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ABSTRACT

Orphaned infants often show delayed language development due to their
limited child-rearing practices. The stimulation of language development
before the attainment of sitting is questionable. The aim was to compare
the scores of language and gross motor development before and after
one-month stimulation program. Two groups of 20 healthy full-term
orphaned infants aged 6-9 months were recruited for this quasi-
experimental study. The first group consisted of infants who sat with
support, and the second group consisted of those who sat independently.
All infants received routine care and a program of substitutional
45-minute structured play three days per week for four weeks. The gross
motor development of infants was directly observed using the Alberta
Infant Motor Scale, and language development was assessed using the
Communication and Symbolic Behaviors Scales-Developmental Profile
Infant-Toddler Checklist at the pre- and post-four-week stimulation
program. The differences in outcomes before and after intervention were
examined using the paired t-test and the Wilcoxon signed-rank test. There
were no significant differences in the means of language scores before
and after four-week stimulation programs in both groups of infants, while
both groups exhibited significant differences in gross motor development.
Therefore, the stimulation program via play while attaining sitting skills
may enhance language development in orphaned infants.

*Corresponding author: Wantana Siritaratiwat, PT, PhD. Research Center in Back, Neck, Other Joint Pain and Human Performance
(BNOJPH), Faculty of Associated Medical Sciences, Khon Kaen University, Khon Kaen, Thailand. Email address: wantana@kku.ac.th
Received: 27 May 2023/ Revised: 8 July 2023/ Accepted: 18 July 2023
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Introduction

Orphaned infants, compared to home-raised
infants, are not exposed to diverse nurturing
environments. As a consequence of the caretakers’
high workload and the child-rearing environment
in orphanages, child care institutions appear
limited in infants’ daily activity and human
interaction. Infants in orphanages are frequently
raised in confined spaces or spend most of their
time in cots due to insufficient caregivers and
precautions put in place to prevent potential
accidents among infants. Infants in this environment
are prone to having little chance of contact with
diverse movement experiences or to interact
with various objects in daily living. A previous
longitudinal study demonstrated that orphanage-
raised 6-9-month-old infants displayed narrow
intra-individual variability in gross motor
development™. These orphaned infants also
showed their gross motor percentiles below
the 50" percentile via series assessments(2),
Several pieces of evidence also indicated that
infants raised in orphanages exhibited delayed
development in at least one domain, such as
gross motor or language development®). Previous
cross-sectional studies reported deficits in gross
motor skills®#, especially sitting and standing,
languages®, and cognitive development® in
orphanage-raised infants.

The acquisition of gross motor skills, such
as sitting, crawling, and pulling to stand, is clearly
noticeable between the ages of six and nine
months in healthy, typically developing infants.
An independent sitting ability, in which infants
can control the head and various segments of the
trunk®”) is a crucial developmental milestone.
According to a WHO multicenter study, typically
developing infants exhibit an ability to sit without
support within a wide range of age before the first
year of life®. In addition, the ability to sit also
enables infants to perform independent reaching
and interact with objects around them®.

In relation to objects and child-rearing
contexts during the second half of the first year
of gross motor skill acquisition, infants develop
a basis of language acquisition and communication
abilities"®. Previous studies have shown that
language and motor skills are closely interrelated
in development. There are correlations between
gross motor skills, especially sitting”'’, and
language development in healthy typically
developing infants. Libertus and Violi® found
that the emergence of sitting skills is a significant
predictor of subsequent language development in
healthy developing infants. The cross-sectional
studies found correlations between gross motor
skills and language development in infants aged
between three months and three years!'2'¥. It has
been suggested that motor scores were significantly
related to receptive, expressive vocabulary or
language development when oral movement, gross
motor score, gesture, and symbolic function are
taken into account. In addition, infant receptive
and productive vocabularies were increased
when they were exposed to functional locomotor
activity, Infants in the age of learning to sit
also demonstrate chattering, which is a part of
language development®. Typically developing
infants also showed a significant relationship
between motor and language development, as
early as 6 to 12 months. The ability to lift the
chest with arm support at six months was found
to be positively correlated with turning toward
sound(®),

The beginning of language development
stimulation in children with delayed language
development clinically starts when they are
able to sit independently. Given the significant
relationship between gross motor and language
development, language skills could be
simultaneously developed at around the age of
sitting attainment(%'319_ The stimulation of
language development in orphaned infants when
infants are still sitting with support is a topic of
interest in the current study. Our study questioned
whether language development could be improved
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through play programs administered to infants
who sat with support>'®, Furthermore, data
regarding developmental stimulation in language
development in orphaned infants, particularly
during the period of sitting skill acquisition, is
limited. We hypothesized that through one-month
structured play during sitting attainment, healthy
orphaned infants would exhibit enhanced language
and gross motor development. The reason why
a four-week period was chosen to measure the
outcomes after intervention, as it is enough to
observe changes in gross motor development(?,
nevertheless, there was no data supporting the
amount of time needed for language stimulation
in young orphaned infants. Therefore, this study
aimed to compare the scores of language and gross
motor development of healthy orphaned infants
before and after a four-week stimulation program.
Comparisons between pre- and post-intervention
were performed in two groups of infants:
those who sat with support and those who sat
independently.

Materials and methods

Study design and description of the
orphanage setting

The current quasi-experimental study was
conducted in healthy full-term orphanage-raised
infants. Routine care was provided by caregivers
with more than 10 years of experience in orphanage
care for infants aged from birth to one year.
Infants live in one room located in a two-story
building. The ratio of caregivers to infants is
1 caregiver to 7-10 infants. All caregivers are
female, with an average age of 45 years. The
routine stimulating care consists of a five-minute
massage session after a morning bath and free play
on the floor for 45 minutes, once or twice each
day on weekdays, depending on the availability of
caregivers. In addition to bottle feeding, infants
receive regular baths once or twice a day, diaper
changes as needed, and meal feedings at lunch
and dinner.

Participants

From a registry of orphaned infants, 6- to
9-month-old healthy infants with a gestational age
of more than 37 weeks were conveniently recruited.
Infants were excluded if they presented with
the following criteria: 1) major neurological
abnormalities, such as muscle paralysis, jerky
movements, and seizures; 2) genetic diseases,
such as Down’s syndrome; 3) congenital diseases,
such as heart disease and musculoskeletal
disorders; and 4) deficits in vision or hearing,
as well as issues affecting motor development.
The first group contained infants who sat with
support, and the second group had those who
sat independently. In this study, the definition of
“sat independently” was defined as infants
demonstrating a sitting posture and achieving the
score on the sitting picture of item no. 9 of the
Alberta Infant Motor Scale (AIMS)"®, This is
observed as an infant in a sitting posture displaying
the act of reaching for a toy and trunk rotation
with ease. While infants who sat with support
means those who cannot sit by themselves or could
not attain the score on the sitting picture of item
no. 9 of the AIMS®),

Ethical clearance

The study protocol was approved by the
Ethics Committee in Human Research at Khon
Kaen University based on the Declaration of
Helsinki and the ICH Good Clinical Practice
Guideline (Institutional Review Board Number:
IRBO0008614, Protocol ID No: HE622234,
04/12/2019). The guardian of the orphanage
signed an informed consent form authorizing data
collection at the orphanage and the voluntary
participation of staff and infants. Data collection
occurred between December 2019 and September
2021. The researcher scheduled data collection
visits after the head of the orphanage and staff
had given their informed consent to participate
voluntarily and to allow their infants to be
assessed for gross motor and language
development. The data were anonymized so as
not to disclose the identities of the participants,
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and the analyses were conducted so that the
final results could not be traced back to specific
individuals.

Experimental procedure

The following participant characteristics
were recorded: gender, birth weight, birth height,
head circumference, gestational age, Apgar score
at five minutes, and age upon admission to the
orphanage. Infants were initially recruited
between the ages of six and nine months, and
the first data collection commenced 15 days after
recruitment. Each infant was assessed twice, prior
to and after a post-one-month intervention.

Interventions

A 45-minute structured play for infants who
sat with support

Infants received a substitutional program
of 45-minute structured play, which was modified
from a previous study", three days per week
for four weeks by pediatric physiotherapists who
had over five years of expertise working with
orphaned infants. The 45-minute structured program
included a 30-minute play session in an upright
posture and a 15-minute free-movement session
on the floor. The 30-minute play consisted of 20
minutes playing with toys while sitting or standing
with pelvic support and a 10-minute seated session
listening to a storybook, singing a song, clapping
hands, and enjoying peek-a-boo. Throughout the
15-minute period of free movement on the floor,
infants were able to move in and out of various
positions under supervision.

A 45-minute structured play for infants who
sat independently

Infants received a substitutional program
of 45-minute structured play, which was modified
from a previous study", three days per week
for four weeks by pediatric physiotherapists who
had over five years of expertise working with
orphaned infants. The 45-minute structured
program included a 30-minute play session in an
upright posture and a 15-minute free-movement
session on the floor. The 30-minute play for infants

was 20 minutes of actively playing with the toys
while sitting or cruising and a 10-minute session
of standing and walking with support outside the
building once a week, or 10 minutes of listening
to a storybook, singing a song, clapping hands, and
enjoying peek-a-boo twice a week. Throughout
the 15-minute period of free movement on the
floor, infants were able to move independently
in and out of various positions, such as creeping,
crawling, sitting, pulling to stand, and standing
under supervision.

Toys were used to encourage physical
movement in these sessions. Infants joined the
stimulation program only when they were feeling
well and cooperated, such that they could sit with
support, hold heads in the midline, or stand with
support and stand on their feet or with the varia-
ble movement of legs!"®. The play activities were
terminated if the infant cried or showed distress.

Outcome measures

The Communication and Symbolic Behavior
Scales-Developmental Profile (CSBS-DP) Infant-
Toddler Checklist

The CSBS-DP checklist is a parent- or
caregiver-reported measure of infants and
toddlers aged 6 to 24 months’ communicative
and symbolic abilities®. The observation can
be performed on three composites of language
development, including social communication,
speech (sound and word use), and symbolic
behaviors. The three composites contain 24
items, and each item could be scored with an
ordinal scale of 0 points for “Not Yet,” 1 point
for “Sometimes,” and 2 points for “Often.” Items
describing a series of numbers can be scored with
0 points for items checked “None” and 1-4 points
for numbered choices. The total of CSBS-DP scale
of 57 scores were added together from 26 of social
scores, 14 of speech scores, and 17 of symbolic
scores?9, Raw scores of each composite and the
total raw scores of language development were
transferred to the standard scores using the Easy
Score program (Infant-Toddler Checklist and Easy
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Score©2002, Paul H. Brookes Publishing Co, Inc)
@9 Each composite contains standard scores of 17,
and the total standard scores are 135.

The main primary caregiver, who was
familiar with infants, performed a checklist
of the early communication and behavioral
development of each participant using the
CSBS-DP®%, The primary caregiver completed the
behavioral checklist for each infant within 10
minutes. If the infant did not cooperate or other
factors interfered, the assessor performed the test
again within five days of the initial assessment.
The therapist also monitored each child to
eliminate over- or underestimation of the infants’
language ability. The main caregiver was
unaware of how each observation and checklist
was scored. All tests’ scoring was performed and
double-checked by pediatric physical therapists.

Alberta Infant Motor Scale (AIMS)

The AIMS is a standardized norm-referenced
observation, and the performance-based test
commonly utilized in research to evaluate the
spontaneous movement of infants from birth until
the age of independent walking attainment®. The
test measures components of postural control,
antigravity movements, and body alighments, such
as trunk rotation and weight shifting in different
positions, including 21 items in the prone, 9 items
in the supine, 12 items in the sitting, and 16 items
in the standing positions. The total raw scores
range from 0 to 5819,

The AIMS Thai version®" was utilized to
evaluate the gross motor development of each
participant during the observation by a physical
therapist with six years’ experience in pediatric
physical therapy. The assessor performed the
observation in the orphanage’s living room, where
the infants were familiar with the environment
and the main caregiver was present nearby. The
observation time was approximately 20 minutes
for each participant. To prevent bias, raw scores
of gross motor development were totaled by

another researcher and the assessor did not know
the scores until data collection was completed.

The intra-rater reliability performed by the
physical therapist with one-month interval showed
a high intraclass correlation coefficient (ICC) value
(ICC (3,1) =0.99, 95%CI = 0.98-0.99). This assessor
practiced using the AIMS for six months before
data collection, and the inter-rater reliability
between the assessor and the expert, with more
than 10 years of using the AIMS, using the ICC (3,1)
was 0.98 (95%Cl = 0.95-0.99).

Statistical analysis

All participants’ demographic data were
characterized by descriptive statistics. The
normality of the data was analyzed using
a Shapiro-Wilk test. Non-normally distributed
data was analyzed using the Wilcoxon signed-rank
test, while normal distributed data was analyzed
using the paired t-test. The levels of effect size
convention were analyzed and classified as < 0.49
=small, 0.50-0.79 = medium, and > 0.80 = large®.
SPSS version 17.0 for Windows (licensed by Khon
Kaen University, Khon Kaen, Thailand) was used
to perform the data analyses, with a significance
level of p-value < 0.05.

Results

According to the birth characteristics
presented in table 1, all participants in this study
were healthy, with full-term births. They had been
admitted to the orphanage at a minimum age of
10 days. The mean + SD age of infants who sat
with support at recruitment was 7.1 + 0.7 months,
and their mean sitting score was 5.9 + 2.7 points.
Infants who sat independently had a mean + SD age
at recruitment of 8.2 + 0.7 months, with a mean
sitting score of 10.5 + 2.2 of a total of 12 points.
There were 12 boys in the “sat with support” group
and 14 boys in the “sat independently” group.
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Table 1 Participants’ characteristics

Birth characteristic

Sat with support group

Sat independently group

(n = 20) (n = 20)
Birth weight (g) 2717.7 + 223.9 2756.1 + 229.4
Birth height (cm) 49.5 + 3.0° 47.8 £+ 2.1°
Birth head circumference (cm) 31.8 1.3 31.6 +1.3°
Gestational age (weeks) 38.2+0.6 37.8£0.9
Apgar score at 5 minutes 9.1 +£0.62 9.3+0.5°
Age at admission in the orphanage (days) 54.6 + 43.1 79.8 +47.0

Note: Data was presented with mean + SD. 2No information on birth height, birth head circumference
of 3 infants, and Apgar score of 5 infants in sitting with support group. ®?No information on birth height,
birth head circumference of 3 infants, and Apgar score of 5 infants in the sat independently group.

