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Avrticle Info Abstract

History Background: Diabetes mellitus prevalence in Indonesia has surged. In 2021, an
Received: 08 Mar 2023 estimated 19.5 million people had diabetes, with a 10.6% age-adjusted prevalence.
Accepted: 31 Oct 2023 Projections indicate around 9.5 million cases by 2024. Diabetes medications, such as
Available: 31 Dec 2023 metformin, are commonly used, although these medications have adverse effects. A

common choice for chronic diseases like DM is the use of natural medications. A plant
known as Clerodendrum inerme has the potential to alleviate diabetes, but little is
known about its molecular mechanisms.

Objective: The objective of this study was to investigate the chemical compound of
Clerodendrum inerme and its molecular mechanism to treat diabetes mellitus.
Methods: The KNApSAcK was used to analyze plant parts of Clerodendrum inerme
to seek out chemicals present in plants. A screening was done to find compounds by
estimating Absorption, Distribution, Metabolism, and Excretion (ADME) parameters
using the canonical Simplified molecular-input line-entry system (SMILES) on the
SwissADME. On the SwissTargetPrediction tool, predictions of target proteins from
compounds that pass the screening are connected to various probable proteins.
Utilizing the String-db to show the network between target proteins and associated
diseases.

Results: The Clerodendrum inerme consists of 24 different compounds. The 24
compounds were screened, and the results showed that 4 of them, specifically (Z)-3-
Hexenyl beta-D-glucopyranoside, Rhodioloside, Sammangaoside B, and Clerodermic
acid, had the potential to develop into a therapeutic agent. The compound is then
analyzed to find the protein target associated with diabetes mellitus and predict its
networks. The findings indicate that multiple target proteins, including GSK3B,
PPARG, DPP4, and STAT3, are connected to diabetes mellitus.

Conclusion: It has been shown that (Z)-3-Hexenyl beta-D-glucopyranoside, or
Clerodermic acid, can attach to the proteins GSK3B, PPARG, DPP4, and STATS3,
which are all linked to diabetes mellitus.
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INTRODUCTION anticipated that by 2024, the diabetic population in
The prevalence of diabetes mellitus in Indonesia has  Indonesia will reach an estimated 9.5 million

been on the rise over time. In 2021, it was approximated  individuals.!

that there were approximately 19.5 million individuals  *Corresponding author:

diagnosed with diabetes, which accounts for an age- E-mail: shobrun@umm.ac.id

adjusted comparative prevalence of 10.6%. It is (Ahmad Shobrun Jamil)
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Table 1. List of substances that meet the Lipinski RoF (Rule of Five) for ADME selection. ADME evaluated 24 compounds,
and four of them passed. These four substances have the potential to be used for developing novel DM drugs.
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Diabetes mellitus (DM) is a chronic metabolic
disease or disorder with multiple etiologies characterized
by high blood sugar levels and disturbances of
carbohydrate, lipid, and protein metabolism as a result of
insufficient insulin function.

New therapies must be created and found to meet the
need for health services, including those for promotion,
prevention, treatment, and rehabilitation. Tens or even
hundreds of new medications are released into the
market each year after going through time-consuming
and expensive development processes. DM is acommon
metabolic condition characterized by persistent
hyperglycemia as a result of reduced insulin secretion,
impaired glucose utilization, insulin resistance, and
increased glucose synthesis.? The aim of the treatment of
diabetes mellitus is to achieve normal insulin levels in
plasma.® In network pharmacology approaches,
important network proteins are targeted synergistically
by two or more drugs acting mechanistically on the same
causal signaling disease module.*

Diabetes mellitus is classified into two types: type 1
and type 2. Type 1 diabetes causes cell damage, resulting
in the inability of the body to produce insulin. Insulin
resistance, a condition in which cells fail to respond
properly to insulin, is the starting point for type 2
Diabetes.> Another type of Diabetes is gestational
diabetes. Gestational diabetes mellitus, often called

"Type 3 diabetes," emerges during pregnancy, typically
vanishing after childbirth. It is characterized by insulin
resistance and is linked to factors like interleukin-6 and
C-reactive protein. It's essential to monitor and manage
to ensure a healthy pregnancy and postpartum period.®

When fasting glucose exceeds 120 mg/dL or post-
meal levels go beyond 200 mg/dL, it signifies diabetes.
For venous blood, fasting levels over 140 mg/dL or post-
meal levels over 200 mg/dL indicate diabetes. Impaired
glucose tolerance (IGT) falls between 140-200 mg/dL
after eating and less than 120-140 mg/dL when fasting.
IGT doesn't need treatment but should be monitored.”

People are growing increasingly interested in network
pharmacology, a brand-new subject based on system
biology, bioinformatics, and high-throughput histology.®
Important network proteins are targeted synergistically
by two or more active compounds operating
mechanistically on the same signaling disease module in
pharmacology methods.* Network pharmacology, which
recently linked corresponding targets to corresponding
diseases and used them as three different types of nodes
to construct a "component-target-disease" network, has
combined the three active constituents of traditional
Chinese medicine®
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Figure 1. Workflow chart of Clerodendrum inerme for the potential treatment of diabetes mellitus based on network

pharmacology.

Clerodendrum inerme, often known as Indonesian
Gambir Laut, belongs to the Verbenaceae family.
Typically, these plants can be found in Australia, Asia,
Malaysia, and the Pacific Islands. Clerodendron inerme
is traditionally used to halt bleeding and treat asthma,
hepatitis, ringworm, and colic. It is also used as a
febrifuge, uterine stimulant, pest control agent, and
antiseptic.!® This study aims to determine what
compounds in the Clerodendrum inerme plant have
activity as therapeutic agents for individuals with
diabetes mellitus.

