCT. The last RBC transfusion be-

fore performing the bone marrow examination was conducted 

one month ago. The RBCs showed anisopoikilocytosis with hy-

pochromic and macrocytic features (Fig. 1A). Few stomatocytes 

were observed, but their proportion was not clinically signi�cant 

(<5%). With the same peripheral blood, we reconstructed 3-D 

RBCs using an ODT setup microscope. For the normal reference, 

cells from a healthy individual who visited our hospital for a regu-

lar health check-up were used. The 3-D RBC acquisitions from 

the patient and the healthy individual were performed on the pa-

tient’s next out-patient visit on May 29, 2018.

We collected blood samples in the EDTA anticoagulant tube 

which were left over from the complete blood count tests performed 

Fig. 1. Erythrocytes in peripheral blood from the treated patient diag-
nosed with MDS with excess blasts-2. (A) Light microscopy (Wright 
stain, ×1,000). (B-D) Upper and side views of reconstructed 3-D RBC 
images using an ODT setup microscope, HT-1H (Tomocube Inc., Korea) 
and a commercial software (Tomostudio, Tomocube, Inc., Korea). (B) 
Some of the cup-shaped RBCs found in the patient’s peripheral blood. 
(C) Some of the abnormal RBCs excluding the cup-shaped RBCs found 
in the patient’s peripheral blood. (D) Some normal RBCs found in the 
patient’s peripheral blood. 
Abbreviations: MDS, myelodysplastic syndrome; RBC, red blood cell.
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by the Department of Laboratory Medicine, Asan Medical Center. 

Collected blood (5 μL) was diluted with Dulbecco’s phosphate-

buffered saline (DPBS) without calcium and magnesium (1 mL) 

(Thermo Fisher, Waltham, MA, USA). The diluted blood was loaded 

on a coverslip of 25×50 mm (C025501, MATSUNAMI GLASS Ind., 

LTD., Japan) and covered with another similar coverslip. 3-D RI to-

mograms were measured using a commercial ODT setup micro-

scope, HT-1H (Tomocube Inc., Daejeon, Korea). This system re-
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constructs the 3-D RI tomogram of a sample from multiple 2-D 

holographic images of the sample obtained using various illumi-

nation angles. For the visualization and analysis of the measured 

3-D RI tomograms and for obtaining RBC parameters, a commer-

cial software (Tomostudio, Tomocube Inc., Daejeon, Korea) was 

used. The sample prepared with coverslips was placed between 

the condenser and objective lens. RBCs that were sedimented on 

to the coverslip were randomly selected from the 2-D hologram 

view. Multiple RI tomograms were recorded for each RBC and re-

constructed into a 3-D image. Forty to 60 RBCs were reconstructed 

into 3-D images per sample [2, 5]. The study was conducted ac-

cording to the principles of the Declaration of Helsinki, using re-

maining blood; the procedures described above were approved 

by the responsible ethics committee of Asan Medical Center (IRB 

project number: 2018-0071, 2018-0072).

There were unique cup-shaped RBCs in the patient’s peripheral 

blood (Fig 1B). The 3-D reconstructed RBCs were divided into 3 

groups based on their morphology: cup-shaped, abnormal shapes 

other than the cup-shape, and normal (Fig. 1B-D). We found that 

37.5% and 32.8% of RBCs from the MDS patient showed cup-shaped 

RBCs whereas none were found in the control (Table 1). Results 

from light microscopy were unable to differentiate between cup-

shaped and normal RBCs.