Table 2 shows that language scores
obtained from the CSBS-DP were slightly increased
in both groups of participants after a four-week
stimulation program. However, there were no
significant differences in the mean + SD of
language scores before and after the stimulation
program in both groups of infants. In analyses
of the sub-composite of language development,
there were no significant differences in any
composite of language skills before and after the
one-month intervention for both groups of infants.

Gross motor scores, obtained using AIMS, of
infants in both groups differed significantly
before and after the stimulation program (p-value
=0.001), with a large effect size: 1.01 for infants
who sat independently and 1.61 for infants who
sat with support. Infants in the sat with support
group displayed significantly increased scores in
all sub-scales of gross motor development, while
infants who sat independently showed significant
improvement in prone and standing sub-scales.
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Discussion

The objective of the current study was to
compare the language and gross motor scores
before and after stimulation programs in infants
who sat with support and in infants who sat
independently. Results from the table 2 of our
study did not support the hypothesis that through
gross motor developmental stimulation in upright
structured play during sitting skill attainment,
healthy orphaned infants would exhibit simultaneous
improvement in language development scores
during the attainment of sitting skills.

The non-significant improvement in
language development suggested that through
structured play stimulation, their language skills
could be independently developed. It could
need more than 4 weeks for language skills to be
stimulated. Although research evidence has found
significant relationships between language and
gross motor development: 1141516 Darrah et al®)
found that the acquisition of each developmental
domain is independent in rate of development.
Another reason for a non-significant difference of
language scores could be an inadequate sample
size of participants leading to a small power of
test, approximately 8-10% of both groups.

According to a number of studies?42%;
infants aged from 6 months up to the end of their
first year were able to attain new skills related to
being upright, such as crawling, sitting, pulling to
stand, cruising, and finally walking independently.
At this age range, a child is able to independently
control the lower body and pelvis in conjunction
with the development of upper trunk or upper
chest motor skills'®. After a four-week period of
the stimulation program, both groups of infants
in the orphanage recruited in this study displayed
typically developing gross motor skills, especially
independent sitting, according to the range of age
from the WHO study®. From table 2, infants who
were recruited when they sat with support signif-
icantly improved in all sub-scale scores of gross
motor development measured using the AIMS,
while infants who sat independently continued to

significantly achieve their gross motor scores in
prone and standing positions. The non-significant
increase in scores in the supine and sitting
positions in this group could come from the ceiling
effect of the AIMS measurement.

For children in orphanages who tend to
have language developmental delay®?, we
support the concept of stimulating development
that there is no need to wait until infants are able
to sit independently before their language skills
are stimulated. It is implied that the stimulation
of language skills can begin when infants are able
to control their head, neck, and upper trunk in
an upright posture or in a pelvic-support seated
posture. A previous study®? suggests that the
onset of unsupported sitting initiates a period of
exploration and change in infant vocalization.
When infants are first able to maintain an upright
sitting position, they “discover” new possibilities
for vocal production in the very act of vocalizing?®.

Furthermore, the period of learning to
sit independently may be critical to promote an
optimal environment that is conducive to language
development. Postural control development,
especially in sitting, is important for motor
milestones. Greco et al? mentioned that infants
at the age of six to seven months display trunk
control by modifying direction-specific adjustments
to suit the situation at the thoracic level. It
is suggested that once an infant has begun to
babble, providing infants with trunk control in
sitting would create the context for improving
language skills?”. In addition, improvement of
trunk control in the sitting sub-scale could help
attain visual capacity and acts as a composition
of input and perception in part of language and
cognition®),

The hypothesis of this study was not
verified, and the current study contains several
limitations. Infants were recruited conveniently
from an orphanage located in the northeastern
part of the country. The sample size was small
which contained low power of test of the findings.
It is suggested that in order to investigate the
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effect of a stimulation program of structured
play in upright positions, a larger sample size
with a design of a randomized control trial is
needed. The stimulation program, especially for
language development, could be performed for
a longer period. The fact that the study examined
the outcomes after the four-week intervention
was another limitation for the measurement of
language development, future studies should
consider a longer follow-up of gross motor and
communication development until infants attain
their development at the end of their first year
of life.

Conclusions

A stimulation program for language and
gross motor development would be beneficial
for healthy infants being raised in an orphanage,
which could be started when infants still sat with
support. This study found likely increased scores
for language development after orphaned infants
received the stimulation program during sitting
attainment. The study suggests that the time
before the onset of independent sitting or when
infants are about to sit could be good for orphaned
infants to promote their language and gross
motor skills by providing more upright play and
interaction with caregivers.

Take home messages

Healthy orphaned infants showed
non-significant improvement in language
development through the a four-week gross
motor stimulation program during the
period of acquiring independent sitting skills.
Nevertheless, infants who live in deprived
environments should undergo language skill
stimulation before they acquire independent
sitting skills. A combination of stimulation
programs for gross motor and language de-
velopment should be implemented for infants
raised in orphanages.
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ABSTRACT

The screening for major histocompatibility complex class |- chain related
A (MICA) antibodies in pre- and post-kidney transplantation is crucial to
minimize the risk of immunological complications and antibody-mediated
kidney rejection (AMR). However, the conventional method for detecting
anti-MICA antibodies does not include all relevant MICA, especially
MICA*010, a predominant MICA allele in northeastern Thais (NETs). Moreover,
a significant number of patients have been diagnosed with AMR despite
the absence of detectable antibodies. We hypothesized that anti-MICA*010
might be responsible for rejection in such instances. The household
recombinant MICA*010 protein was successfully produced by HEK293
T cells and purified by using a cobalt-based magnetic bead with the percent
recovery of 88.994. The ELISA testing using purified MICA*010 proteins was
performed on plasma samples from 122 patients who were pathologically
confirmed with AMR. Our findings showed that 21 samples (17.21%) in AMR
patients exhibited the presence of anti-MICA*010. The flow cytometry
showed a concordant result with ELISA. Among these samples with
anti-MICA*010, the co-existing anti-HLA antibody was observed in one
sample. Furthermore, there were six patients (4.9%) with positive for
ELISA were negative for both anti-HLA and other anti-MICA antibodies
as identified by Lab Screening Mix (LSM) Luminex test suggesting the
importance of anti-MCIA*010 detection. Although further research with
the comprehensive evaluation regarding the involvement of anti-MICA*010
in the kidney rejection episode is still needed, the present study is the
first to highlight the presence of this antibody, which could offer valuable
information for antibody detection in the future.
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Introduction

Kidney transplantation provides superior
benefits in both survival and quality of life
compared to undergoing regular dialysis
treatment. Despite the advantages of kidney
transplantation, the primary hindrance to its
success is the incompatibility between the donor’s
tissue and the recipient’s immune responses,
which could result in graft failure via cellular-
mediated rejection (CMR) or antibody-mediated
rejection (AMR). AMR is caused by the preformed
and/or de novo antibodies of patients that are
specifically bound to the incompatible antigenic
determinant found on the kidney tissue. In
addition to the human leukocyte antigen (HLA),
the major histocompatibility complex class I- chain
related A (MICA) is considered one of the most
important non-HLA antigenic molecules that play
a critical role in kidney transplant rejection2.
MICA is generally non-expressed in normal tissue.
However, the upregulation of the MICA protein
is found in various conditions including viral
and bacterial infections, heat shock and DNA
damage responses, oncogenic transformations,
autoimmune conditions as well as inflammation®.
Moreover, MICA has been found to be expressed
on the renal tubular epithelial cells in response
to ischemia-reperfusion injury, which might be
occurred during the transplantation process,
through the HIF-1a pathway®.

Due to the extensive polymorphism of
MICA proteins, antibody screening is necessary
and routinely performed in pre- and post-kidney
transplantation to investigate the cause of kidney
rejection. As the MICA genotype is varied between
ethnic groups, the antibodies produced by the
recipient may be different. Several technologies
have been developed for anti-MICA detection, such
as ELISA and Luminex®®9. Although the Luminex
is widely acknowledged as the preferred method
for MICA antibody testing, its capability to detect
antibody specificity is limited which depends on
the recombinant MICA protein immobilized on
the beads. As a result, certain MICA alleles, such

12

as MICA*010, are not included by this approach.
The MICA*010 has been noted as an unexpressed
MICA allele for decades due to a single amino acid
substitution (proline for arginine) at position 6
in the first B-strand of the a1 domain®. On the
contrary, the study in our group found that the
MICA*010 is certainly expressed on the cell surface
(in preparation). In addition, this MICA allele is
predominantly found (18.2%) in the northeastern
Thais (NETs) and was shown to be significantly
different from those of the Japanese and
Caucasian populations (10.8% and 5.0%,
respectively)®. Moreover, there are a large
proportion of patients who have pathologically
confirmed AMR with no detectable antibodies
against HLA and/or MICA®', This indicates the
inadequacy of current methods to comprehensively
identify the relevant antibody that might contribute
to kidney rejection. This information sparks the
idea regarding the relevance of anti-MICA*010
in the AMR mechanism, particularly in cases of
AMR without detectable antibodies, and requires
further elucidation.

In the present study, the recombinant
MICA*010 protein was produced and purified for
the purpose of anti-MICA*010 detection in the
patient’s plasma. The plasma samples collected
from histopathological proven AMR patients were
screened for the presence of anti-MICA*010 by
ELISA. Although the association between anti-
MICA*010 and kidney transplant outcome is still
unclear, our finding is the first study to demonstrate
the existence of anti-MICA*010 in the plasma of
patients which provides valuable information for
further studies.

Materials and methods

Plasma samples

The 122 left-over plasma samples of
patients who were pathologically diagnosed
with antibody-mediated rejection (AMR) from
Srinagarind Hospital were tested for the presence
of the anti-MICA*010 antibody (the project
was approved by Khon Kaen University Ethics
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Committee for Human Research, HE601437).
AMR was determined based on the classification
guidelines provided by Banff 2017. To diagnose
AMR, it was necessary to meet at least two out
of the following three criteria: (i) histologic
evidence of acute tissue injury; (ii) evidence of
current/recent antibody interaction with vascular
endothelium; and (iii) serologic evidence of DSA to
HLA or other antigens, C4d staining or expression
of validated transcripts/classifiers.

Construction of MICA*010 containing
plasmid

The plasmid DNA carrying a soluble form of
MICA*010 protein (sMICA*010) was generated by
introducing a stop codon into the MICA*010 in the
front of the transmembrane domain. MICA*010
was amplified from human genomic DNA (3 healthy
subjects who possess homozygous MICA*010
that were obtained from the Liver Fluke and
Cholangiocarcinoma Research Center, Khon Kaen
University with informed consent (HE571283) by

the PCR method. The sequences of forward and
reverse primers for MICA*010 amplification are
shown in table 1. The amplification cycles were
94°C for 2 min, then 30 cycles of 95°C for 30 sec,
60°C for 45 sec and 65°C for 2 min followed by
65°C for 10 min using the thermal cycler with 2
mM of MgSO,. The PCR products were run in an
agarose gel electrophoresis and subsequently
purified from gel using the GFX gel band
purification kit in accordance with the
manufacturer’s guidelines. The purified sSMICA*010
gene was then ligated to the expression vector
(pcDNA™3.1/V5-His TOPO™ TA Expression Kit)
according to the manufacturer’s instructions. The
MICA*010 carrying plasmid was then transformed
into a bacterial cell line (TG1) to amplify the
plasmid DNA and purification. The plasmid DNA
that carries the sMICA*010 gene was purified
and verified by PCR-SSP(%'3) and nucleotide
sequencing.

Table 1 Nucleotide sequences and annealing temperature of forward and reverse primer for soluble

MICA*010 construction

A li
Primer name Primer sequence (5’> 3’) nneating
temperature

F_Stop_sMICA0O10 CACCATGGGGCTGGGCCCGGTCTTCCTGCTTCTGGCTGGCATCT 60 °C

TCCCTTTTGCACCTCCGGGAGCTGCTGCTGAGCCCCACAGTCT

TCCTT

(92 bases, binding site = 18 bases)
R_Stop_sMICA010 CTAATGGTGGTGGTGATGATGCTGAAGCACCAGCACTTT 60 °C

(39 bases, binding site = 18 bases)

Note: Bold letters = binding site, Italics = leader sequence, Underline character = 6X-Histidine,
CACC = TOPO sequence (necessary to integrate the interested gene into TOPO vector)

Transfection of sMICA*010 plasmid to HEK
293T cells

The sMICA*010 carrying plasmid was
transfected into HEK 293T cells, which were
cultured overnight in Dulbecco’s modified eagle
medium (DMEM) supplemented with 10% fetal
bovine serum (FBS) and 1% pen-strep antibiotics.

X-treme GENE HP DNA transfection reagent was
used to transfect the plasmid following the
manufacturer’s instructions. As a control, an
empty plasmid (pcDNA 3.1) was also transfected
(MOCK). A household plasmid encoding the green
fluorescence protein (GFP) was transfected in
parallel to assess the transfection efficiency. The
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transfection efficiency was investigated after 48
h of transfection using flow cytometry. The trans-
fected cells were collected 72 h post-transfection
for purification of soluble MICA*010 protein.

Recombinant MICA*010 protein collection
and purification

The transfected HEK 293T cells were
detached from the cell culture plates by
repetitive up-and-down pipetting until all cells
were completely detached from the culture
plate. The cells were lysed by using the lysis
buffer and subsequently centrifuge at 8,000 rpm
for 10 min to provide an appropriate supernatant
for the purification. The Dynabeads™ His-Tag
Isolation & Pulldown utilizes cobalt-based

ﬁ Pog
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immobilized metal affinity chromatography (IMAC)
chemistry on the magnetic beads to specifically
bind histidine-tagged proteins. The purification
steps including MICA*010 protein binding to the
cobalt-immobilized magnetic bead followed by
three times of washing, and two times of elution
step. In each step, the supernatant was carefully
collected by aspiration at 2 min after the tube
was placed on the magnet. All fractions, including
crude, flowthrough, wash 1 and 2, eluate 1 and 2,
were collected and used to verify the efficiency
of protein purification. The purification process
is shown in figure 1. The protein purity was
investigated by running the SDS-PAGE and western
blot.
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Figure 1 The illustration of protein purification processes using Dynabeads™ His-Tag Isolation &
Pulldown. The purification steps including MICA*010 protein binding to the cobalt-immobilized
magnetic bead, washing step and elution step.