This study was carried out utilizing an in-silico
approach, in which the compounds found in plants were
initially searched using a web-based plant database. The
compounds that meet the absorption, metabolism,
distribution, and excretion (ADME) criteria are then
screened based on their ADME properties. It continues

with proteins that can bind to compounds, and it will be
investigated whether these proteins play a role in the
mechanism of diabetes mellitus.

MATERIALS AND METHODS
Plant chemical compound data retrieval

Clerodendrum inerme chemical compound data were
retrieved using the KNApSAcK database (accessed on
2023-01-20 at
http://www.knapsackfamily.com/knapsack_core/top.php
).X Then, used the PubChem database (accessed on 2023-
01-20 at https://pubchem.ncbi.nlm.nih.gov) to search the
compound's canonical Simplified Molecular-Input Line-
Entry System (SMILES).*?
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Figure 2. Predictive scheme for potential bioactive compounds in Clerodendrum inerme as candidates for diabetes mellitus
treatment. GSK3B is a crucial protein in blood sugar regulation. The first scheme (top left) shows that with low or no insulin
binding to GSK3B, glycogen synthesis is inactive. The second scheme (top right), with insulin binding to GSK3B, makes this
protein inactive, activating glycogen synthesis and reducing blood glucose levels. The third scheme (bottom) suggests two
compounds from C. inerme, (Z)-3-Hexenyl beta-D-glucopyranoside and Clerodermic acid, may potentially replace insulin's role
by inhibiting GSK3B activity and activating the glycogen synthesis pathway, thus lowering blood glucose levels.

Chemical Compound Screening

Chemical compound screening is used to find
compounds that do not cause toxicity by predicting
ADME characteristics, pharmacokinetic properties,
drug-like qualities, and chemical friendliness of
pharmaceuticals from one or more small molecules to
aid in drug discovery using SwissADME tool
(http://www.swissadme.ch/index.php,  accessed on
2023-01-20).12

Protein Target Prediction

Protein  targets were
SwissTargetPrediction tool
(http://www.swisstargetprediction.ch,  accessed  on
2023-01-20).1* This tool estimates the most likely
macromolecular targets of a small molecule that is
thought to be bioactive. The prediction is based on a mix
of 2D and 3D similarity with a library of 370,000 known
actives on over 3000 distinct proteins from three
different species.’*

predicted using the

Construction of target protein network and analysis

The following stage is to investigate functions and
correlations between protein targets after discovering the
protein targets for chemical compounds in plants.
Utilizing String-DB and Cytoscape tools, it was possible
to determine the link between the protein target and the
chemical composition of plants. The online platform
String-DB and the Cytoscape software version 3.1.1.9
can be utilized to perform direct (physical) and indirect
(functional) connections related to this interaction.
The results of the correlation are built based on (1)
Interaction between plant compounds and protein targets
and (2) Interaction between protein targets and disease.

RESULTS
Clerodendrum inerme compound

The search for compounds contained in the
Clerodendrum inerme plant was carried out through a
database available on the KNApSAcK website. Found 24
metabolite compounds and then carried out the next
stage, namely the selection of compounds based on
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Figure 3. Distribution of plant compounds using the BOILED-Egg visualization, to determine the lipophilicity of these
compounds. There is one compound that can penetrate the blood-brain barrier, namely Clerodermic acid. The other 3 compounds

cannot penetrate the blood-brain barrier.

ADME. The requirements used are lipinski. Lipinski's
Rule Of Five (RoF) is that the molecular weight is lower
than 500 Da, the number of hydrogen bond donors is less
than 5, the number of hydrogen bond acceptors is less
than 10, and x log P is lower than 5.%" Detailed result can
be found in table 1.

The 4 compounds were examined for their
lipophilicity using the Brain or Intestinal EstimateD
Permeation (BOILED-Egg) method. For this purpose,
BOILED-Egg is proposed as an accurate predictive
model that works by calculating the lipophilicity and
polarity of small molecules.*® From these results, it was
found that 1 compound could penetrate the Blood-brain
barrier, that is Clerodermic Acid. For full details, it can
be seen in Figure 2.

Correlation between compounds and protein targets

The four compounds that passed ADME will be
tested to see if they can bind to any protein target
associated with diabetes. The String-DB database is used
to perform data mining. String-DB intends to prioritize
scope (applying thousands of genome-sequenced
organisms), evidence source richness (including
automated text mining), and usability features (such as
customization, enrichment detection, and programmatic
access).'® The target protein that have a probability to
bind to protein target is shown in figure 3. The predicted
targets of the four compounds include several proteins
relevant to diabetes mellitus. They include GSK3B,
PPARG, STAT3, ACE, and DPP4.

Apart from diabetes mellitus, other diseases were
found that had a relationship with protein targets
predicted from plant compounds that can be seen in
figure 4. So, there is potential as a drug candidate apart
from diabetes mellitus. In diabetes mellitus, there are 2
metabolites from the Clerodendrum inerme plant that are
predicted to bind to target proteins, it is (Z)-3-Hexenyl
beta-D-glucopyranoside (PubChem 1D: 5318045) and
Clerodermic acid (PubChem 1D: 16745295).

