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SI Text
Patient’s HU Status. It was ascertained that on-HU patients were
prescribed HU therapy and treated for several months to years.
Dosage is normally started low and gradually increased to the
maximum tolerated dose without side effects. It was also known
that off-HU patients were not prescribed HU.

MCHC Estimation. Based on the linear correlation between cell
density and MCHC value (1), we calculated the values of MCHC
for each density fraction to be 27.3, 30.9, 34.9, and >37.4 g/dL for
density 1, 2, 3, and 4, respectively. Further HPLC analysis in
combination with cell sickling confirmed a lack of correlation
between HbF concentration and the sickled fraction of DeOxy
cells. Interestingly, HPLC analysis revealed that levels of HbS
and the other hemoglobin types HbF, HbA, and HbA2 did not
vary significantly among the density-separated populations ex-
cept the dense cell populations (Fig. S6), whereas the influences
of cell density and HbS concentration were well-pronounced in
the microfluidic tests (Fig. S4B). These findings highlighted the
importance of hydration state in cell sickling. We then used
MCHC-S and MCHC-F to take into account both hydration
state and Hb content. The values were obtained by multiplying
the MCHC value by %HbS or %HbF.

Single-Cell Rheology. Significant correlation was found between
cell velocity and the mean corpuscular volume (MCV; Pearson’s
R = −0.89, P < 0.001). No notable correlation was found be-
tween cell velocity and other hematological parameters (e.g.,

MCHC, HCT, %HbS, %HbF, %HbA, %HbA2, WBC). The
MCV value is in the range of 63–101 fL for the off-HU group
and from 99 to 133 fL for the on-HU group in the study. Cell
velocities of the on-HU group were thus lower than those for the
off-HU group, which is ascribed to elevated cell volume resulting
from HU therapy. Cell velocities of two cases of off-HU with
transfusion (off-HU/T; HbS of 43.5% and 44.3%) were essen-
tially the same as those for the off-HU cases without transfusion,
mainly because of similar MCV levels (Fig. S2B).

Antisickling Drug.Aes-103 (5-hydroxymethylfurfural) can stabilize
the relaxed/oxygenated state (R state) of hemoglobin and in-
crease the oxygen affinity of hemoglobin. Its antisickling effects
have been demonstrated in SCD under both in vitro and in vivo
conditions (2–4). Here we evaluated our microfluidic assay by
quantifying the antisickling effect of Aes-103 at millimolar con-
centrations on three on-HU and three off-HU patient samples
(%HbS ranges from 69.2 to 90.1%). The distribution of sickled
fractions does not completely correlate with the patient’s HU
status. In the absence of Aes-103, the sickled fractions varied
from 34 to 73% (mean ± SD; 54% ± 18%). With the presence of
Aes-103, the sickled fraction decreased with drug concentration,
with R2 = 0.95 for a linear regression (Fig. S7). This trend is
consistent with a previous study (2).

Effective Sickled Fraction. To exclude the influence of HbA, an
effective sickled fraction (sickled fraction*) was used based on
the sickled fraction divided by (1 − HbA concentration).
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Fig. S1. Delay time of (A) cell sickling and (B) cell unsickling for maximum sickled fraction of individual samples under the long-term DeOxy state. Error bars
indicate standard deviations.
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Fig. S2. Velocity distribution of deformable sickle RBCs. (A) Cell velocity against MCV under the Oxy state. (B) Cell velocity against patient’s HU status and
transfusion under the Oxy and DeOxy states. Error bars indicate standard deviations.

Fig. S3. Role of cell density. (A) Density distribution among the four density populations. Error bars indicate standard deviations. (B and C) Profiles of sickled
fractions for a representative (B) on-HU case and a (C) off-HU case under the short-term DeOxy state. Profiles of sickled fractions for a representative (D) on-HU
case and an (E) off-HU case under the long-term DeOxy state.

Fig. S4. Role of cell density in (A) delay time of cell unsickling and (B) sickled fraction under the long-term DeOxy state. Error bars indicate standard deviations.
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Fig. S5. Effects of %HbF on kinetics of cell sickling of density-fractionated populations. (A) Delay time of cell sickling. (B) Sickled fraction under the short-term
DeOxy state. Error bars indicate standard deviations.

Fig. S6. (A–C) Distribution of Hb types in density-separated populations in (A) all samples (n = 13), (B) off-HU samples (n = 5), and (C) on-HU samples (n = 8).
(D) Distributions of MCHC-F and MCHC-S in density-separated populations. Error bars indicate standard deviations.
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Fig. S7. Effects of Aes-103 concentration on the sickled fraction under the long-term DeOxy state. Error bars indicate standard deviations.

Fig. S8. Relationships between the effective sickled fraction and intracellular hemoglobin concentrations of (A) MCHC-F and (B) MCHC-S. Solid circles rep-
resent all RBCs, and empty circles represent density-fractionated RBCs.

Movie S1. Sickling and unsickling of RBCs in response to changes in O2 concentration (the speed of the movie is 10 times faster than real time).

Movie S1
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Movie S2. Sickle RBC flow in the capillary-inspired structures in response to changes in O2 concentration.

Movie S2
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