Determination of the purity of purified
MICA*010 protein by western blot

The purity of the purified protein was
assessed by using western blot method. The
concentration of all fractions was determined
before running the western blot by using the
BCA assay kit according to the manufacturer’s

instructions. The percent recovery of a protein
production process was calculated by comparing
the amount of the target protein recovered at
the end of the process to the amount of protein
that was initially present in the starting crude.
The formula for calculating the percent recovery
is as follows:

% Recovery = (Amount of pure MICA*010 protein recovered/Amount of starting crude protein) x 100%
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All fractions, including crude MICA*010
protein, flowthrough, wash fraction and eluates,
obtained from the purification process were run in
the 12.5% polyacrylamide gel with 150 volts for 90
min. The gel was cut and blot to the polyvinylidene
difluoride (PVDF) membrane to transfer all the
protein to the membrane using semi-dry method
(300 volts, 80 min). After that the membrane was
washed 1 time with 0.1% Tween-20 in Tris-Buffered
Saline (TBS-T). The membrane was blocked with
5% skim milk prepared in 0.1% TBS-T at RT for 1 h.
The membranes were separately incubated with
0.5 pg/mL of anti-MICA (clone WJ-1, household) or
anti-6X Histidine (Biolegend, SD, CA) for overnight
at 4 °C with shaker. The membranes were washed
3 times with 0.1% TBS-T and probed with the
secondary antibody (HRP-labelled goat anti-mouse
IgG (Biolegend, SD, CA) in the dilution of 1:1,000
prepared in blocking buffer) at RT for 1 h. After
this, the membranes were washed 3 times and
detected by using ECL western blot detection kit
(Cytiva, MA, USA).

Detection of anti-MICA*010 in patients’
plasma using ELISA

The ELISA method was developed for
anti-MICA*010 detection. In brief, the ELISA plate
was coated with 3 pg/well of purified sMICA*010
protein prepared in carbonate-bicarbonate buffer,
pH 9.8 for overnight at 4°C. After washing with
0.2% PBS-T to remove unbound proteins, 300 pL
of blocking buffer (5% skim milk prepared in 0.1%
PBS-T) was added to each well and subsequently
incubated at 37°C for 2 h in order to block free
area of the ELISA plate. 100 pL of diluted plasma
samples (dilution of 1:100 with 3% skim milk) were
added and incubated at 37°C for 1 h. Subsequently,
washed and added the HRP-tagged goat anti-
human IgG (Biolegend, SD, USA) at the dilution
1:5,000 in 2% skim milk for 1 h at 37°C. Then, the
conjugated antibody was removed by flicking the
plate over a sink and after 3 washing with washing
buffer, 100 pL of 3,3’,5,5’-Tetramethylbenzidine
(TMB) substrate solution was added for 1 h in
the dark at room temperature. The absorbance

was measured at 450 nm by microplate reader
(Sunrise™, Tecan, Mannedorf, Switzerland). The
cut-off value was defined as mean + 2SD of the
absorbance (OD450) obtained from the plasma of
50 healthy donors. The positive or negative was
defined by using the established cut-off value.

Establishment of flow cytometry to verify
the presence of anti-MICA*010 in patients’
plasma

The experiment was conducted using HEK
293T cells transfected with the MICA*010 plasmid
(intact form) and simultaneously transfected with
an empty plasmid (pcDNA 3.1) as a mock control.
The cells were harvested 48 h after transfection,
washed with sterile 1X PBS, and blocked with 500
ML of blocking buffer (consisting of 20% AB normal
serum and 2% FBS in sterile 1X PBS) for 15 minutes.
After washing, each dilution of the patient’s
plasma ranging from 0 (PBS buffer) to 1:100 was
separately incubated with the MICA*010 or MOCK
transfectants on ice for 1 hour. For the pioneering
study, three plasma samples from healthy donors
and two from kidney transplant patients that
showed positive result from ELISA (no. DSA20 and
DSA23) were used. The cells were then washed,
and 5 pL of goat anti-human IgG labeled with
Allophycocyanin (APC) was added for a 30-minute
incubation on ice. After final washing with 1X PBS,
the cells were analyzed using flow cytometry.
The mean fluorescence intensity (MFI), which is
a measure of the amount of fluorescence emitted
by a sample, was measured for each transfectant
after incubation with the plasma samples. The
MFI values obtained for the MICA*010 and MOCK
transfectants were compared to determine the
presence of anti-MICA*010 in the patient’s plasma.

Results

Cloning of the MICA*010 gene to the
expression vector for protein production

To obtain the soluble form of the MICA*010
protein, MICA*010 was amplified from human
genomic DNA (3 subjects from our previous study
who were identified as a MICA*010/010 genotype
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by a PCR-SSP). As shown in figure 2A, the expected
PCR product size appeared at 1898 bp which was
found in all three samples. PCR products were cut
and purified. Then, cloning into the expression
vector (pcDNA 3.1) and subsequently verified by
PCR-SSP (Figure 2B). The interpretation of the
PCR-SSP for MICA genotyping dictates that the
MICA*010 allele should have positive bands in
reactions 3, 5, 8, and 9'2"3, Additionally, homozygous
MICA*010 individuals must exhibit negative bands
when tested with primer mixture 4, which is
specific for the MICA*019 allele. This result
indicates the appearance of the MICA*010 gene

M

2000 by
1500 bp

TT t

L]
=
=
g
-
-_—
-—
=

Expected band = 1898 bp

inserted in the purified plasmid DNA extracted
from the bacterial clone. The result was finally
confirmed by DNA sequencing. The amino acid
sequence of three extracellular domains (exon 2,
3 and 4) of MICA*010 inserted in the plasmid DNA
was identical to that of the sequence retrieved
from the HLA/MICA database (http://hla.alleles.
org/data/mica.html; Release version 3.44.0, 13
January 2022) as shown in figure 2C. All of these
findings support the successful cloning of the
MICA*010 (exons 2-4) into the expression vector
pcDNA 3.1 for the production and purification of
protein.

MICA*010 (from database)
SMICA*@10 (Sequencing)

MICA*01@ (from database)
sMICA*@16 (Sequencing)

MICA*@10 (from database)
sMICA*@10 (Sequencing)
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sMICA*@10 (Sequencing)

MICA*010 (from database)
sMICA*@10 (Sequencing)

MICA*01@ (from database)
sMICA*@1@ (Sequencing)
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Figure 2 The analysis of sMICA*010 clone (A) The PCR bands investigated by an agarose gel
electrophoresis. The amplified MICA gene from each individual; M, DNA marker; S1, subject 1;
S2, subject 2; S3, subject 3. (B) The PCR-SSP result of the MICA*010 inserted plasmid using
11 primer mixtures, M, DNA marker; C, negative control; number 1 - 11 represent the number
of primer mixtures used for the PCR-SSP. (C) The alignment of the amino acid sequence of
the MICA*010 protein. The amino acid sequence of the MICA*010 retrieved from the HLA/MICA
database aligned with the plasmid DNA sequencing. Exons 2, 3 and 4 were highlighted in the

yellow, red and green boxes, respectively.
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Production and purification of recombinant
MICA*010 protein and verification of protein
purity

The plasmid DNA encoding green fluorescence
protein (GFP) was simultaneously transfected
to examine the transfection efficiency. The GFP
transfectant revealed the high efficiency of
plasmid transfection to the HEK 293T cells with
70-90% of the transfection efficiency as measured
by flow cytometry (Figure 3A). After 72 h of
transfection, the sMICA*010 transfected cells
were collected. All fractions including crude,
flowthrough, wash and eluates were collected
and stored at -20 °C for further use. The protein
concentration was determined by the BCA protein
assay (Thermo Scientific, MA, USA). Evidently,
the purification process provides a high percent
recovery at 88.994%. In addition, the protein
purity was assessed using SDS-PAGE and western
blot. After probing with the anti-6X histidine or
anti-MICA (clone WJ-1), the MICA-specific band
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appeared at around 50 kDa in both antibody
clones. The Coomassie blue staining revealed more
purity of the protein band when compared to the
crude mock and crude MICA*010 protein (Figure
3B). It should be noted that, based on the principle
of the protein purification kit that the His-tagged
protein binds to the cobalt ions on the magnetic
beads, other proteins with exposed histidine
residues that are not part of a His-tag may also
bind non-specifically to the beads. The non-specific
protein was found after staining with both
antibodies (Figures 3C and 3D). However, most
of the protein in the eluates is occupied by the
recombinant MICA*010 protein as demonstrated
by the density of the band after staining with
the specific anti-MICA antibody. Alternatively,
these multiple bands stained by both antibodies
could represent different forms of glycosylations.
This indicated the applicability of the purified
recombinant protein for further step.

130 kDa
95 kDa
*

51 kD

42 kDa-

Probed with anti-MICA (WJ-1)

)

Figure 3 Evaluation of MICA*010 transfection and protein purity after protein purification process.
(A) The transfection efficiency assessed by GFP transfection. (B) The polyacrylamide gel
stained with Coomassie blue R-250 solution. (C) The western blot analysis which probed with
anti-6X His. (D) The western blot analysis which probed with anti-MICA, clone WJ-1. All
fractions of proteins were investigated under denaturing conditions in the presence of
dithiothreitol (DTT) Lane 1, protein marker; lane 2, crude Mock; lane 3, crude B-galactosidase;
lane 4, crude MICA*010; lane 5, flowthrough; lane 6, wash 1; lane 7, wash 2; lane 8, eluate

1 and lane 9, eluate 2.
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Detection of anti-MICA*010 in patients’
plasma using developed ELISA method

To detect anti-MICA*010 in patients’ plasma,
the ELISA method was developed and tested on 50
healthy donor plasma samples to determine the
cut-off value. The mean and standard deviation
of the absorbance (OD450) from healthy donor
plasma samples were calculated as 0.264 and
0.124, respectively. The cut-off value, which is
defined by mean + 2SD of the healthy subjects,
was determined to be 0.511. Plasma samples from
122 kidney transplant patients with AMR were then
tested using this method. Among all samples, 21
samples (17.21%) showed an OD greater than the
cut-off value (Figure 4A), indicating the presence
of anti-MICA*010. The available data about the
MICA genotype of both the donor and patient, as
well as the anti-HLA profile of these 21 samples,
were considered. The data regarding the anti-HLA
and -MICA profiles of these samples was kindly
obtained from the blood bank, Srinagarind
Hospital. The complete LSM data were available
for nine samples, which included both anti-HLA
and anti-MICA antibodies. Additionally, there were
ten samples that only had anti-HLA data, while LSM
data were unavailable for two samples for either
anti-HLA or anti-MICA antibodies. The data of Lab
Screening Mix (LSM) Luminex test revealed two
plasma samples, among 21 positive ELISA, showed
positive signals. One sample had a positive result
for bead no. 68, which detected MICA*001, *004,
*012, *018 and 027, while the other sample had
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a positive result for bead no. 97, which detected
MICA*002, *007, *009, *017 and *019. Although
the incomplete dataset of the LSM Luminex test
possess a limitation to our study, the identification
of co-existing anti-MICA and anti-HLA class | and Il
antibodies in a particular sample (DSA23) suggests
their involvement in the episode of kidney
rejection through an antibody-mediated
mechanism (Figure 4B).

Verification of anti-MICA*010 in patients’
plasma using flow cytometry

To verify the ELISA result, flow cytometry
was additionally performed. The limitation of
this study is that the HEK 293T cells used in the
experiment have internal MICA expression, which
makes it difficult to accurately identify the true
signal of anti-MICA*010 positive. To address this
issue, the gap MFI signal (AMFI) between the
MICA*010 transfectant and MOCK control (AMFI =
MF1 010 - MFl0c) Was @ more accurate measure.
As a result, by considering the AMFI (Figure 4C),
it was clear that the AMFI found in the patient
samples was higher than that of the healthy
donors. The flow cytometry results showed the
concordant pattern with the ELISA, verifying the
appearance of an anti-MICA*010 in the plasma
sample. However, this is a pioneering study, and
further research with a greater number of samples
is required. Moreover, to avoid the interference
of the internal MICA expression, the mammalian
cell line without MICA expression is recommended.
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. Patients

Figure 4 The detection of anti-MICA*010 in patient’s plasma. (A) The percentage of the anti-MICA*010
detected by the developed ELISA method. (B) The distribution of anti-MICA and -HLA
antibodies among the 21 plasma samples that were positive for ELISA. According to the
available LSM data set, among 21 samples analyzed, one sample exhibited solely anti-HLA class I,
three samples displayed anti-HLA class I, one sample demonstrated the presence of both
anti-HLA class | and class Il, one sample exhibited solely anti-MICA, one sample revealed the
co-existence of anti-MICA along with anti-HLA class | and class Il antibodies, six samples did
not exhibit either anti-MICA or anti-HLA antibodies and data was not available in eight
samples. (C) The AMFI of the anti-MICA*010 detection using flow cytometry presented in
different plasma dilution including PBS (diluent), 1:25, 1:50 and 1:100. HD; healthy donor,

DSA; patient plasma.

Discussion

Recently, the importance of the MICA
protein in kidney transplantation has been
acknowledged and extensively studied for its
role in organ rejection. Studies suggest that
anti-MICA antibodies binding to MICA molecules on
endothelial cells in transplanted kidneys may
affect transplantation outcomes(+"™ ., The
identification of anti-MICA antibodies prior to and
after kidney transplantation relies on the Luminex

technology, which can detect numerous MICA-
specific antibodies, except the antibody against
MICA*010. The antibody specific to this MICA allele
is hypothesized to be involved in kidney rejection
as it showed a high frequency in NETs population.
To obtain purified protein for downstream
applications, a six-histidine tag was added to
the C-terminal of the soluble MICA*010 protein.
The purification was performed by using
Dynabeads™His-Tag Isolation and Pulldown, which
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is the optimized cobalt-based immobilized metal
affinity chromatography (IMAC). The magnetic
beads were coated with the cobalt ion that has
a higher binding affinity for the His-tag than
nickel. This higher affinity can be attributed to
the stronger interaction between cobalt and the
imidazole ring of histidine residues, which provide
higher purity and yield compared to nickel-based
resins('®')_ The purification kit enables the pursuit
of MICA*010 protein in HEK 293T cells by reducing
the background contamination of other irrelevant
cellular proteins. Despite utilizing the His-tag
purification method, there were still other protein
bands visible on the stained polyacrylamide gel.
This may be attributed to other cellular proteins
with exposed histidine residues that are not part of
the his-tag, which tend to bind non-specifically to
the magnetic beads. Alternatively, these multiple
bands stained by both antibodies against MICA*010
and histidine could represent different forms of
glycosylations. Nonetheless, western blot analysis
indicated that the MICA*010 protein occupied the
majority of the protein in the eluates when the
specific antibody against the MICA protein was
employed. Additionally, the purification method
employed in this study successfully retrieved the
desired his-tagged MICA*010 protein, as evidenced
by the desirable percent recovery, exceeding
80% in this research. Furthermore, to eliminate
the influence of additional impure proteins that
might lead to non-specific binding and erroneous
positive results in the anti-MICA*010 detection, the
crude protein acquired from the MOCK control was
utilized in each experiment.