Correlation between protein targets and diabetes mellitus

Figures 2 and 3 reveal a relationship between the
substance (Z)-3-Hexenyl beta-D-glucopyranoside and
the proteins GSK3B, PPARG, DPP4, and STAT3 that
have a role in controlling diabetes mellitus. Clerodermic
acid appears to interact with PPARG and GSK3B.

DISCUSSION

GSK3B, also known as glycogen synthase kinase-3,
is a proline-directed serine-threonine kinase that has been
linked to the phosphorylation and inactivation of
glycogen synthase, insulin signaling, glycogen synthesis,
neurotrophic  factor  signaling, Wnt signaling,
neurotransmitter signaling, and microtubule dynamics.
microtubule dynamics, neurotrophic factor, Whnt,
neurotransmitter signaling, and insulin and glycogen
synthesis.’® GSK3B is important in the treatment of
diabetes. In insulin-related signaling pathways, GSK3B
is considered a negative regulator, and phosphorylation
renders GSK3B inactive. One of the major downstream
targets of AKT signaling is GSK3B. Figure 5 shows
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Figure 4. The correlation between Clerodendrum inerme metabolites and protein targets, which are shown in gray are plant
metabolites called (Z)-3-Hexenyl beta-D-glucopyranoside, Rhodioloside, Sammangaoside B, Clerodermic acid. The colors of
the rainbow are the target protein resulting from the prediction of the protein target.
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Figure 5. Correlation between disease and metabolites of Clerodendrum inerme.

diabetes influences cell death through disruption of Peroxisome proliferator-activated receptor gamma

insulin signaling pathways.?® Compounds from the
Clerodendrum inerme plant will act as inhibitors on
GSK3B so that the glycogen protein synthase is not
inhibited and there is no decrease in glycogen synthesis.

(PPARYy- or PPARG) is atype Il nuclear receptor that acts
as a transcription factor and is encoded by the PPARG
gene in humans. It is also known as glitazone reverse
insulin resistance receptor or NR1C3 (nuclear receptor
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subfamily 1, group C, member 3).2' Several lines of
evidence have shown that the SNPs of the PPARG
(nuclear receptor) have an important role in controlling
lipid and glucose metabolism.?> PPARG promotes
adiponectin collection from fat cells, increases fatty acid
storage in fat cells (reduces lipotoxicity), induces
FGF21, and enhances nicotinic acid adenine
dinucleotide phosphate synthesis by increasing the
CD38 enzyme. The role of plant compounds in PPARG
is as a ligand on PPARG (receptor). Once activated by
the plant compound Clerodendrum inerme, the nuclear
receptor binds to DNA-specific PPAR response
elements (PPRE) and modulates the transcription of its
target genes, such as acyl-CoA oxidase. Hence, it
controls the peroxisome beta-oxidation pathway of fatty
acids.

The STAT3 gene encodes signal transducers and
activators of transcription that mediate cellular responses
to growth factors such as interleukins, KITLG/SCF,
LEP, and others. Coactivators such as NCOAL or MED1
to the promoter region of target genes upon activation.
According to research, the JAK2/STAT3/SOCS-1
signaling pathway is activated to cause hepatic insulin
resistance and is also involved in the treatment of T2DM
and insulin resistance.?* Studies showing that activation
or loss of STAT3 leads to insulin resistance, loss of
muscle mass, or increased satellite cell repair depending
on STATS3 stimulation and penning length are proof of
this. In the framework of myotubes made from people
with impaired glucose tolerance, IL-6 causes insulin
resistance. Insulin sensitivity is increased and muscle
regeneration is facilitated by STAT3 inhibition in
muscles.?®

Adenosine Deaminase Complexing Protein-2 and T
cell CD26 antigen are related to dipeptidyl peptidase 4,
commonly referred to as Gen DPP4. This is a type Il
intrinsic glycoprotein transmembrane enzyme that
breaks down the protein X-proline from the N
polypeptide's starting codon. Dipeptidyl peptidase 4
plays a significant role in the metabolism of glucose and
insulin as well as the immune system. The surface cell
receptor glycoprotein found in synaptic vesicles is
essential for mediating cell-to-cell receptor activation
(TCR). Acts as a positive regulator of T-cell coactivation
by binding to at least ADA, CAV1, IGF2R, and PTPRC.
The connection between CAV1 and CARD11 promotes
T cell proliferation and NF-kappa-B activation in T cell
receptors/caras that are concentrated on CD3. Interaction
with ADA also changes the adhesion of the limfosit-
epitel adhesion. Compounds in the Clerodendrum
inerme plant function as DPP4 inhibitors, so increasing
or prolonging GLP-1 levels can potentiate insulin
secretion by the pancreas. In addition, inhibition of
DPP4 can reduce the production of a cells, so that
glucagon and glucose in plasma also decrease.?

From the extensive elucidation of cellular molecular
mechanisms related to the interaction between bioactive
compounds in C. inerme and target proteins, particularly
in the context of diseases like diabetes mellitus, it's
important to understand that this research is in-silico or
computationally  predictive,  utilizing artificial
intelligence. Subsequent in vitro and in vivo studies are
imperative to confirm and bolster the evidence presented
by this research.

In vitro and in vivo research are essential to
corroborate in-silico findings. While in-silico provides
valuable predictions, in vitro and in vivo studies validate
these predictions in real biological systems. They offer
insights into how substances or interventions affect living
organisms, their safety, and potential side effects. In vivo
research, in particular, is crucial for testing therapies'
effectiveness on experimental animals or humans,
providing a deeper understanding of their therapeutic
potential. By combining data from these three research
approaches, we gain a more comprehensive
understanding, reduce errors, and support the
development of safer and more effective treatments.