DISCUSSION

Easy acquisition of 3-D images of RBCs is a great advantage of 

ODT microscopy. It is not possible to discover unique morpho-

logic characteristics during routine peripheral blood smear exam-

inations which cover only the surface of RBCs. The only clinically 

signi�cant �ndings were pancytopenia with increased mean cor-

puscular volume (MCV), and red blood cell distribution width 

(RDW) observed in the patient’s Wright-stained peripheral blood 

slide. The patient had undergone HSCT which was apparently 

successful. However, pancytopenia in the peripheral blood and 

signs of dysgranulopoiesis in the bone marrow suggested that 

MDS was not fully cured. A high number of poikilocytes includ-

ing spherocytes and stomatocytes demonstrates changes in cell 

volume or membrane surface area due to changes in the compo-

sition of membrane and cytoskeletal elements [6, 7]. It is possible 

that cup-shaped RBCs are one of the dyserythropoietic features 

that can be observed in peripheral blood. The RBC membrane 

consists of a lipid bilayer and spectrin network. The spectrin net-

work confers resistance to bending force and shear strain, and 

maintains the shape of the RBC. It is tightly attached to the lipid 

bilayer in normal RBCs under normal conditions. This tight and 

elastic structure can become dissociated in pathologic conditions 

[8]. The integrity of RBC structure is determined by various prop-

erties such as membrane composition, cytoplasm viscosity, spec-

trin network, shape, and size [9, 10]. Genetic alteration also plays 

a major role in the formation of dysplastic RBCs. For example, 5q 

deletion affects the ribosomal protein RPS14, leading to abnormal 

erythrocyte maturation. Many mutations have been found respon-

sible for the diverse mechanisms of dyserythropoiesis [11]. Since 

our patient had normal karyotype when he was diagnosed, high-

resolution techniques such as chromosomal microarray might re-

veal small mutations. However, when diagnosing MDS, morpho-

logical criteria can be more important and informative [12]. Della 

Porta et al. [13] performed a systematic review to identify a solid 

criteria to de�ne dysplasia for diagnosing MDS. For erythroid dys-

plasia, signi�cant correlations were found with the number of 

dysplastic erythroblasts. On the other hand, there were no signi�-

cant correlations with the cytogenetic risks strati�ed according to 

the MDS cytogenetic scoring system or the number of somatic 

mutations.

In this study, we were unable to con�rm whether the cup-shaped 

RBC is a dyserythropoietic feature. Study samples from MDS pa-

tients as well as patients with all kinds of anemia must be exam-

ined for poikilocytes in 3-D images. The ODT setup microscope 

can be a more sensitive tool for observing poikilocytes compared 

to the light microscope. Less than 5% of stomatocytes were ob-

served in the patient’s peripheral blood smear whereas more than 

30% were cup-shaped RBCs in 3-D images. However, RBC trans-

fusion cannot be ruled out as a cause of the shape change observed 

in the cells. More RBCs from MDS patients and normal RBCs from 

Table 1. RBC counts by morphology in each sample

Date RBC samples
Cup-

shaped  
N (%)

Abnormal 
shaped*  
N (%)

Normal 
shaped  
N (%)

Total  
N (%)

2018.5.14 Patient with MDS 15 (37.5) 2 (5.0) 23 (57.5) 40 (100)

Healthy reference 0 (0) 2 (4.2) 46 (95.8) 48 (100)

2018.5.29 Patient with MDS 20 (32.8) 5 (8.2) 36 (59.0) 61 (100)

Healthy reference 0 (0) 2 (3.4) 57 (96.6) 59 (100)

*Cup-like shaped RBCs are not included in this category.
Abbreviations: RBC, red blood cell; MDS, myelodysplastic syndrome.
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the reference group are thus needed for further studies. The rapid 

and precise imaging ability of ODT enabled direct measurement 

of the 3-D morphology of these cup-shaped RBCs from the MDS 

patient [14]. Furthermore, the label-free feature of ODT can be po-

tentially useful for the rapid diagnosis of MDS and related diseases.

In conclusion, the cup-shaped RBCs may be considered as a 

dysplastic feature of MDS in the peripheral blood, which was not 

observed by light microscopy in this study. Further studies with a 

large population are absolutely needed to support this hypothe-

sis. However, if con�rmed, cup-like RBCs can be helpful to iden-

tify dysplastic features of MDS in peripheral blood. Nonetheless, it 

is obvious that 3-D images of RBCs are de�nitely helpful and 

more sensitive for detecting poikilocytes or dysplastic features 

compared to 2-D images.

요  약

Optical diffraction tomography (ODT) 기술은, 염색이나 전 처

리 없이, 샘플의 3차원 영상을 바로 측정 가능하다. 한 골수이형성

증후군 환자의 말초혈액에서 추출한 적혈구의 3D 이미지를 ODT 

현미경을 이용하여 측정하였고, 컵 모양 형태를 보이는 적혈구가 

다수 관찰되었다. 두 번의 내원 당일 채혈한 말초혈액에서 적혈구

를 관찰한 결과, 각각 37.5%와 32.8%의 적혈구가 컵 모양을 보였다. 

비록 한 명의 환자에서 발견이 된 소견이지만, 기존의 광학현미경

에서 관찰할 수 없는 독특한 형태의 변형적혈구로서, MDS에서 보

이는 적혈구의 소견일 수 있을 것으로 보여 증례와 함께 보고하는 

바이다.
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