Our study found that the MICA*010 allele
is certainly expressed on the cell surface (in
preparation), suggesting its potential contribution
to kidney transplant outcomes. This study aimed
to investigate this contribution and found that
patients with AMR exhibited the presence of
anti-MICA*010 through the ELISA method. Results
from flow cytometry showed a similar trend to
the ELISA findings, where the AMFI in patient
plasma was higher than that of healthy donors.
Out of the 21 samples that were tested positive
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for anti-MICA*010 via ELISA, one sample displayed
the co-existence with anti-HLA class | and class Il.
Previous studies have shown that the presence of
both anti-HLA and anti-MICA antibodies in kidney
transplant patients is associated with a longer
time to reach optimal serum creatinine level after
transplantation™®. Meanwhile, six patients with
the positive OD from ELISA were tested negative
for both anti-HLA and other anti-MICA antibodies.
This information suggests that monitoring for
anti-MICA*010 should be beneficial, particularly
in the instances where the patient has been
diagnosed with AMR. This data indicate that the
simultaneous detection of antibodies targeting
both HLA and non-HLA antigens (especially of
MICA) may provide a more thorough evaluation
of the patient’s immune responses to the kidney
allograft and may assist in the categorization of
immunological risk. The limitation of this study
with respect to the identification of anti-MICA*010
through flow cytometry was the internal HLA-I
and MICA expressions found in the HEK 293T cells.
However, this could be addressed by employing
the MOCK control, which would be sufficient to
exclude such expression. To obtain more reliable
results regarding the presence of anti-MICA*010,
it is recommended to perform transfection in HLA
and MICA deficient mammalian cell lines. There is
a study that proposed the method to eliminate the
expression of HLA and MICA gene in the HEK 293T
cells through CRISPR/Cas9 system®. Moreover,
the HLA class | and MICA/B null HEK 293T panel
expressing single MICA alleles has been reported
to provide beneficial in anti-MICA antibodies
detection®@., This pioneering study suggested the
presence of anti-MICA*010 in the plasma of AMR
patients which could be served as an initial point
to emphasize the importance of this antibody in
the future. However, for more understanding of
the clinical relevance of anti-MICA*010 in kidney
rejection, increasing patient numbers and
a comprehensive investigation that includes other
relevant factors are also necessary to consider
thoroughly.
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Conclusion

The anti-MICA plays an essential role in
kidney rejection. Therefore, comprehensive
antibody detection is crucial for minimizing the
immunological risk and help assessing the cause
of AMR. The MICA*010 allele has been found
predominantly in NETs and was hypothesized to
be involved in the AMR episode. In this study, we
successfully produced the recombinant MICA*010
protein and used to establish the ELISA method
for anti-MICA*010 detection. Our findings also
illustrate the presence of anti-MICA*010 in the
plasma of AMR patients. Moreover, the co-existence
of anti-MICA*010 and anti-HLA antibodies was
observed. The involvement of this antibody in the
occurrence of AMR is still unclear. However, this
research could be a groundbreaking to emphasize
the significance of this antibody in future studies.

Take home messages

The existence of anti-MICA*010 in
plasma samples of patients with AMR was
demonstrated, which paves the foundation
regarding the possible role of this antibody
on the AMR episode and necessitates further
comprehensive investigation.
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ABSTRACT

Anti-human leukocyte antigen (HLA) antibodies are a risk factor for
graft failure and graft loss in organ transplantation. To develop a new
biomolecular technique for anti-HLA antibody detection against HLA
antigens, a large quantity of HLA proteins is necessary. The optimization
of existing protein purification protocols plays a crucial role in laboratory
practice in biomolecular technology. In this work, we presented the
efficient expression of recombinant HLA-A and -B proteins in the HEK
293T cell line and an improved protocol of the PierceTM anti-DYKDDDDK
magnetic agarose method for HLA protein purification to enhance the
quantity of proteins. The percent recoveries of HLA-A and -B proteins were
81.15% and 80.73% at 350-380 pg/mL in the total eluates, respectively. The
number of elution times and incubation time in the elution step were the
most important to enhance the percent recovery and quantity of purified
proteins. In conclusion, the improved purification protocol enables the
high-yield production of functional recombinant HLA-A and -B proteins
for the establishment of an ion-sensitive field-effect transistor-based
immunosensor for anti-HLA antibody detection. Moreover, it could
provide a useful guideline for the expression and purification of other
DYKDDDDK-tagged recombinant proteins.
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Introduction

The human leukocyte antigen (HLA) system
is a cluster of related proteins that are encoded
by the major histocompatibility complex (MHC)
in humans. The MHC genes are divided into three
subgroups: MHC class I, MHC class Il, and central
MHC or class Il according to their locations on the
human chromosome. Among them, class | and
class Il genes are highly polymorphic and directly
participated in antigen presentation. The HLA
class | molecules: HLA-A, -B, and -C are expressed
on the surface of a wide variety of nucleated
cells with varying degrees of specificity. They
are composed of three extremely polymorphic
extracellular domains (a 1-3) and a transmembrane
heavy chain associated with a light chain,
B2-microglobulin (B2-m). These cell-surface
proteins are immunological barriers to organ and
stem cell transplantations®. Antibody-mediated
rejection (AMR) is strongly associated with graft
failure and graft loss in renal transplantation
and is caused by pre- and post-transplant HLA
antibodies®?®. Therefore, detection and analysis
of HLA-specific antibodies have become pivotal
tasks in every clinical setting.

To set up a new biomolecular technique
for anti-HLA antibody detection, a large quantity
of HLA proteins is required. Moreover, the cost
of commercial HLA proteins remains extremely
high with their limited quantity, which is a major
issue. Nowadays, many innovative technologies
and high-quality protein purification kits
manufactured by various suppliers have been
introduced®®. Among them, magnetic particle-
based methods are frequently used in a wide
range of biological applications due to their
strong paramagnetic talent, low cost, simplified
procedures, and short operating time. Moreover,
multiple centrifugation steps are not required
in the purification of the affinity-tagged protein
utilizing magnetic nanoparticles®'".

Herein, the transfection efficiency of the
lipofection method was systematically optimized
by inserting the green fluorescent protein (GFP)
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plasmid into the HEK 293T cell line and determined
by flow cytometry. In addition, we demonstrated
an improved purification protocol that produced
high yields of purified recombinant HLA-A*01:01
and -B*07:02 proteins using the commercial
Pierce™ anti-DYKDDDDK magnetic agarose kit.

Materials and methods

Optimization of transfection efficiency
of HLA-A and HLA-B plasmids

The optimization of transfection conditions
was conducted using the plasmid encoding green
fluorescence protein (GFP plasmid) according
to the optimization protocol provided by the
manufacturer of X-treme Gene HP DNA transfection
reagent('?. A constant plasmid DNA concentration
was incubated with various amounts of transfection
reagent. In this approach, a monolayer of 50,000
cells per well of HEK 293T cells with 70-90%
confluency in a 24-well plate is transfected
with 1 pg of DNA per well in varying amounts of
transfection reagent (1 pL, 2 pL, 3 pL and 4 pL)
at the 1:1, 2:1, 3:1, and 4:1 ratios of microliter
(L) transfection reagent to microgram (pg) of
plasmid DNA.

The transfection efficiency of the GFP
plasmid was evaluated by a flow cytometric
method in which, a standard GFP-encoding
plasmid was parallelly transfected alongside the
HLA-A and -B plasmids. The ratio between the
plasmid amount and the transfection reagent
was varied to obtain the optimal ratio. After the
transfection, the cells were incubated for 48 hours
at 37°Cin a 5% CO2 incubator allowing the green
fluorescent protein expression. Following this
incubation period, transfected cells were gently
detached from the culture plate by repeated
pipetting. A wash step was carried out, followed
by centrifugation at 2,000 rpm for 5 mins. The
cells were resuspended in the PBS buffer to obtain
a single cell suspension.

The HEK 293T cells that had successfully
taken up the GFP plasmid DNA and encoded
it intracellularly demonstrated vivid green
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fluorescence upon exposure to an excitation
wavelength of approximately 488 nanometers
(nm) measured by flow cytometer. To establish the
threshold for distinguishing between GFP-positive
and GFP-negative cells, we utilized untransfected
HEK 293T cells as a reference.

Expression of HLA-A and HLA-B plasmids

HLA-A and -B plasmid DNA clones carry
the cDNA sequences of HLA-A*01:01 (GenBank
accession no. NM001242758) and HLA-B*07:01
(GenBank accession no. NM005514) in the
pcDNA3.1+/C-(K)-DYK vector (GenEZ™ ORF clones)
(Supplementary Figures S1A and $1B), which were
expressed in HEK 293T cells as a tagged protein
with a C-terminal DYKDDDDK tag. The transfection
reagent, X-treme Gene HP DNA transfection
reagent, and the optimized transfection protocol
were used to transfect HLA-A and HLA-B-inserted
plasmids into HEK 293T cells. The pcDNA3.1+/
C-(K)-DYK without target HLA-A and -B cDNA was
transfected into the cells as the MOCK control.
The final volume of 100 pL of transfection mixture,
containing 2 pL of the transfection reagent and 1
Mg of each plasmid DNA and Dulbecco’s Modified
Eagle Medium (DMEM) media, was incubated for
15 min at room temperature and then added to
HEK 293T cells (3.5 x 10° cells per well in a 6-well
plate). For the large-scale production, five petri
dishes were used for each experiment, and the
final volume of 1000 pL of transfection mixture
containing 18 pL of the transfection reagent, 12
Mg of each plasmid DNA, and DMEM media was
incubated for 15 min at room temperature. After
that, transfection mixtures were plated onto HEK
293T cells (2.5 x 10¢ cells per petri dish), and cell
culture plates were incubated at 37°C with 5%
CO, for 72 h.

Optimization of DYKDDDDK-tagged HLA-A
and -B proteins purification

The transfected HEK 293T cells were
collected and lysed by ice-cold Pierce IP lysis buffer
with protease enzyme buffer. Then, the lysate
was centrifuged at 13,000 g for 10 min at 4°C.

The supernatant was transferred to a new tube
as crude proteins and Pierce™ Anti-DYKDDDDK
Magnetic Agarose Kit was used to purify the
DYKDDDDK-tagged HLA-A and -B proteins in the
crude lysate. All purification steps, including
binding the DYKDDDDK-tagged HLA proteins onto
the magnetic beads, 3 times washing the beads
with DYKDDDDK-tagged target proteins, and
3 times of elution steps for eluting the target
protein from the beads were done to begin with
the manufacturer’s protocol (SOP1)(%. Then,
SOP1 was systemically optimized in each step
of purification process because the C-terminal
DYKDDDDK-tagged HLA-A and -B proteins were not
successfully purified using SOP1.

Firstly, in SOP2 and 3, 100 pL of magnetic
agarose slurry and 500 pL of binding buffer, pH 7.2
were added into a Eppendorf Protein LoBind®, 1.5
mL tubes and mixed well. The tube was placed
into a magnetic stand to collect the beads against
the side of the tube, and then the supernatant
was discarded. This wash was repeated a total of
3 times. After that, 700 pL of lysate containing
DYKDDDDK-tagged protein was added to the
pre-washed magnetic agarose and inverted to
mix, and the samples were incubated with mixing
for 45 min at room temperature. The beads
were collected using a magnetic stand, and the
supernatant was discarded. The flow-through
fraction was saved for subsequent downstream
analysis. The beads with DYKDDDDK-tagged
target proteins were washed twice with 500 pL
of 10 mM PBS (pH 7.2) containing protease
inhibitor and once with 500 pL of deionized water.
A magnetic stand was used to collect the beads,
and the supernatant was removed. Finally, the
DYKDDDDK-tagged recombinant proteins were
eluted from the beads by the acid elution method.
100 pL of 1gG elution buffer, pH 2.8, with protease
inhibitor was added to the tube, mixed well, and
incubated for 5 min in SOP2 and for 12-15 min
in SOP3 at room temperature with frequent
vortexing. After incubation, the magnetic agarose
was collected with a magnetic stand, and then
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the supernatant that contained the eluted target
protein was removed and kept in 1.5 mL microtubes.
To neutralize the low pH, 15 pL of neutralization
buffer (1 M Tris, pH 8.5) was added to the 100 pL
of eluate immediately. The elution step was done
three times for complete recovery of the abundant
target. The process of optimizing the protocols,
SOP1, 2 and 3 is illustrated in figure 1 and shown
in supplementary table S1. The optimized protocol
of SOP3 is described in supplementary.

The purified protein samples were aliquoted
into small portions in Eppendorf Protein LoBind®,
1.5 mL tubes for further study. The concentration
of all fractions including purified target proteins
was analyzed by the Pierce™BCA Assay. In addition,
the percent recoveries for purified target proteins
in total eluates were calculated by dividing the
amount of purified target protein recovered (pg)
by the amount of total crude proteins added and
multiplying the results by 100.