CONCLUSION

Compounds contained in the Clerodendrum inerme
plant, that are (Z)-3-Hexenyl beta-D-glucopyranoside,
Clerodermic acid can bind to proteins associated with
diabetes mellitus (GSK3B, PPARG, DPP4, STATS3).
These compounds bind by inhibiting or activating the
function of the target protein. So the Clerodendrum
inerme plant has potential as a diabetic drug candidate.

The use of computer models, which may oversimplify
complicated biological processes, is one restriction of in-

silico research. It doesn't account for real-world
unpredictability and could produce inaccurate
predictions. Additionally, data quality and model

validation are significant challenges that need additional
experimental validation to produce reliable results.
Recommend strengthening in-silico research through
model complexity enhancement, actual variability
involvement, and robust experimental accuracy
validation through in vitro and in vivo research.
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Abstract

Background: Histopathological examination is critical to evaluate tissue condition.
An accurate assessment is necessary for diagnosis establishment. Nowadays, both
quantitative and qualitative scoring are enhanced with computer-assisted image
analysis to reduce bias. Various software was developed to assist in image analysis.
The question of whether the measurement results from one software will be
comparable to those from another software may come up, given the wide variety of
software options. Nevertheless, this subject is only occasionally discussed.
Objective: This study aimed to compare the measurement results from two open-
source software, Fiji and QuPath software in kidney histomorphometry.

Methods: Five histological slides of normal Kkidney were observed. Selected
histological structures, including the renal corpuscle area, glomerular area, Bowman
space area, inner diameter of proximal, distal, and Henle loop, were measured using
QuPath (version 0.3.2) and Fiji (version 1.53c) software. The measurement results
from the two software were compared for value differences and agreement analysis.
Results: The renal corpuscle means the area was 12.7x10% um? in QuPath and 12.5
x10% um? in Fiji. The glomerular area was 7.8 x10° um? for both software. The
proximal tubule's inner diameters varied from 18.7 to 150.8 um. Smaller inner
diameters were observed in distal tubules (17.1-80.5 pum) and The Henle loop (15.5-
69.6 um). There was no significant difference in measurement results of particular
structures between the compared software (P-value > 0.05). The further confirmational
analysis supported the similarity between the two measurement results.

Conclusion: the measurement result of kidney microstructures using QuPath and Fiji
were identical.
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INTRODUCTION

Histopathological examination is critical to evaluate
the condition of cells, tissues, and organs. An accurate
assessment is necessary for diagnosis establishment or
determining  disease  progression.  Generally, a
histological examination can be performed semi-
quantitatively or quantitatively using virtual images and
measuring tissue histology parameters.

Both quantitative and qualitative methodologies
have advantages and disadvantages. The qualitative
diagnosis is based on identifiable morphological changes
in the tissue area of interest and requires trained experts

or pathologists.! In the semi-quantitative scoring, the
qualitative tissue data are converted into numerical data
which enables more reliable group comparison.? The
semi-quantitative approach is widely used in preclinical
and clinical research. However, a decent experimental
design and a reliable scoring system are a must in order
to enhance reproducibility and limit result bias.?
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Figure 1. Data acquisition procedures using QuPath and F1JI

Along with technological advancement, either
quantitative or qualitative scoring might be enhanced
with computer-assisted image analysis to lessen the bias.
Various software such as ImageJ2,® Fiji,* QuPath , Cell
profiler analyst,> Advanced cell classifier,® llastik,” Cell
Cognition Explorer® and many more were developed to
assist in image analysis. Typically, two-dimensional
sections are used for image analysis, which may produce
skewed results. As a result, more advanced methods such
as unbiased stereology and whole slide images (WSI)
analysis were introduced in histology. Unbiased
stereology and WSI analysis provide more reliable data
than traditional qualitative and semi-quantitative
analysis. However, applying these two methods might
not be feasible in some laboratories for several reasons,
including method complexity, technology and human
resource limitation,® the high initial cost of the scanners,
the cost of acquisition, deployment, and operational
costs of WSI.%0

Considering the aforementioned limitations, some
researchers or laboratories continue to use qualitative or

semi-quantitative  tissue  assessment.  Open-source
software is preferable to accommodate the analysis
demands. ImageJ was known as one of the pioneers of
image analysis software. Along with the technology
development, ImageJ was developed further to ImageJ2
and currently known as Fiji. As the next generation of
ImageJ, Fiji is equipped with various built-in plug-ins.
Another option for open-source software for analysis is
QuPath. QuPath is reliable software for digital pathology
and is designed to accommodate WSI analysis. However,
QuPath is less popular compared to Fiji. The question of
whether the measurement results from one software will
be comparable to those from another software may come
up given the wide variety of software options. To the
author's knowledge, this subject is only occasionally
discussed. Therefore, this study aims to compare the
measurement results from Fiji and QuPath software in
kidney histomorphometry.
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Figure 2. Kidney histological examination in various magnifications. A. Renal cortex at low magnification (4x); B. Renal cortex
at medium magnification (10x); C. Renal cortex at high magnification (40x); D, E, and F respectively represent the renal medulla

at low, medium, and high magnification.

