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Introduction
Over 300,000 people are born with

sickle cell disease annually, and two-thirds
of those cases occur in Africa.1 These
numbers are only expected to increase with
an estimate of there being over 400,000
cases yearly by 2050.1 Sickle cell disease is
caused by a single amino acid substitution
mutation in the β subunit of hemoglobin.
Hemoglobin enables red blood cells (RBCs)
to carry oxygen throughout the body.
Polymerization of deoxygenated sickle
hemoglobin leads to decreased deformability
of RBCs and characteristic sickle or crescent
shape. This mutation causes increased
adhesion of sickle RBCs to the endothelium
since intercellular adhesion molecule 1
(ICAM-1) and P-selectin levels are
upregulated.2 Due to abnormal biophysical
properties of these sickle cells, particularly
abnormal adhesion, sickle cell disease is
characterized by chronic and acute
vaso-occlusion resulting in pain crises,
organ damage and early mortality. In fact, in
subSaharan it has been estimated that 50%
to 90% of children with SCD die before the
age of 5.3 This project aims to develop,
validate, and optimize microfluidic devices
which can accurately measure adhesive
properties of RBCs from healthy patients
and those with sickle cell disease. These
assays are performed under flow at
physiologic shear rates, in channels which
mimic blood vessel geometries. Such
biophysical data could provide an additional
marker to determine efficacy of standard and
novel treatments for sickle cell disease. The
long-term goal of this project is to use these
tools and devices in a clinical setting and
evaluate disease severity and the

effectiveness of different treatments like
hydroxyurea or gene therapy.
Microfluidic Device Fabrication

Fig 1: AutoCad Design of single inlet mold with
four branching channels.

Figure 1 shows the AutoCad design
of the microfluidic device mold. Molds were
made using SU-8 photolithography on 4
inch silicon wafers with a spin coater and
maskless aligner. This process resulted in
molds capable of making single inlet devices
with four branching channels that were 500
μm width by 50 μm height, and had a 1 cm
long analysis channel to mimic blood
vessels. A 10:1 ratio of
polydimethylsiloxane (PDMS) base
elastomer to curing agent was mixed and
degassed until all air bubbles were removed.
The PDMS was then poured over the mold
and cured for at least 2 hours in a 60 degree
Celcius oven. The devices were cut from the
mold and the inlets were punched out using
a 1.5 mm punch. Both the device and a glass
slide were cleaned of debris and placed in a
plasma bonder face up and subsequently
bonded together. These devices were placed
in a vacuum desiccator until further use.

Laminin Coating Validation
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Fig 2: Laminin coating validation with fluorescent
laminin polyclonal antibody. a Control, no laminin
present. b 10 μg/mL laminin diluted in 1X PBS. c
100 μg/mL laminin diluted in 1X PBS.

Blood vessels are lined with
endothelial cells. In order to replicate blood
vessels, the devices were coated with
laminin as an endothelial cell proxy. Before
samples could be analyzed with the devices,
the laminin coating had to be validated. The
devices were coated with 10 μg/mL laminin
and 100 μg/mL laminin diluted in 1X
Phosphate-Buffered Saline (PBS) using a
vacuum and a pasteur pipet. The control
device was left empty. The laminin coated
devices were left in a 4 degree Celsius fridge
overnight. After 24 hours, the laminin
devices were removed from the fridge for 2
to 3 hours to reach room temperature. All
devices, including the empty control, were
then washed with PBS three times using a
vacuum and a pasteur pipet to remove any
excess laminin. 1% Bovine Serum Albumin
(BSA) was added to all devices to block
nonspecific binding. After thirty minutes,
the devices were washed three additional
times with PBS. The devices were stained
with a fluorescent laminin polyclonal
antibody overnight, washed with PBS three
times, and then imaged.

Figure 2 shows the control device
with no laminin present. The four channels
of the device appear dark and not
fluorescent, which is expected as the
antibody should have been washed away.
The 10 μg/mL laminin coated device faintly
shows the four channels, while the four
channels of the 100 μg/mL laminin are more

prominent. These results are consistent with
the respective concentrations of laminin
added and successfully validate that laminin
coated the devices.