Sodium Dodecy! Sulphate-Polyacrylamide
Gel Electrophoresis (SDS-PAGE) and western
blot

The purified protein abilities were detected
using DYKDDDDK-tagged antibody (HRP)
(Genscript), HLA-A and HLA-B purified MaxPab
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mouse polyclonal antibodies (Abnova) with
the western blotting method. The working
concentrations of crude and purified proteins were
10 pg/mL and 1 pg/mL, respectively, according
to the manufacturer’s protocol. The proteins
separated on a 12.5% sodium dodecyl sulfate
polyacrylamide gel electrophoresis at 150 volts
for 90 mins were electronically transferred onto
polyvinylidene fluoride membranes (PVDF). The
PVDF membranes were blocked with 5% skim milk
in 0.1% TBS-T at RT for 1 h and then incubated
with 0.5 pg/mL of anti-DYKDDDDK tag antibody
(HRP) or anti-HLA-A and -B at 4 °C for 18 h. After
incubation, the membranes were treated with
0.1% TBS-T for 3 times and probed with anti-HLA-A
and -B were incubated with HRP-conjugated goat
anti-mouse secondary antibodies (Biolegend) at RT
for 1 h. The bands of protein were detected with
the enhanced luminol-based chemiluminescent
(ECL) western blotting substrate kit (Amersham™,
GE Healthcare UK) according to the manufacturer’s
instructions and finally imaged with the
chemiluminescent imaging system (Amersham
Imager 600, Cytiva, USA). The outline of the
designed experiment for three different protocols
of protein purification is summarized in figure 2.
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Statistical Analysis

All experiments were carried out in trip-
licate if not stated otherwise in the figures. The
purified protein concentrations in eluates were
shown as the mean = SD of three independent ex-
periments. The statistical analysis was performed
by using SPSS Statistics for Windows, version 19.0

(SPSS, Inc., Chicago, IL, USA). The distribution
of the collected data in this study was tested by
the Shapiro-Wilk test. Statistical significance was
conventionally accepted when p-value < 0.05.
One-way ANOVA with Tukey’s test or independent
student t-test (with normal distribution) was
analyzed for eluate 1 (E1) and 2 (E2), respectively.

Plasmid expression
= Optimize transfection efficiency using GFF plasmids
= Express the HLA-A and -B plasmids into HEK 293T

cells and Harvest after 72 h

~

Transfection efficiency
are evaluated using flow
cytometry after 42 h

>

]

Protein extraction
v Lyse the transfected HEK 293T cells
= Extract crude HLA-A and -B proteins using Pierce
IP Iysis buffer for protein purification

Y

Protein Quantitation by
Pierce™ BCA Assay
n=3

J

[ Protein purification using anti-DYKDDDDK tapged magnetic agarose ]

SOP 1
Manufacturer's
instruction

S0P 3
Optimized Protocol

[OptimiZﬂtion Steps of DYKDDDDDK tagged HLA-A and —B proteins puriﬁcatiun]

Magnetic Beads Preparation

SOP 1: 50 uL magnetic agarose
SOP 2. 100 pL magnetic agarose

Wash DYKDDDDK magnetic agarose
with binding buffer { x 3 imes)

¥

SOP 3: 100 pL magnetic agarose

DYKDDDDK tagged Protein Binding
Bind crude lysate to pre-washed
magnetic 2agarose (cellizct flow through)

\ SOP 2: 700 L Lysates incubate at RT]

¥

Wash with 500 pL of wash buffer (x 2
times) and Distilled water (1 time)

¥

S0P 1: 500 pL Lysates incubate at RT]|
with mixing for 20 mins

with mixing for 45 mins|
(including protease inhibitor]
S0P 3: 700 pL Lysates incubate at RT)|
with mixing for 45 mins
{including protease inhibitor)

Elution
Elute with 100 pL of Elution Buffer
{pH 2.8), mix well, and incubate at RT

<>
<>
<>

\ S0P 2: at RT for 5 min with frequent

------------------------------ S0P 3: at RT for 12-15 min with

by Pierce™ BCA Assay
n=3)

¥

[Determine the Quality and Size]

[ Protein Quantitation

of Purified Proteins by SD5-
PAGE (n=3)

S0P 1: at RT for 5 min with frequent
votexing

votexing (= 3 times)
{ineluding protease inhibitor)

frequent votexing (= 3 times)
finciuding protease inhibitor)

Calculation of percent recovery

Figure 2 A workflow overview of three DYKDDDDK-tagged HLA-A and -B proteins purification protocols
by Pierce™ anti-DYKDDDDK magnetic agarose kit.

Note: The optimized factors in each step for optimized protocols were shown; n indicates the
number of technical triplicates used in this study.
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Results

Optimization of transfection efficiency

To optimize the transfection efficiency,
HEK 293T cells were transfected with 1 pg of GFP
plasmid DNA per well with varying amounts of
transfection reagent. The cells were collected
24 h after transfection, and the transfection
efficiencies were evaluated by the flow cytometric
method. The transfection efficiencies were 95.9%,
97.5%, 98.1%, and 97.2% at the different ratios

of transfection reagent and plasmid, 1:1, 2:1,
3:1, and 4:1, respectively (Figure 3). The highest
transfection efficiency was determined to be
98.1% at a 3:1 ratio of transfection reagent to
GFP plasmid. This ratio was consistent with the
recommended ratio by Roche Diagnostics GmbH,
Germany?, It also had a similar efficiency rate
of 97.5% at a 2:1 ratio of transfection reagent to
GFP plasmid.

g :r:; Un-transfected 293T cells g zm__ Reagent:GFP (1:1) g g_- Reagent:GFP {2:1)
] & GFP+ 293T cells =] GFP+ 2937 cells
. 0.9% ] 95.9% . 97.5%
=27 a7 2
el =] < =]
A ] (SR [
w ] [ w
2 2 2 4
. . &
‘l_r_l_rl—l_l_r_l_r‘n'n"—!_l_rrrm[—l_l—rrm\"'_!* LI ‘ I ‘ T IIIIIII‘ T I\HIIII T IIIHIII T TTrT I I [ T IIIIfllI T III\II|I‘ T |II|III| T
':72 010 1’ 10t 10® ':72 010 10* 10 '_1” o10” 10” i 10
FITC-A FITC-A FITC-A
g2 Reagent:GFP (3:1) g &l Reagent:GFP (4:1)
g N
= GFP+ 293T cells = GFP+ 293T cells
. 98.1% ] 97.2%
< ] < ¥
S S
@ ] @]
[ B L -
1 % 1
. ; =
B e 1 e L e L R W Rl e RIS R
.:1?2 o10® 10 1" 10 '172 010” 10° 10t 10°
FITC-A FITC-A

Figure 3 The optimization of transfection efficiency by using GFP plasmid DNA by flow cytometry (Scatter
plots represented the flow cytometry analysis of transfectants) and HLA-A plasmid DNA by
SDS-PAGE. (A) un-transfected HEK 293T as a negative control; the transfection regent and
GFP plasmid ratios of 1:1, 2:1, 3:1, and 4:1 in (B), (C), (D), and (E), respectively.

Purified HLA-Aand -B proteins concentration
and percent recovery

The optimal conditions for protein expression
and purification were used to produce large
amounts of protein. The concentrations of HLA-A

and -B proteins were very low in the eluates,
18 +11.96 yg/mLand 12 + 8.32 pug/mL, respectively
using SOP1 (Supplementary Table S2).

Then, both HLA-A and HLA-B proteins were
produced, and purification was carried out using
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an optimized protocol (SOP2). As shown in figure
4A and 4B, SOP2 considerably enhanced the
quantities of isolated HLA-A and HLA-B proteins in
E1 when compared to SOP1 (p-value = 0.017 for
HLA-A and p-value = 0.008 for HLA-B).

Finally, the number of elution times and
incubation times in the elution step condition
were increased, and SOP3 was established to
increase target protein yield. We found an average
increase in purified protein yield in E1 and E2 of
between 2- and 3-fold using SOP3 when compared
with SOP2 (Supplementary Table S2). The statistical

(A)
—— HLA-A

*k
ns

n
o
o
M
*
*
*

-
()]
o

100 4

Protein Concentration (pg/mL)

[
(=]
"

SOP2 SOP3
Eluate 2

SOP2 SOP3|SOP1
Eluate 1

SOP 1

analysis indicated no significant difference in
purified protein concentration in E1 between SOP2
and 3 of HLA-A (p-value = 0.335) and HLA-B (p-value
= 0.244) (Figure 4A and 4B). Despite this, the
protein concentration in E1 as determined by SOP1
and SOP3 showed highly significant differences,
with p-value = 0.004 for HLA-A and p-value = 0.002
for HLA-B. Similarly, for purified HLA-A (p-value
< 0.001) and HLA-B (p-value = 0.001), very
significant differences in E2 were observed
between SOP1 and SOP3 (Figure 4A and 4B).

(B)

250 HLA-B

*k

ns

N
[=]
o
*
*
*

150 -

100 -

Protein Concentration (pg/mL)

50 -

SOP1 SOP2 SOP3 | SOP1 SOP2

Eluate 2

SOP 3

Eluate 1

Figure 4 Comparison of purified protein concentrations amongst different SOPs.

Note:

(A) Comparison of SOP1, SOP2, and SOP3 for purified HLA-A protein concentration in eluates

1 and 2. (B) Comparison of SOP1, SOP2, and SOP3 for purified HLA-B protein concentration
in eluates 1 and 2. Each dataset illustrated the mean and standard deviation obtained from
three independent experimental triplicates (ns = no significant, * p-value < 0.05, ** p-value

< 0.01, *** p-value < 0.001).

In addition, the percent recoveries for
purified target proteins in total eluates were
calculated by dividing the amount of purified
target protein recovered (pg) by the amount of
total crude proteins added and multiplying the
results by 10013, The percent recovery of HLA-A
and -B proteins in E1 purified by SOP3 is remarkably
higher than those obtained by SOP1 and SOP2
(Table 1). There were no statistically significant
differences in the percent recovery of E1 between
SOP1 and SOP2, as well as between SOP2 and
SOP3, for both purified proteins (p-value > 0.05).
Although the percent recovery of E1 for HLA-A

30

between SOP1 and 3 was statistically significant
(p-value = 0.018), there was no significant
difference for HLA-B (p-value = 0.093) (Supple-
mentary Figure S2A). It was interesting to note
that the purified HLA-A and HLA-B proteins in
total eluates had percent recoveries of 81.15%
and 80.73%, respectively, using SOP3 (Table 1).
Moreover, the statistical analysis revealed highly
significant differences in the total eluates of
HLA-A (p-value = 0.005) and HLA-B (p-value
= 0.001) by SOP3 compared to that of SOP2
(Supplementary Figure S2B).
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Table 1 Percent recoveries of purified HLA-A and -B proteins using different SOPs

Proteins HLA-A (% Recovery) HLA-B (% Recovery)

amount in

Total Eluates  SOP1  SOP2  SOP3  p-value SOP1  SOP2  SOP3  p-value
13.48+ 21.88+ 42.18+ 1511+ 2413+ 41.72+

E1 .01 .

[C (ke)] 9.14 5.98 2099 0018 453 340 457 0%
71+ 81.15% 7.5+ 73 £
E1+E2 [C (ug)]  ND* 3‘:’) 52+ 8 ; 6‘:; 0.005 ND* 33 :5+ 807 33; 0.001

Note: ND*, not done.

Evaluation of the quality of purified
HLA-A and -B proteins by SDS-PAGE and western
blot analysis

The quality and size of purified HLA-Aand -B
proteins were assessed using SDS-PAGE and
western blot analysis. By using SOP1, the bands
were not seen in elutes even though the thick
bands were observed at 52 kDa in accordance
with the predicted size of the Genscript company
in crude lysates and flowthrough fractions of both
proteins against anti-HLA-A and -B antibodies
(Figure 5A and 5B). Moreover, the thick bands
were detected at 52 kDa of HLA-A and -B proteins
when probed with DYKDDDDK tag antibody (HRP)
(Figure 5C).

When protein purification was carried out
using the optimized protocol (SOP2) (Supplementary
Table S1), the more-intense single bands in E1 for
both HLA proteins were observed compared to
SOP1. The weak single bands were found in E2,
while no band was seen in eluates 3 (E3) of SOP2
for isolated HLA-A and -B (Figure 5D and 5E).

The 2x sample buffer containing DTT was
directly added to the beads to test the target
proteins on the beads. The mixture was incubated
for 5 min at 100 °C before being spun down. Next,
the magnetic beads were collected in a magnetic
stand, and the supernatants were used for the
SDS-PAGE and western blotting. The target
proteins were found to be thick bands in the
supernatants of both proteins suggesting that they
were not fully eluted from the beads (Figure 5F).

After purification using a modified elution
step condition (SOP3) (Supplementary Table S1),
the single thick bands were detected in E1 and
E2 of both purified DYKDDDDK-tagged HLA-A and
-B proteins (Figure 5G and 5H). Nonetheless, no
bands were detected in E3 in all experiments using
SOP2 and 3. It could be due to denaturation of the
target purified proteins. These findings revealed
that the first repeated elution steps were covered
only for complete recovery of highly abundant
targets.
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Figure 5 The quality evaluation of purified proteins by SDS-PAGE and western blot analysis.

Note:

(A) and (B) Purified HLA-A and -B proteins by probing with specific HLA-A and -B antibodies,

respectively. (C) Crude lysates by probing with DYKDDDDK tag antibody (HRP). Lane M, Protein
Marker; Lane 1, Crude lysate of HLA-A; Lane 2, Crude lysate of HLA-B. (D) and (E) Crude lysates
and purified HLA-A and -B proteins by probing with specific HLA-A and -B antibodies, respectively.
(F) Checking the elution steps using the sample directly removed from saved magnetic
beads used for purification by probing with DYKDDDDK tag antibody (HRP). Lane M, Protein marker;
Lane 1 and 2: Sample from the beads that was used for HLA-A and -B proteins purification,
respectively. (G) and (H) Crude lysates and purified HLA-A and -B proteins by probing with
specific HLA-A and -B antibodies, respectively.

Discussion

Protein structural and functional information
is frequently required in large quantities and at
high purity for the purpose of developing a new
biomolecular technique. The low efficiency levels
of exogenous protein expression and purification
are frequently encountered in order to obtain
sufficient amounts of native protein®. The human
embryonic kidney 293 (HEK 293) cell is one of
the most commonly used mammalian cell lines in
research platforms for protein productiont”. The
HEK 293T cells are originated from HEK 293 cells
along with the SV40 large T antigen, which can
bind to SV40 enhancers of expression vectors and
stably express to improve protein production®,
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In this study, GFP plasmid was transfected
into the HEK 293T cell line by using the X-treme
GENE HP DNA transfection reagent. The transfection
efficiency was systematically optimized using
GFP and evaluated by flow cytometry. Our results
on GFP plasmid showed that the transfection
efficiencies achieved under these optimized
conditions had a high expression level. Although
the highest percentage of transfection efficiency
was 98.1% at a 3:1 ratio of transfection reagent
to plasmid, the transfection percentage (97.5%)
was similar at a 2:1 ratio of transfection reagent
to plasmid. Therefore, the optimal transfection
condition was determined asa2:1 ratio of transfection
reagent and plasmid in our study. Lipofection
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systems utilizing the X-treme Gene HP DNA
transfection reagent and the HEK 293T cell line
were effective in achieving high expression
of HLA-A and HLA-B genes in the pcDNA3.1+/
C-(K)-DYK vector.