MATERIALS AND METHODS

Haematoxylin  eosin-stained  human  kidney
histological slide was purchased from Ginkomed
Taiwan. Five slides (CAT NO H110010) were used in
this study. The observation was performed in the cortical
and medulla region using Leica DM500. Description of
specific tissue characteristics and histological structures
in 4x, 10x, and 40x objective magnification were
compared.

For histomorphometry analysis, areas containing the
renal corpuscle and medulla region were photographed
in 40x objective magnification using Leica ocular
camera (LCC50E). Leica LAS EZ software was used to
obtain calibrated images. The images then proceed
further for histomorphometry measurements using open-

source software QuPath version 0.3.2
(https://qupath.github.io/) and Fiji version 1.53c
(https://fiji.sc/).  Selected histological  structures,

including the renal corpuscle area, glomerular area, inner
diameter of distal tubules, proximal tubules, and Henle
loop were measured using QuPath and Fiji (Figure 1).
The Bowman space area was calculated by subtracting
the renal corpuscle area from glomerular area and
expressed in um2 The inner diameter of tubules was
stated in pm.

The measurement results from the two software were
analysed for data normality using Kolmogorov—Smirnov
test and then compared for value differences. The renal
corpuscle area, glomerular area and Bowman capsule
area were analysed with t-test. The tubules inner
diameters were analysed with Mann-Whitney test
because the data were not normally distributed. Deming
regression and Bland-Altman plot for agreement
analysis. P-value < 5% was considered as significant
difference between values. The study was approved by
the Medical and Health Research Ethics Committee of
Faculty of Medicine Universitas Muhammadiyah
Purwokerto (No: KEPKK/FK/052/V111/2023).

RESULTS
Renal histology

Renal tissue examinations were carried out
thoroughly, covering the renal cortex to the renal
medulla. At low magnification (4x), dark-red tissue
parenchyma was seen in the renal cortex. The renal
corpuscles were seen as spherical structures, scattered
through the cortex. The cortical labyrinth appears as
dense parenchyma with a white-colored lumen.
However, it is still difficult to distinguish the type of
kidney tubules at this magnification. As the
magnification increases, the histological structure details
become more visible (Figure 2B and C). The glomerulus
structure is identified, and the parietal layer of Bowman's
capsules can be distinguished from the surrounding renal
tubules. Higher magnification enables renal tubule
identification. As shown in Figure 2C, the proximal
convoluted tubule with a brush border on its lumen can
be distinguished from the distal tubule. A contrasting
histological appearance is exhibited in the medulla. In
low and medium magnification observation, the renal
medulla parenchyma was paler-colored and looser than
the cortex (Figure 2D and E). Renal tubules with varying
lumen diameters were seen. The collecting tubules, distal
tubule, and Henle loop segments appear to predominate
in the renal medulla (Figure 2F). However, the proximal
tubule is also occasionally found in this region.

Renal structures histomorphometry

Measurement of selected histological structures was
performed at 40x objective magnification. In the cortical
region, the measurements focused on renal corpuscles,
distal tubules, and proximal tubules. The area covered by
the parietal layer and renal glomerulus was determined.
The area of Bowman space was calculated by subtracting
the area contained in the Bowman capsule parietal layer
area from the glomerular area. In the medulla region, the
measurements were subjected mainly to the inner
diameters of the Henle loop.
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Table 1. Histomorphometry parameters of kidney microstructures
Histological structures QuPath Fiji p-value
Renal corpuscle area (x 10° pm?)
Min 6.3 6.3 0.8440%
Max 18.9 18.8
Mean+SD 12.7¢2.9 12.5+3.0
Glomerular area (x 10° um?)
Min 33 33 0.99149
Max 13.3 133
Mean£SD 7.8+2.1 7.8£2.2
Bowman space area (x 10° um?)
Min 1.7 2.0 0.6539%
Max 8.3 7.8
Mean+SD 4.8+15 4715
TP inner diameter (um)
Min 20.2 18.7 0.8288"
Max 142.4 150.8
Mean£SD 47.7+£25.46 47.5+26.3
TD inner diameter (um)
Min 17.1 17.8 0.9207”
Max 80.5 79.3
Mean+SD 36.8+15.0 36.6+15.0
HL inner diameter (um)
Min 15.7 15.5 0.9322"
Max 68.8 69.6
Mean£SD 35.1+10.7 34.9+£10.7

3 p-values were obtained from independent T-test
b p-values were obtained from Mann-Whitney test
TP: Proximal tubule; TD: Distal tubule; HL: Henle loop.

The measurement showed that the renal corpuscle
means areas were 12.7+2.9 x 10% um? and 12.5+3.0 x 10°
um? for QuPath and Fiji respectively. The glomerular
areawas 7.8+2.1 x 10% pm? for QuPath and 7.8+2.2 x 10°
um? for Fiji. The calculated mean Bowman space area
was 4.8+1.5 x 10° um? and 4.7+1.5 x 10 upm? for QuPath
and Fiji respectively. The T-test showed there was no
difference in the measurement from both software (p-
value > 0.05) (Table 1).

The detailed values of renal tubules' inner diameters
are shown in Table 1. Based on our examination using
two software, the inner diameter of the proximal tubule
ranged from 18.7-150.8 um. The distal tubules' inner
diameter was smaller compared to the previous tubule,
ranging from 17.1-80.5 um. The Henle loop had the
smallest diameter among the other kidney tubules, in the
range of 15.5-69.6 pm. From the renal tubule
measurements, we also did not find any statistical
differences between the two software measurement
results (p-value > 0.05).