Laminin Antibody Conjugated
Microspheres

Fig 3: Functional control validation with
streptavidin coated microspheres conjugated to
biotinylated laminin polyclonal antibody. a
Control, no laminin present. b 10 μg/mL laminin
diluted in 1X PBS. c 100 μg/mL laminin diluted in
1X PBS.

Streptavidin coated microspheres
were conjugated to a biotinylated laminin
polyclonal antibody. The devices were
washed and blocked with BSA using the
same process as the previous section for an
uncoated control, 10 μg/mL laminin, and
100 μg/mL laminin. These devices were not
stained with the fluorescent laminin
polyclonal antibody. Using a syringe pump,
1e9/mL of the conjugated microspheres
flowed through the device at 5.15 μL/min
for 15 minutes. With the same pump, the
devices were washed with 1X PBS for 20
minutes at 5.15 μL/min, and then imaged.

Figure 3 shows the control device
with no laminin present. The four channels
of the device appear dark with no
fluorescent microspheres, which is expected
as none of the microspheres should have
adhered. The 10 μg/mL laminin coated
device shows a noticeable amount of
adhered fluorescent microspheres, while the
100 μg/mL laminin has significantly more.
These results are consistent with the
respective concentrations of laminin added



and successfully validates that laminin acted
as a functional control to measure adhesion
properties when microspheres flowed
through the devices like blood flows through
blood vessels.

Red Blood Cell Sample Methods
For running the RBC samples, the

devices were coated with 100 μg/mL
laminin as that produced the most
homogenous results with the conjugated
microspheres experiments. Using a syringe
pump, 20% hematocrit diluted in PBS and
1e9/mL conjugated microspheres were
flowed through the devices at 5.15 μL/min
for 3 minutes. With the same pump, the
devices were washed with 1X PBS with
CD235a fluorescent antibody at 5.15 μL/min
for 20 minutes.

Red Blood Cell Sample Results
Table 1: Comparison of Healthy Red Blood Cells
with Hydroxyurea-Treated Sickle Red Blood Cells

Sample Microsp
here
Count

RBC
Count

Normali
zed
RBC
Count

Healthy
Control
1

707 12 1.70

Healthy
Control
2

993 30 3.02

Hydroxy
urea-Tre
ated

259 4 1.54

Hydroxy
urea-Tre
ated

105 3 2.86

Fig 4: Microsphere and RBC overlays. a Healthy
control 1, microsphere overlay. b Healthy control 1,
RBC overlay. c Healthy control 2, microsphere
overlay. d Healthy control 2, RBC overlay. e
Hydroxyurea-treated, microsphere overlay. f
Hydroxyurea-treated, RBC overlay. g
Hydroxyurea-treated, microsphere overlay. h
Hydroxyurea-treated, RBC overlay.

As seen in Table 1, two healthy
control samples from different donors and
two hydroxyurea samples from the same
donor were tested. For each sample, the
adhered RBC count and microsphere count
was calculated using ImageJ for a small
segment of device shown in Figure 4. The
number of microspheres varied per device
when they were expected to be the same
which indicates inconsistencies in the
laminin coating. The RBC counts were
normalized based on the microsphere count
to account for these inconsistencies. As a
result, the healthy controls and
hydroxyurea-treated normalized RBC count
were around the same values. Since this
sickle cell patient was treated with
hydroxyurea, their cells are expected to act
more like the healthy cells. Thus, the
normalized adhered RBC count for the
samples was expected.

Conclusions and Future Work
Laminin can successfully coat these

microfluidic devices as there is a clear
distinction between control, 10 μg/mL
laminin, and 100 μg/mL laminin
concentrations. Conjugated microspheres are
a good functional control to demonstrate



flow adhesion and provide an internal
method to normalize RBC adhesion across
devices. RBCs can adhere to the laminin
coating on the microfluidic devices. The
duration of flow has been optimized to
observe RBC adhesion and minimize
variance due to RBC settling in the syringe
and tubing connecting the devices.

In the future, quality control checks
will be performed at each step of fabricating
and coating the devices as well as the
experiment itself to limit human error and
understand differences in microsphere
adhesion between devices. Additionally, a
suitable biological positive control to
compare to healthy adhesion should be
determined. Ideally this positive control is
from a patient with a high concentration of
sickled cells than compared to treated
patients
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