Another important facet and the main
objective of this study is to optimize the
purification method using the anti-DYKDDDDK
magnetic agarose system for isolating the
recombinant HLA-A and -B proteins from crude cell
lysates. The development of universal purification
and capture strategies for native proteins has been
challenging due to the diversity of proteins and
their biochemical properties®. The small epitope
tags, such as the DYKDDDDK (FLAG), c-Myc, and
HA tags, which have a short amino acid sequence
attached to the N- or C-terminus of a recombinant
protein, are able to strongly and precisely bind
their respective immunoaffinity resins@%21,
Magnetic resins can purify the affinity-tagged
protein without multiple centrifugation steps.
Moreover, magnetic nanoparticles (MNPs) can be
reused due to their superparamagnetic capability;
consequently, it can reduce the high cost of
conventional protein purification methods such as
chromatography, centrifugation, and membrane
separation and their turn-around times?,

In this work, the Pierce™ Anti-DYKDDDDK
Magnetic Agarose system was used to purify the
DYKDDDDK-tagged recombinant HLA-A and -B
proteins. A high-affinity rat monoclonal antibody
(clone L5) covalently attaches to a magnetite-
embedded agarose core particle by recognizing
the small amino acid sequence, DYKDDDDK.
The Pierce™ Anti-DYKDDDDK Magnetic Agarose
recognizes the DYKDDDDK-tagged proteins with
the tag on either the N- or C-terminus(™. At the
beginning, to purify crude lysates, we applied the
manufacturer’s protocol, represented as SOP1.
Unfortunately, the C-terminally DYKDDDDK-tagged
HLA-A and -B proteins were not purified successfully.
The purified protein concentrations were very low
in the eluates of HLA-A and -B, and no bands were
identified in the eluates in the SDS-PAGE profile.

The possible cause is that all target proteins
cannot bind to the magnetic beads adequately. It
depends on the ratio of magnetic agarose slurry
to crude lysate volume for sufficient binding of
antigen and antibody. In addition, the target
proteins did not elute from the beads. Therefore,
SOP2 was established, which significantly boosted
the concentrations of purified proteins in total
eluates for HLA-A and -B. These concentrations
were not enough for use in further studies. In
addition, SDS-PAGE and western blot analysis
revealed an indistinct band in E2 and a blank in E3.
In this condition, the DYKDDDDK-tagged proteins
could not be eluted from the beads, although
most of the target proteins were bound to the
magnetic beads. In this case, the target proteins
were found to be thick bands in the supernatants
of both proteins. According to this finding, most
of the target proteins could bind to the magnetic
beads. We identified two potential causes for
these issues. In this work, the acid elution protocol
was applied using a commercial IgG elution buffer
at pH 2.8. The first reason was that the elution
conditions were too mild, and the second reason
was that purified proteins in those eluates were
degraded because a strong acid buffer was used
in the elution step even though we added the
neutralizing buffer, 1 M Tris, at pH 8.5 immediately.
Therefore, the elution condition was optimized to
a more stringent method in which the incubation
time of the elution step was increased to 12-15
min, ensuring that 15 min was not exceeded to
avoid the captured antibodies leaching from the
beads. Moreover, the protease inhibitor was also
added to the washing buffer and elution buffer
to prevent the degradation of target proteins.
The repeated elution step was performed three
times as SOP2 to obtain the highly purified protein
yield. The pH of a protein solution influences the
success of protein crystallization?. In addition, in
order to maximize stability, the pH of the storage
buffer should be at least one unit away from the
pl values of the target protein®). In this study, the
pl values of the produced DYKDDDDK-tagged HLA-A
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and -B proteins were 6.09 and 5.57, respectively.
Therefore, the pH of the elution buffer was
adjusted by adding neutralizing buffer at 7.2.
Finally, we could successfully set up a reliable and
functionally optimized protocol, represented as
SOP3, for the purification of the DYKDDDDK-tagged
HLA-Aand -B proteins with a high yield concentration
(170-200 pg/mL).

Furthermore, the overall percentage
recovery of purified HLA-A (81.15%) and -B
proteins (80.73%) in total eluates obtained by SOP3
was significantly higher than those obtained by
SOP1 and 2. Therefore, this study improved the
effectiveness of the protocol for recombinant HLA
protein purification by using an anti-DYKDDDDK
magnetic agarose system.

There is no study of the purification method
of DYKDDDDK-tagged recombinant HLA-A and -B
proteins using the commercial kit, the Pierce™
anti-DYKDDDDK magnetic agarose system in
the laboratory practice. Although the selected
purification kit was used according to its manual,
DYKDDDDK-tagged recombinant HLA-A and -B
proteins were not successfully purified. In
practice, we encountered many factors that
influenced the purification of DYKDDDDK-tagged
recombinant HLA-A and -B proteins using the
Pierce™ anti-DYKDDDDK magnetic agarose method.
We verified the crucial factors in each step of
protein purification, including the magnetic
agarose slurry volume (100 pL), crude lysate
volume (700 pL), the incubation time for
DYKDDDDK-tagged protein binding to pre-washed
magnetic agarose beads (45 min), the elution step
(3 times), increased the incubation time in the
elution step (12-15 min) and added the protease
inhibitor to the washing buffer and elution buffer.

In this study, the potential of the Pierce™
anti-DYKDDDDK magnetic agarose kit with an
improved and reliable protocol was evaluated
to purify the DYKDDDDK-tagged recombinant
HLA-A and -B proteins. The purified HLA-A and -B
proteins obtained using this improved, reliable
protocol have been successfully applied in the
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establishment of an ion-sensitive field-effect
transistor-based immunosensor for the detection
of relevant anti-HLA antibodies, especially in the
field of kidney transplantation®®. Furthermore,
this improved protocol would become an
important tool that could provide a valuable
guideline for the production and purification of
other DYKDDDDK-tagged recombinant proteins.

Conclusion

For protein production, the X-treme GENE
HP DNA transfection reagent was used to transfect
HEK 293T cells with HLA-A and HLA-B inserted
pcDNA3.1+/C-(K)-DYK plasmids. The transfection
conditions were optimized using the plasmid
encoding green fluorescent protein, reporting on
conditions that would ensure optimal expression.
In this study, we explored and evaluated the critical
factors at each step of the purification process.
In summary, an improved and functional protocol
of the Pierce™ Anti-DYKDDDDK Magnetic Agarose
system was introduced in the DYKDDDDK-tagged
recombinant HLA-A and -B protein purification,
increasing the percent recovery of the purified
high yield proteins that can be used in vitro
studies.

Take home messages

An improved and functional protocol
of the Pierce™ Anti-DYKDDDDK Magnetic
Agarose system was introduced in the DYK-
DDDDK-tagged recombinant HLA-A and -B
protein purification, increasing the percent
recovery of the purified high yield proteins
that could provide a useful guideline for the
purification of other DYKDDDK-tagged recom-
binant proteins.
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Supplementary

Table S Comparison of concentrations of HLA-A and -B proteins between SOP 1, 2 and 3

Steps of HLA-A (pg/mL) HLA-B (pg/mL)
purification  SOP 1 SOP 2 SOP 3 SOP 1 SOP 2 SOP 3

Crude lysate 2014 + 46.30 2058 + 76.38 2051 + 37.61 1931 +43.45 1949 + 112.11 1965 + 34.30

Flow through 1676 +52.50 1481 + 17.32 1436 + 36.31 1720 + 40.65 1459 + 42.72 1351 + 40.23
Wash fraction 103 + 13.92 104 +20.05 112 +12.99 95+ 13.92 113+ 20.46 104 +12.33
Wash fraction 30 + 10.25 36 +26.73 45 + 13.23 24 + 10.41 30 £ 15.21 57 + 14.08

Eluate 1 18 £+11.96 92 +9.01 193 + 8.45 12 + 8.32 83 +6.29 189 + 8.73
Eluate 2 ND* 50 + 4.33 179 + 7.52 ND’ 46 + 11.81 177 + 5.94
Eluate 3 ND* 35+2.89 49 + 10.90 ND* 31 +6.29 49 + 4.33

Note: ND* = Not Done
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Figure S1 The illustration of HLA-A and -B plasmids and the restriction enzyme analysis.

Note: (A and B) Schematic representation of the pcDNA3.1*/C-(K)-DYK vector map with target ORF
HLA-Awith (6488 bp) and -B gene (6479 bp). (C) Restriction digestion of HLA-Aand -B/pcDNA3.1*/
C-(K)-DYK with Hindlll and Smal. Lane M: DNA Ladder. Lane 1 and 3: The undigested clones,
HLA-A and -B DNA clones showing the bands of 6488 bp and 6479 bp represent the full size of
plasmid, respectively. Lane 2 and 4: After digestion with Hindlll and Smal, the bands at 4400
and 2000 bp in the blue boxes indicate the inserted target HLA-A and -B genes.
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Figure S2 The percent recovery of each SOPs for purified HLA-A and -B proteins.

Note: (A) The percent recovery of purified HLA-A and -B proteins in eluate 1 by SOP 1, 2 and
3. (B) The percent recovery of purified HLA-A and -B proteins in total eluates (Eluates 1 and 2)
by SOP 2 and 3. Each dataset illustrated the mean and standard deviation obtained
from three independent experimental triplicates. (ns = no significant, * p-value < 0.05,
** p-value < 0.01, *** p-value < 0.001).

1. HLA-A and HLA-B cDNA ORF clones

HLA-A cDNA ORF clones (Product ID-OHu29153)

(NCBI Ref.Seq: NP_001229687.1) _ HLA-A*01:01
MAVMAPRTLLLLLSGALALTQTWAGSHSMRYFFTSVSRPGRGEPRFIAVGYVDDTQFVRFDSDAASQKMEPRAPWIEQEG
PEYWDQETRNMKAHSQTDRANLGTLRGYYNQSEDGSHTIQIMYGCDVGPDGRFLRGYRQDAYDGKDYIALNEDLR
SWTAADMAAQITKRKWEAVHAAEQRRVYLEGRCVDGLRRYLENGKETLQRTDPPKTHMTHHPISDHEATLRCWALG
FYPAEITLTWQRDGEDQTQDTELVETRPAGDGTFQKWAAVVVPSGEEQRYTCHVQHEGLPKPLTLRWELSSQPTIPIVGI
IAGLVLLGAVITGAVVAAVMWRRKSSDRKGGSYTQAASSDSAQGSDVSLTACKV

HLA-B cDNA ORF clones (Product ID-OHu26926D)

(NCBI Ref.Seq: NM_005514.6) _ HLA-B*07:02
MLVMAPRTVLLLLSAALALTETWAGSHSMRYFYTSVSRPGRGEPRFISVGYVDDTQFVRFDSDAASPREEPRAPWIEQEG
PEYWDRNTQIYKAQAQTDRESLRNLRGYYNQSEAGSHTLQSMYGCDVGPDGRLLRGHDQYAYDGKDYIALNEDLR
SWTAADTAAQITQRKWEAAREAEQRRAYLEGECVEWLRRYLENGKDKLERADPPKTHVTHHPISDHEATLRCWALG
FYPAEITLTWQRDGEDQTQDTELVETRPAGDRTFQKWAAVVVPSGEEQRYTCHVQHEGLPKPLTLRWEPSSQSTVPIV
GIVAGLAVLAVVVIGAVVAAVMCRRKSSGGKGGSYSQAACSDSAQGSDVSLTA
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KEYWORDS ABSTRACT

Paraquat; Paraquat is one of the most widely used herbicides globally and is a potent
Oxidative stress; inducer of cellular reactive oxygen species, which cause damage to cells
G6PD deficiency; and organs in humans and animals. Recently, paraquat was found to affect
Hemoglobin E trait. normal human and animal red blood cells (RBCs). However, the effects of

paraquat on hemoglobin E (Hb E) and glucose-6-phosphate dehydrogenase
(G6PD) deficiency, commonly observed in Thailand, are unknown. This
study investigated the effects of paraquat on oxidative stress and osmotic
fragility in RBCs of individuals with Hb E trait and G6PD deficiency in
vitro. The RBCs of individuals with Hb E trait and G6PD deficiency and
normal controls were exposed to pure or commercially available paraquat
dichloride; malondialdehyde (MDA) levels and the osmotic fragility were
evaluated after coculture for 24 hours. In all groups, RBCs exposed to
paraquat had significantly increased MDA levels compared with those
exposed to saline solution (controls). The MDA level of RBCs from individuals
with Hb E trait was significantly higher than that of RBCs from normal
controls. Furthermore, the initial hemolysis of saline- and paraquat-treated
RBCs from individuals with Hb E trait and G6PD deficiency was significantly
higher than that of RBCs from normal controls. These data suggest that
paraquat induces increased lipid peroxidation in RBCs of individuals with
Hb E trait and G6PD deficiency and that RBCs of individuals with Hb E trait
and G6PD are slightly more fragile than RBCs from normal individuals;
however, paraquat does not affect the osmotic fragility of RBCs.
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Introduction

Paraquat is a toxic chemical widely used
in agriculture as an herbicide for weed and grass
control. Extensive paraquat applications and
long-term exposure lead to widespread residues
in soil, aquatic environments", plants, and food
grains®. Paraquat has been found in both surface
water and groundwater; in such environments,
it is adsorbed onto particles and sediment and has
a half-life between 2 and 820 years®. Paraquat
has a strong affinity for soil particles and tends to
remain in the soil for up to 20 years. Moreover, it
can be absorbed from the soil and transferred to
agricultural products®4 that ultimately enter the
food chain™. Paraquat can harm the neurological
system and lead to dysfunction in the kidneys,
liver, heart, lungs, and hematological system
in humans and animals through the extensive
generation of reactive oxygen species (ROS).
Recently, studies in mice have shown that paraquat
can induce transient anemia resulting from ROS
production, which randomly eliminates young
and mature circulating red blood cells (RBCs)
and depresses erythropoietic activity in the bone
marrow®?,

Hemoglobin E (Hb E) trait and glucose-6-
phosphate dehydrogenase (G6PD) deficiency are
common hemoglobinopathy and enzymopathy in
countries in Southeast Asia, including Thailand?.
Individuals with Hb E trait have higher antioxidant
status because of a compensatory antioxidant
response brought on by an excessive amount of
oxidative stress, which lowers their antioxidant
capacity". G6PD deficiency is a human enzymopathy
caused by inherited mutations of the X-linked gene
G6PD that affect the ability of RBCs to respond
to oxidative stress, thus making them susceptible
to hemolysis. Previous studies have demonstrated
that RBCs from individuals with Hb E and G6PD
deficiency exhibit increased lipid peroxidation,
increased activity of superoxide dismutase and
decreased thiol glutathione (GSH) activity at
baseline, and red blood cell defects may render
RBC more susceptible to oxidative stress(Z'4,
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Paraquat was expected to increase RBC lipid per-
oxidation, which would lead to more rigid RBCs in
individuals with Hb E and G6PD deficiency. In this
study, we investigated the effects of paraquat on
oxidative stress and osmotic fragility in RBCs of
individuals with Hb E trait and G6PD deficiency
subjects in vitro. Our findings could be useful in
educating the public on the possible effects of this
herbicide on human health, thereby reducing the
negative effects of paraquat.