To further confirmed that the measurement from
QuPath and Fiji were identical. We analysed the
quantification results using Deming regression and the
Bland-Altman plot. The Deming regression exhibited
linear correlation for quantification of renal corpuscle
area (Figure 3A), glomerular area (Figure 3B), and
Bowman space area (Figure 3C) in both software. In
addition, Pearson’s rho values were beyond 0.979
(Figure 3A-C, right panel). The Bland-Altman plot
showed most of the measurement values from both
software were within the lower and upper limits of
agreements. Only a small percentage of values were
outside the limit of the agreements range. The off-limit
values were 4% for the value of the renal corpuscle area
and 8% for either the glomerular or Bowman capsule
area value (Figure 3A-C, left panel).

The correlation and linearity from two measurements
were also demonstrated for the values of the inner
diameter of renal tubules. Pearson’s rho values greater
than 0.995 was obtained for the distal tubule (Figure 4A)
and proximal tubule (Figure 4B). For Henle loop inner
diameter, the lower Pearson’s rho value was obtained (r
= 0.880) (Figure 4C). The majority of paired data were
within the lower and upper limits of agreement of the
Bland-Altman plot. However, we observed 4% off limit
values in the distal tubule (Figure 4A left panel), and 8%
in proximal tubule and Henle loop inner diameter value
(Figure 4B and C, left panel).

DISCUSSION

All slides showed normal kidney histology. Under
normal circumstances, histological structures including
renal corpuscle, renal tubules, various types of vessels, in
the cortical and medulla regions were identified under a
bright field microscope. Magnification adjustment might
require to gain greater details on the structures. Particular
lesion or histological structures, might best be viewed in
specific magnification, for example glomerular lesions it
is usually observed at 400-1000x magnification while
tubulointerstitial lesions is generally analysed at 100-
400x magnification.*

We obtained renal corpuscle means areas of 12.7+2.9
x 10% um? in QuPath and 12.5+3.0 x 10° um? from Fiji
measurement. The glomerular areas were 7.8+2.1 x 10°
um? and 7.8+2.2 x 10%® um? for QuPath and Fiji
respectively. The glomerulus has a round figure and
approximately 200 pm diameter.!>!®* The larger
glomerular area was reported in patients with IgA
nephropathy  (28.9x10° pm?), Focal segmental
glomerulosclerosis  (31.1x10° pm?), Membranous
glomerulonephritis (27.9x10° um?),* and in Secondary
focal segmental glomerulosclerosis (3.1x10* um?).%
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(right panel) between measurement results using QuPath and Fiji.

(A) Renal corpuscle area (B) Glomerular area (C) Bowman space area. The red dashed line in Bland-Altman plot indicates the 95%
of the upper and lower limits of agreements. In Deming regression panel, the black dot indicates data points, purple dash indicates
Deming regression line, black line indicates simple regression line, and red dot indicates error bar for simple regression line.

The renal tubules varied in diameter and histological
appearance. Based on our measurements, the proximal
tubule’s inner diameters ranged from 18.7 to 150.8 pm.
Smaller inner diameters were observed in distal tubules
(17.1-80.5 pm) and The Henle loop (15.5-69.6 pm).
There are variations in lumen diameter according to the
previous report, the mean diameter of the human tubular
lumen was 39.6 + 1.8 um.*® The smaller mean diameter
was reported at 29.5 £ 9.2 um within the 30 - 60 um
diameter range.” Specified renal tubule segment, such
as the proximal convoluted tubule was about 15 mm long
and 55 pm in diameter.'® Contrary to popular belief, the
renal convoluted tubules are elliptical rather than round
due to the difference in mean length between the short

axis and the long axis. This issue should be considered
when analyzing tubular area or diameter.*®

The renal tubule diameters are often compared to
other species in the animal model for kidney diseases. In
mice, the normal proximal convoluted tubules’ mean
diameter was 37.4+0.5 pm (minimum diameter) and
44.0£0.7 pm (maximum diameter). For distal convoluted
tubules, the mean minimum diameter was 32.2+0.6 um
and the mean maximum diameter was 40.2+0.9 pum.°
Meanwhile the mean diameter for rat tubular lumen in the
kidney cortex was rat 32.5+2.9 pum.** The external
diameter of the Henle loop's thin section is about 12 pm.
The near end collecting tube is 200 um in diameter, while
the small collecting tubule has a diameter of roughly 40
um.2
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Figure 4. Bland-Altman plot (left panel) and Deming regression (right panel) between measurement results using
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regression line.

In this study, we compare the measurement results of
kidney microscopic structures using QuPath and Fiji.
From our observation this two software were resulting
comparable values. There was no significant difference
in measurement results of renal corpuscle area,
glomerular area, Bowman space area, luminal diameter
of proximal tubules, distal tubules, and Henle loop
between the compared software (p-value > 0.05). Further
confirmational analysis supported the similarity between
two measurement results. We analysed the
quantification results using Deming regression and the
Bland-Altman plot. Strong correlation and linearity from
two measurements were also demonstrated in all
observed kidney structures with Pearson’s rho values
greater than 0.995 for most structures except for the
Henle loop (r = 0.880). We observed some values were
outside the upper or lower limit of agreement. However,
the majority of paired data lies within the lower and

upper limits of agreement of the Bland-Altman plot and
only less than 10% off-limit values. The evidence
supports that both measurement values were identical.

Based on our experience, both QuPath and Fiji are
user-friendly and reliable for renal histomorphometric
analysis. However, our team found that QuPath provides
better workspace visualization compared to Fiji. Which
affects our navigation performance or response while
working on the project. In addition, annotating, object
measurement, and project management were more
convenient to perform in QuPath.

We note limitations in our study. Since WSI analysis
is not feasible in our team setting. We were not able to
compare the measurement results of both software with
the WSI result as the "gold standard".

In conclusion, the measurement result of kidney
microstructures using QuPath and Fiji were identical.
The researcher can select QuPath or Fiji for kidney
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histomorphometry and expect relatively similar
measurement results. For researchers who are
constrained to conducting research using unbiased
stereology or WSI, the availability of reliable and user-
friendly software can aid in carrying out
histomorphometry analysis.
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Article Info Abstract

History Background: The global COVID-19 pandemic, caused by the severe acute respiratory

Received: 03 Jul 2023 syndrome coronavirus 2 (SARS-CoV-2), experienced a surge in cases with the

Accepted: 31 Oct 2023 emergence of the Omicron variant. Despite increasing vaccination coverage, Indonesia

Available: 31 Dec 2023 witnessed peaks in COVID-19 cases. Variant screening and whole genome sequencing
(WGS) play a crucial role in identifying SARS-CoV-2 variants and monitoring their
spread.

Objective: The objective of this study was to compare variant screening results with
WGS data and assess the prevalence of subvariants.

Methods: Between November 7th and 18th, 2022, variant screening and WGS were
conducted on samples with CT values below 30. Variant screening utilized the
mBioCov-19+ VarScreen assay, while WGS was performed on the Oxford Nanopore
Technologies (ONT) platform. Bioinformatics analysis was performed using
epi2melabs. Demographic data were analyzed.

Results: Out of 89 subjects, all tested positive for the Omicron variant through variant
screening. The variant screening identified two subvariants: Omicron BA.2 (64%) and
Omicron B.1.1.529.1 (36%). WGS revealed that the XBB subvariant was the most
dominant (52.8%), followed by BQ.1 (22.5%) and BA.5 (13.5%). When VarScreen
indicated BA.2, the majority of WGS results showed XBB (82.5%), while for
B.1.1.529.1, the majority of WGS results were BQ.1 (59.4%), followed by BA.5
(37.5%). XBB was the most prevalent variant in both females and males, while BQ.1
was more dominant in females (80%). No infections were detected among children
aged 1-5 years.

Conclusion: Variant screening provides accurate and quick results for detecting the
Omicron variant in laboratories without WGS capacity. However, it is important to
continuously update the screening methodology based on the prevailing circulating
variants. During the study period, XBB emerged as the predominant subvariant of the
Omicron variant.

Keywords: Variant screening; Whole Genome Sequencing; Omicron, XBB
Permalink/ DOI: https://doi.org/10.14710/jbtr.v9i3.19147
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By the end of 2021, there was a significant increase ~ million cases.
in the daily worldwide cases of severe acute respiratory  *Corresponding author:
E-mail: r.hapsari@fk.undip.ac.id
(Rebriarina Hapsari)



https://doi.org/10.14710/jbtr.v9i3.19147
https://doi.org/10.14710/jbtr.v9i3.19147

Journal of Biomedicine and Translational Research, 9 (3) 2023, 111-115 112

This surge was largely attributed to the emergence
and spread of the Omicron variant, also known as
B.1.1.529' Due to the lower fatality rate of the Omicron
variant and the increasing number of vaccinated
individuals, it is expected that the global pandemic will
eventually reach to an end following the Omicron wave?,
However, the number of COVID-19 cases in Indonesia
continues to increase after the introduction of the
Omicron variant, with three peaks occurring in 2022,
specifically in February, August, and November, with
the highest number of confirmed cases being ten of
thousand cases.*

By the end of 2022, various SARS-CoV-2 variants,
including Alpha (B.1.1.7), Beta (B.1.351), Gamma
(P.1), Delta (B.1.617.2), and Omicron (B.1.529) along
with its subvariants, have been identified. Despite the
availability of vaccines, certain subvariants have shown
the ability to evade immunity, leading to infections in
vaccinated individuals or reinfection in COVID-19
survivor.®* Among all the variants, Omicron is believed
to possess the highest potential for immune evasion due
to its significant spike protein mutations. Therefore, the
identification of SARS-CoV-2 variants through genome
sequencing plays a crucial role in controlling the spread
of the virus.®

Genomic epidemiology has played a crucial role in
the SARS-CoV-2 pandemic as it has proven to be a
powerful technique for monitoring the emergence and
transmission of new viruses, as well as assessing
outbreaks.® The initial identification of SARS-CoV-2
occurred through whole genome shotgun sequencing of
a pneumonia patient in Wuhan, China, in December
2019. Prior to this, six coronaviruses (HCoV-OC43,
HCoV-HKU1, HCoV-NL63, HCoV-229E, SARS-CoV,
and MERS-CoV) had been identified as infecting
humans.” In comparison, SARS-CoV-2 shares
approximately 94.4% of its genome sequence with
SARS-CoV, and it was initially predicted to be a
zoonatic infection originating from bats, given its 96.2%
similarity to the genome sequence of SARSr-CoV
RaTG13 and 97% similarity in the spike glycoprotein.®®