Materials and methods

Human subjects and blood samples

This study was approved by the Burapha
University Ethics Committee for Human Research
(Sci 046/2562). All participants provided informed
consent. A total of 18 participants-10 healthy
individuals, four individuals with G6PD deficiency,
and four individuals with Hb E trait-were enrolled
in this study. Individuals with underlying diseases,
anemia, or taking antioxidant supplements
including vitamin C, glutathione, and coenzyme
Q10 were excluded. Whole blood (6 mL) was
collected; 3 mL was added to lithium-heparin
tubes and 3 mL was added to ethylenediamine-
tetraacetic acid (EDTA) tubes. EDTA blood samples
were analyzed for complete blood count (CBC)
by an automated hematology analyzer (Mindray
BC-5800, Shenzhen, China); screened for thalassemia
with one-tube osmotic fragility (OF) and dichlo-
rophenol-indophenol precipitation (DCIP) tests;
Hb typing was performed by cellulose acetate
electrophoresis, and G6PD deficiency was assessed
with fluorescent spot (FST) testing.

Thalassemia screening and hemoglobin
typing

Screening for a-thalassemia, B-thalassemia,
and Hb E was carried out with the KKU-OF and
KKU-DCIP reagent kits (PCL Holding, Thailand)
according to the manufacturer’s instructions as
described previously™. Both tests are interpreted
with a negative and a positive control. The Hb
types were determined by cellulose acetate
electrophoresis (Helena Laboratories, Beaumont,
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TX, USA). AJA type Hb with a normal A, level
(< 3.5%) was used for comparative interpretation.
The samples were classified as normal (negative
for KKU-OF and KKU-DCIP, A,A pattern Hb typing)
or Hb E trait (negative for KKU-OF, positive for
KKU-DCIP, and EA pattern Hb typing).

Fluorescent spot test (FST) for screening
of G6PD deficiency

A commercial FST kit (Trinity Biotech) was
used to test for G6PD deficiency. The FST test
was performed according to the manufacturer’s
instructions, as described elsewhere!'®. The
samples were divided into three groups: normal
(strong fluorescence at 5 and 10 minutes);
intermediate (poor fluorescence at 5 minutes
and moderate fluorescence at 10 minutes); and
deficient (no fluorescence at 5 or 10 minutes).

Red blood cell culture

Lithium-heparinized blood samples were
centrifuged at 3,000 rpm for 5 minutes. The plasma
and buffy coat were removed, and the samples
were washed twice with 0.85% saline solution;
subsequently, 1 mL of packed RBCs was resuspended
in 2 mL of 0.85% saline solution. The RBC count
was determined by an automated hematology
analyzer. RBCs (1 x 10°/mL) were exposed to either
0.85% saline solution as a negative control or
paraquat dichloride, either pure (Sigma-Aldrich) or
commercially available, at final concentrations of
100 and 200 ug/mL for 24 hours at 37 °Cin 5% CO,.

Determination of malondialdehyde level
by thiobarbituric acid reactive substances
assay

The MDA levels were measured by using
thiobarbituric acid reactive substances (TBARS)
assay modified from Klarod et al. A 25 pL of 0.1
mM butylated hydroxyl toluene (Sigma-Aldrich),
250 pL of 5 mM ethylenediamine tetraacetic acid
(Sigma-Aldrich), 500 pL of 8.1% (w/v) sodium
dodecyl sulfate (Sigma-Aldrich), 500 pL of 10%
(w/v) trichloroacetic acid, and 750 pL of 0.67%
(w/v) thiobarbituric acid were added to 500 pL

of culture supernatant and standard malondialde-
hyde (MDA) solution. The mixture was heated in
a boiling water bath at 95 °C for 30 minutes before
being placed in water for 10 minutes. After cooling,
the mixture was centrifuged at 3,000 rpm for 15
minutes, and the supernatant was transferred to
a flat-bottom plate. The absorbance was measured
at 532nm with microplate reader (Molecular
Devices, CA, USA)"", Each standard MDA solution
and sample was tested in duplicate, and if the
measurement values differed by more than 10%,
the test was repeated. MDA standard solution
was prepared using 1,1,3,3 tetramethoxypropane
(Sigma-Aldrich) as the standard. The results were
expressed as nM MDA.

Determination of erythrocyte osmotic
fragility

RBCs (1 x 10°/mL) from whole blood in
lithium-heparin were treated with either a 0.85%
saline solution or commercially available paraquat
(cPQ) at a final concentration of 200 ug/mL at 37
°Cin 5% CO, for 24 hours. Erythrocyte osmotic
fragility (EOF) was assessed by adding 20 pL of
treated RBCs to a set of test tubes containing
1.00%, 0.85%, 0.75%, 0.60%, 0.55%, 0.50%, 0.45%,
0.40%, 0.35%, 0.30%, 0.20%, 0.10%, and 0% NaCl
(w/v). After 30 minutes of incubation at room
temperature, the mixture was centrifuged at
3,000 rpm for 10 minutes. Each sample was tested
in duplicate, and the supernatant was transferred
to a spectrophotometer (Eppendorf, MA, USA) for
absorbance measurement at 540 nm using 1% NaCl
as the blank. The percentage of hemolysis was
calculated according to the following formula:

Hemolysis (%): = (OD of test/0OD of 0% NaCl)
x 100

The effect of commercial paraquat on the
osmotic fragility of RBCs in individuals with Hb
E trait and G6PD deficiency was assessed as 50%
hemolysis or median corpuscular fragility (MCF),
respectively. The MCF of normal incubated RBCs
ranges from 0.46% to 0.59% NaCl(®19,
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Statistical analysis

The results are presented as the mean =
standard error of the mean (SEM) or the median
with range after the normality of data was tested
using the Shapiro-Wilk normality test. Statistical
analysis was performed with tests appropriate to
the dataset, as specified in the figure legends,
using GraphPad Prism 10 software (GraphPad, San
Diego, CA, USA). A p-value of < 0.05 was consid-
ered statistically significant.

Results

Screening test for thalassemia, Hb E, and
G6PD deficiency

All 18 individuals were screened for thalas-
semia, Hb E trait, and G6PD deficiency. The results
showed that the 10 normal controls were negative
for thalassemia according to the OF and DCIP tests,
had normal fluorescent spot test results, and their
Hb type was A,A (normal). The four participants
with Hb E trait had positive DCIP test results and
an EA Hb pattern, whereas they had negative
OF test results and normal fluorescent spot test
results. The four participants had G6PD deficiency,
negative for thalassemia screening and normal Hb
type results.

Paraquat induced red blood cell oxidative
stress in a concentration-dependent manner

To examine the effect of paraquat on
oxidative stress in RBCs, normal RBCs were
cocultured with pure (pPQ) and commercially
available paraquat (cPQ) at different concentrations
for 24 hours. The addition of 200 pg/mL pure
paraquat and 100 and 200 pg/mL commercially
available paraquat significantly increased the
MDA level compared with normal saline in a dose-
dependent manner (Figure 1). Moreover, the MDA
level in RBCs exposed to 200 pug/mL commercially
available paraquat was significantly higher than
that of RBCs exposed to other paraquat concentra-
tions (Figure1). These data indicate that paraquat
affected RBC lipid membrane peroxidation by
inducing oxidative stress.
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Increased oxidative stress in red blood
cells from participants with Hb E trait and G6PD
deficiency

Individuals with Hb E trait and G6PD
deficiency are susceptible to oxidative stress;
therefore, we investigated the effect of paraquat
on oxidative stress in RBCs from participants with
Hb E trait and G6PD deficiency. The MDA levels
of commercially available paraquat-exposed
RBCs from all participants (normal controls and
participants with Hb E trait and G6PD deficiency)
were significantly higher than the MDA levels of
saline-exposed RBCs (Figure 2). Interestingly, the
MDA levels of commercially available paraquat-
exposed RBCs from participants with Hb E trait
were significantly higher than those of RBCs from
normal controls, but they were not significantly
different from MDA levels of RBCs from participants
with G6PD deficiency (Figure 2). These data
suggest that RBCs from individuals with Hb E trait
are susceptible to paraquat-induced oxidative
stress.

Effect of paraquat on erythrocyte osmotic
fragility (EOF)

Extensive lipid peroxidation in biological
membranes causes fluidity loss, decreased
membrane potential, increased permeability to
ions, and increased rigidity. To test whether the
increase in lipid peroxidation after exposure to
paraquat affected RBC membrane rigidity, the
EOF of commercially available paraquat-treated
RBCs was tested. The results demonstrated that
the initial hemolysis of saline- and commercially
available paraquat-treated RBCs from individuals
with Hb E trait and G6PD deficiency was significantly
higher compared with those of normal controls.
By contrast, the initial hemolysis (Figure 3A-B)
and MCF (Figure 3C) of commercially available
paraquat-treated RBCs were not significantly
different from those of RBCs from normal controls
in all groups. The findings showed that RBCs from
individuals with Hb E trait and G6PD deficiency
were slightly more fragile than those from normal
controls, but paraquat did not affect RBC osmotic
fragility.
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Figure 1 Paraquat induced oxidative stress in RBCs in a concentration-dependent manner.

Note:

RBCs of normal controls (n = 5 individuals) were treated with pure paraquat (pPQ) and

commercially available paraquat (cPQ). Cell-free supernatants were collected at 24 h and
assayed for MDA level by TBARS assay. The results are expressed as mean with standard error
of the mean. Statistical significance was determined using paired t-test (‘p-value < 0.05,

“p-value < 0.01).
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Figure 2 Effect of paraquat on RBC oxidative stress in individuals with Hb E trait and G6PD

deficiency.

Note: RBCs of normal controls

(n = 5 individuals), individuals with Hb E trait (n = 4 individuals), and

individuals with G6PD deficiency (n = 4 individuals) were exposed to 200 pg/mL commercially
available paraquat (cPQ) for 24 hours. The results are expressed as median with range.
Statistical analysis was performed using the Wilcoxon test or Mann-Whitney U test (‘p-value

< 0.05, “p-value < 0.01)
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Figure 3 The effect of paraquat on RBC osmotic fragility in individuals with Hb E trait and G6PD

Note:
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deficiency.

RBCs of normal controls and individuals with Hb E trait and G6PD deficiency (n = 3 individuals/
group) were exposed to 200 pg/mL commercially available paraquat (cPQ) for 24 hours. A)
Erythrocyte osmotic fragility test; B) initial hemolysis; C) median corpuscular fragility.
The data are expressed as median with range. Statistical analysis was performed using the
Wilcoxon test or Mann-Whitney U test (‘p-value < 0.05, “p-value < 0.01, “’p-value < 0.005).
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Discussion

Paraquat is a potent inducer of intracellular
ROS@22) - which impairs tissue and cell function
by inducing lipid peroxidation, protein damage,
and DNA breakage®. Paraquat induced-oxidative
stress affects erythropoiesis in the bone marrow
and mature RBCs in circulation, resulting in
anemia”?. The present study investigated the
effect of paraquat on the lipid peroxidation of
the RBCs. The results showed that paraquat
significantly increased MDA levels in RBCs after
24 hours in a concentration-dependent manner;
similar results have been reported in macrophages
and peripheral mononuclear cells?24, Additionally,
a previous investigation found that erythrocytes
treated with paraquat had higher levels of ROS and
lower levels of the superoxide dismutase (SOD)
enzyme®. Erythrocytes may be more susceptible
to ROS and lipid peroxidation because of the
decreased SOD levels.

Hemoglobinopathy and G6PD deficiency are
common in Thailand. Excessively oxidized globin
chains in the RBCs of patients with hemoglobin-
opathy release free iron, leading to the formation
of ROS®). In a previous study, higher levels of free
radicals resulted in decreased glutathione (GSH)
levels and increased lipid peroxidation. Moreover,
an ROS-induced decrease in Flippase activity
resulted in an increase in phosphatidylserine
outer membrane ratios, leading to extravascular
macrophage destruction in RBCs?%. Increased
ROS levels cause the oxidation of hemoglobin,
lipids, and thiol groups in cytoplasmic membrane
proteins. Clusters of oxidized band 3 in the
membrane bind immunoglobulin G and complement,
causing them to become opsonized and undergo
erythrophagocytosis?”). Intravascular hemolysis
occurs in RBCs with more severe damage. RBCs
from patients with inherited hemolytic anemia
are susceptible to damage from oxidative stress.
Our results demonstrated that paraquat was
associated with significantly higher levels of lipid

peroxidation in RBCs from participants with Hb E
trait compared with those from normal individuals.
The significantly higher MDA level in Hb E trait
RBCs was due to hemoglobinopathy; higher levels
of free radicals resulted in decreased GSH levels
along with increased lipid peroxidation at baseline.
Although MDA levels were higher in participants
with G6PD deficiency, the difference was not
statistically significant because of the small
number of individuals who were G6PD deficient.

The effect of paraquat on RBCs was further
investigated with the EOF test. RBCs with damaged
membranes had a decreased ability to take
in water, leading to hemolysis(®. The plasma
membranes in RBCs are mainly affected by elevated
ROS, which cause a variety of problems in the
membrane, including lipid peroxidation, protein
crosslinking, and protein thiol oxidation®®. All
RBCs treated with paraquat exhibited an increase
in osmotic fragility. Paraquat-induced ROS could
trigger membrane damage and affect hemolysis
resistance at high saline solution concentrations.
In individuals with G6PD deficiency, the osmotic
fragility curve was shifted to the right. RBCs
from patients with G6PD deficiency are unable to
produce enough GSH to counteract oxidative
stress, which increases membrane damage and
causes increased osmotic fragility in G6PD-
deficient RBCs compared with RBCs from normal
individuals. On the other hand, the osmotic
fragility curve for Hb E trait was shifted to the
left because RBCs from individuals with Hb E
trait have slightly lower MCH levels and a higher
surface area to volume ratio”, they are resistant
to osmotic lysis. Therefore, MDA levels and the EOF
test results indicated that paraquat induced ROS,
which damaged RBC membranes and increased
lipid peroxidation. The inability of RBCs from
individuals with Hb E trait and G6PD deficiency to
respond to oxidative stress results in damage to
the RBC membrane and more hemolysis compared
with RBCs from normal individuals.
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Conclusion

According to the findings of this study,
paraquat has a diverse effect on RBCs. Commercially
available paraquat concentration of 200 pg/mL
induces increased lipid peroxidation in RBCs of
individuals with Hb E trait and G6PD deficiency
and RBCs of individuals with Hb E trait and G6PD
are slightly more fragile than RBCs from normal
individuals.

Take home messages

Paraquat induced significantly more
oxidative stress and initial hemolysis in RBCs
from Hb E trait and G6PD deficiency than
normal individuals. This indicates that paraquat
residue in food and the environment may
damage the RBC membrane and lead to more
hemolysis in Hb E trait and G6PD deficiency
than in normal individuals.
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ABSTRACT

Digital learning might have been one helpful strategy for occupational
therapy students during the coronavirus pandemic in 2019. This study aimed
to assess, before and after the lockdowns, whether digital learning caused
any changes or had any impact in terms of the sleep quality, sleep hygiene,
and emotional distress experienced by the 1%t - 37 year students during two
semesters between 2020 and 2021. The Thai version of the Pittsburgh Sleep
Quality Index, Sleep Hygiene Index, and Depression Anxiety Stress Scales
were assessed in purposive sampling of 42 students. It was found that sleep
hygiene and quality were not significantly different, while depression,
anxiety, and stress scores increased significantly in 2021. Even though all
students were able to maintain grade point averages, they perceived poor
sleep quality and moderate sleep hygiene after the 9-month lockdown.
This study suggests that coping strategies with resiliency, mental health
well-being, and sleep health management might be an integrated topic
for digital learning. In conclusion, the lockdown situation has cultivated
a significant uptrend in emotional distress without differences in academic
success among the participants.
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Introduction

University lecturers adopted online teaching
during the coronavirus pandemic or COVID-19.
Hours of planning, preparation, and reflection in
breakout rooms were required for occupational
therapy students (OTS). New learning skills were
developed such as telehealth, simulated clients
as well as experiencing different sessions with
exhaustion throughout the day”. Some occupational
therapy educators are enthusiastic facilitators
in terms of delivering quality instruction with
encouragement for sharing professional
experiences®. However, online teaching requires
time-consuming course preparation. It is
challenging to use video simulations of clients
that allow the OTS to make essential decisions
similar to the real demands for professional health
education?. Currently, online teaching mixed
with various types of digital learning (e.g., flipped,
blended, hybrid, e-learning) has been reported to
be equivalent to or more effective than traditional
face-to-face (F2F) classroom instruction among
the OTS®,

The new everyday phenomena of smartphones
and internet users have also developed the
need for multipurpose digital learning®. However,
the 15t- 4% year OTS (n = 110) in India who had internet
addiction (57.28%) perceived poor quality of
sleep (75%) in moderate correlation with high
levels of stress (14.54%)®). This is similar to the
first-to-fourth-year OTS in South Africa (n = 117), who
were found to be highly affected by academic
stress-related health science and clinical education®.
OTS might have been coping with overloaded
online schedules, especially for some dependent and
unorganized students® or those with poor coping
strategies for resilience (e.g., disorganized
adaptability and psychological insecurity)”®,

Moreover, the first-to-fourth-year OTS in
a university in Thailand (n = 52) perceived poor
quality of sleep to be moderately correlated with
emotional distress during COVID-19®. The unwell
sleep OTS (n = 30) gained higher comorbidities of
smartphone, internet addiction, and emotional

states than those well sleep OTS (n = 22) in the
academic year 2020. Sharma, Tyszka"? found
that American OTS (n = 332) perceived emotional
distress, i.e. depression (52.4%), anxiety (62.6%),
and stress (87.7%) during COVID-19 in the academic
year 2021. Also, they reported that the lockdown
situation decreased social participation and
reduced physical leisure activities, leading to
intense, pervasive negative feelings of sadness
and depression('?,

A further determination is required for
the OTS on whether there was a change before
and after the 9-month lockdown, in other words,
a transition between the academic years of 2020
and 2021. Therefore, this study was interested
in comparing the sleep and emotional distress
parameters among the first-to-third-year OTS
at a university in Thailand during the 9-month
lockdown and digital learning due to COVID-19.

Materials and methods

Participants and procedure

This study was a causality with the
before-and-after (twice data collection) lockdown
situation and digital learning between two
academic years (9 months) during the COVID-19
pandemic. Purposive sampling was used by inviting
the OTS, 15t to 3™ years at one university during
the academic year 2021, who had engaged in
a previous study (n = 42)© to receive follow-up
over a period of 9 months.

Sample size and subject selection

Data from a previous study by the authors in
the 15t to 4% OTS for academic year 2020 (n =52)®
and the results of the American OTS"? the
Depression Anxiety Stress Scale (DASS-21) averaged
scores of depression and its cut-off scores provided
in the DASS manual were used to calculate by
G*Power software (version 3.1.9.4) with 2.02 of
critical t-test. The data indicated that this study
required at least 40 samples, at the 80% power of
effect size. To minimize the risk of miscalculation,
a replacement participant could be accepted in
the event of a withdrawal by a participant.
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To prevent biopsychosocial confounding
factors, the inclusion criteria for subject
selection included having no history of physical or
neuropsychiatric disorders. To ensure the absence
of a pertinent history concerning any disorders,
all participants were asked to answer two yes/no
questions in the online survey concerning medical
diagnoses and use of medications in the past to
the present, including physical activity routines
during the COVID-19 pandemic.

Instruments for data collection

The online survey consisted of five sections
comprising the following standardized instru-
ments: the Thai version of the Pittsburgh Sleep
Quality Index (T-PSQl), the Sleep Hygiene Index:
Thai version (SHI: Thai version), and the DASS-21:
Thai version. Demographic information was also
collected, including birthdate, gender, and grade
point average (GPA).

The T-PSQ" was used to assess overall
sleep quality over one month and consisted of 19
self-rated items. Each item was scored from 0
(no difficulty) to 3 (severe difficulty). An overall
score of less than or equal to 5 indicated good
sleep quality. Its psychometric properties were
previously reported to possess acceptable internal
consistency and reliability (00 = 0.73) as well as
a sensitivity tool of 89.6% for sleep quality
assessment', This study considered a cut-off
score above 5 to indicate poor sleep quality?.

The Thai version of the SHI has previously
been addressed as having acceptable internal
consistency and reliability (0L = 0.73)". It consists
of 14 questions for sleep hygiene behaviors; scores
ranged from “5”, indicating the most practiced
behavior, to “1”, indicating the least practiced
behavior. A low level of practice in terms of
sleep hygiene behaviors scored 1.00-2.33, while
a moderate level scored 2.34-3.66, and a high
level scored 3.67-5.0013. This study considered
a cut-off score below 3.67 to indicate poor sleep
hygiene",
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The Thai version of the DASS-21 consists of
21 questions on emotional states with a previous
report for acceptable to good internal consistency
and reliability™. The scoring criterion for each
item was between 0 and 3, which needed to be
multiplied by 2 to gain the final score for each
level™-, This study considered cut-off scores
below 10, 8, and 15 for normal levels of emotional
states or without depression, anxiety, and stress,
respectively™. Raw data per participant of
score interpretation was counted of 5 levels for
each emotional state (depression, anxiety, and
stress) i.e., normal, mild, moderate, severe, and
extremely severe. and then all counted scores
were calculated as percentages for all participants.

Statistical analysis

All obtained data were analyzed using the
IBM Statistical Package for the Social Sciences (IBM
SPSS) version 2. Descriptive statistics were used
to explain the data. Also, paired-samples t-tests
were calculated at a p-value threshold of 0.05.

Results

Sample characteristics

During the nine-month data collection,
a total of 42 OTS were recruited; most of them
were females (n = 35). In the raw data, there
were only 7.14% vs. 14.29% of OTS who received
GPAs less than 3.00 in the year 2020 vs. 2021,
respectively. Interestingly, the OTS were able
to improve their GPA by around 40.48% during
a period of nine months (no change 38.09%;
decrease 21.43%). A paired-samples t-test showed
no significant difference in ages as converted from
birthdates and GPA (Table 1).

Sleep quality and hygiene

A paired-samples t-test found no significant
difference between the post- versus pre-scores of
the T-PSQI and the SHI. The raw data of OTS were
59.52% poor quality of sleep and 73.81% moderate
sleep hygiene in the year 2021, whereas 54.76%
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poor quality of sleep and 76.19% moderate sleep
hygiene were shown in 2020. During a period of
nine months, there was continuing moderate

Table 1 Personal data and outcomes of the study

sleep hygiene (positively changed by 2.38%), but
the OTS had negatively changed sleep quality by
around 4.76%.

Variables Year 2020 Year 2021 p-value*
(n = 42) (n = 42)
Age (years) 19.33 £ 0.85 19.38 + 0.79 1.60
GPA 3.29 +0.39 3.40 + 0.38 0.25
T-PSQI 6.12 +2.28 6.45 + 3.10 0.59
SHI 3.51 £0.36 3.51£0.33 0.99
DASS-21
Depression 4.52 + 3.00 12.90 + 7.10 < 0.001
Anxiety 4.38 +3.13 9.48 + 6.03 < 0.001
Stress 3.33+£2.24 11.24 + 8.04 < 0.001

Note: The data were reported using mean + standard deviation. *The data were compared using the

paired-samples t-test.

Abbreviations: GPA, grade point average; T-PSQI, Thai version of the Pittsburgh Sleep Quality Index;
SHI, Sleep Hygiene Index-Thai version; DASS-21, Depression Anxiety Stress Scale-Thai version.

Emotional states

There was a significantly higher score for
depression compared to the previous year’s scores.
The OTS did have significantly higher anxiety
compared to the last year’s score for anxiety. The
raw data for OTS revealed 64.29% (1 extremely
severe, 4 severe, 16 moderates, and 6 mild
depression) in the year 2021, whereas there were
only 11.90% (5 mild depression)-in 2020. Later,
there were 30.95% (1 extremely severe, 2 severe,
5 moderate and 5 mild of anxiety) in the year
2021 whereas there were 26.19% (6 moderate
and 5 mild anxiety) in 2020. None of the former
OTS were found to be stressed, but the later
OTS were found to include 30.95% (1 extremely
severe, 2 severe, 5 moderate and 5 mild stress).
Only 11.90% of the OTS had positively changed
depression levels in both years (no change 9.52%
and negative change 78.58%).

Discussion

This study found no significant differences in
age, GPA, sleep quality or hygiene for the OTS in
both years. As seen in the scoring interpretation,
the OTS remained having poor sleep quality and
moderate sleep hygiene for a period of nine
months. All three types of emotional distress were
significantly shown to have higher scores in the year
2021, with mild to extreme levels of depression,
anxiety, and stress. In contrast to the year 2020,
the OTS gained mild depression and anxiety,
whereas normal stress was addressed.

Interestingly, the OTS perceived an
interesting benefit of digital learning that the
emotional distress accompanied with the trend of
improved GPA of those participants (40.48%). As
seen in table 1, their means have changed from
3.29 to 3.40 with the similar range of SD. Using
digital learning might be a good life experience
due to personal and social adaptability during
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the period of the 9-month lockdown, similar
to the study of Brown et al?”, who mentioned
that OTS could have perceived stress as being
associated with self-control and a positive
outlook. Our educators have supported the OTS
for developing their competencies™ (e.g.,
self-regulation skills for time management)
and protective factors® (e.g., social supportive
circumstances and resilience behavior). Importantly,
most OTS were able to achieve academic
improvement during the lockdown, meaning
they could utilize the effective design of digital
learning, similar to a previous study®. However,
the current study found mild to extreme stress
in 2021 indicating that academic stress might be
one confounding factor for individual levels of
listening skills in the context of online classrooms”
(e.g., data downloading, active listening,
and empathetic listening toward proactive
instructors).

It has been accepted”® that poor sleep OTS
(poor sleep quality and moderate sleep hygiene)
were not spending long hours of digital learning,
but they perceived mild smartphone and internet
addiction for family/peer contacts at nighttime
in correlation with mild emotional distress. The
current study found non-significant differences
in sleep parameters which may imply their poor
sleep behavior prior to the lockdown period, and
it was remained as usual behavior throughout the
period of data collection. Consequently, the poor
sleep OTS could not avoid emotional distress and
have delayed internet access at home™ during
COVID-19 because a turning point of accumulative
stress episodes might increase in symptoms of
depression and anxiety in 2021. Those participants
may have been feeling of sadness (reduced social
participation) and loneliness (low motivation
toward increased social isolation) as described in
the previous studies under an unsafe/unhealthy
context®'9, This statement indicates that personal
coping strategies of resilience might be a medium
to decrease the risk of health behavior as seen
from a minor improvement in sleep hygiene in 2021.
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Study limitations and recommendations
for future studies

This study could not identify a cause or
effect of the lockdown situation separately from
digital learning. Further studies should consider
the use of a controlled study mixed with
a qualitative study on any confounding and
protective factors related to mental health
well-being and academic success.

Conclusion

This study highlights a significant uptrend
in terms of depression, anxiety, and stress after
nine months of lockdown and digital learning
experienced by OTS at a university in Thailand.

Clinical implications

e There was no impact on GPA, sleep quality,
and sleep hygiene during the period of
nine-month lockdown and digital learning
although the OTS perceived emotional
distress.

e Poor sleep quality and moderate sleep
hygiene might be personal variation
due to emotional distress under unsafe
circumstances.

« The significant worsening of emotional
state of the OTS might be a warning
sign to support and monitor before two
academic years of lockdown situation.
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