Whole genome sequencing (WGS) is currently
considered the most accurate method for identifying
mutations in the SARS-CoV-2 virus. 1° However, due to
limited resources and time-consuming, WGS is not
commonly performed to identify SARS-CoV-2 variants.
To address this, variant screening methods have been
developed as alternatives to WGS. These methods
include RT-PCR-based assays and Virus-Receptor-
Based Electrical Biosensors, which can help identify
variants before conducting WGS tests.***2 In Indonesia,
we have developed an RT-PCR-based assay called
mBioCov-19+ VarScreen, which can identify several
SARS-CoV-2 variants, including Alpha (B.1.1.7), Beta
(B.1.351)/Gamma (P1), Mu (B.1.621), Delta/Delta Plus
(B.1.617.2), B.1.620, Lambda (C.37), Omicron
(B.1.1.529.1), and BA.2. However, it isimportant to note
that this variant assay may not be able to identify specific
subvariants such as BA5, BQ.1, and XBB. In Asia,
Omicron variant quickly replaced previous circulating
strain after its introduction, and then followed by its
subvariants, namely BA.1, BA.2, BA.4, BA.5,BQ.1, and
XBB. Among those, XBB became the most
predominating subvariants in October 2022.134

In our study, we conducted both variant screening and
whole genome sequencing (WGS) tests. We examined
the prevalence of subvariants identified through WGS
and compared it with the results obtained from variant
screening. Additionally, we investigated the correlation
between these subvariants and demographic data.

MATERIALS AND METHODS

During 7% and 18" November 2022, we performed
SARS-CoV-2 variant screening test and whole genome
sequencing using the ONT platform (Oxford Nanopore
Technologies, New York, NY, USA) on samples with CT
value<30 (Bio Farma, Bandung, Indonesia).

SARS-CoV-2 variant screening was done using
mBioCov-19+  VarScreen  according to  the
manufacturer’s instruction (Bio Farma, Bandung,
Indonesia). mBioCov-19+ VarScreen kit was intended to
identify Alpha (B.1.1.7), Beta (B.1.351)/Gamma (P1),
Mu (B.1.621), Delta/Delta plus (B.1.617.2), B.1.620,
Lambda (C.37), Omicron (B.1.1.529.1), and BA.2
variants. This kit incorporated two reactions targeting
Helicase gene to detect SARS-CoV-2; and H69/V70,
E484K/Q/A, N501Y, T478K, ORFlab SGF3675-3677-
mutations to determine variants and subvariants.

Whole genome sequencing was done using the PCR
tiling of SARS-CoV-2 virus with rapid barcoding and
Midnight RT PCR Expansion protocol on GridlON
(Oxford Nanopore Technologies, New York, NY, USA).
Bioinformatics analysis, i.e., quality control check,
ARTIC workflow run, and nextclade analysis, were
performed by epi2melabs.’® Gender and age were
collected on this study and analyzed based on the group
of SARS-CoV-2 variants.

This study has been approved by the Institutional
Review Board of the Dr. Kariadi Hospital, Semarang,
Indonesia (Number 1363/EC/KEPK-RSDK/2022).

[ 52.81% XBB
[ 22.47% BQ.1
[J 13.48% BAS
[ 8.99% BN.1
E 1.12% BA3
I 1.12% CP.1

Figure 1. Distribution frequency of Omicron
subvariants based on WGS

RESULTS

A total of 89 subjects were enrolled during the study
period. Variant screening revealed that all the subjects
were infected by the Omicron variant. Among them, 57
(64%) were identified as Omicron BA.2, whereas 32
(36%) were identified as Omicron B.1.1.529.1 by
mBioCov-19+ VarScreen. Based on WGS and lineage
assignment, XBB was the most dominant subvariant,
accounting for 47 (52.81%), followed by BQ.1 and BA.5,
which accounted for 20 (22.47%) and 20 (13.48%),
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Table. 1 Crosstabulation of VVarScreen and WGS
VarScreen Whole Genome Sequencing Lineages
XBB BQ.1 BA.5 BN.1 BA.3 Cp.1
BA.2 47 (82.5%) 1 (1.8%) 0 (0%) 8 (14%) 1 (1.8%) 0 (0%)
Omicron 0 (0%) 19 (59.4%) 12 (37.5%) 0 (0%) 0 (0%) 1(3.1%)
B.1.1.529.1
Table. 2 Demographic among Omicron Lineages
XBB BQ.1 BA.5 BN.1 BA.3 CP.1
Gender
Male 18 (52.9%) 4 (11.8%) 7 (20.6%) 5 (14.7%) 0 (0%) 0 (0%)
Female 29 (52.7%) 16 (29.1%) 5 (9.1%) 3 (5.5%) 1(1.8%) 1(1.8%)
Age, years 44.64+22.71 39.33+23.68 32.63+20.2 58.88+21.74 31* 34*
(Mean%SD)
<1 years 6 (66.7%) 2 (22.2%) 1(11.1%) 0 (0%) 0 (0%) 0 (0%)
1-5 years 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
6-18 years 0 (0%) 1 (33.3%) 2 (66.7%) 0 (0%) 0 (0%) 0 (0%)
18-60 years 29 (52.7%) 12 (21.8%) 8 (14.5%) 4 (7.3%) 1(1.8%) 1(1.8%)
>60 years 12 (54.5%) 5 (22.7%) 1 (4.5%) 4 (18.2%) 0 (0%) 0 (0%)

*Data obtained only from one subject

respectively. The less frequent variants were BN.1,
BA.3, and CP.1, which accounted for 8 (8.99%), 1
(1.12%), and 1 (1.12%), respectively (Figure 1).

According to the variant screening results, the BA.2
subvariant was primarily comprised of XBB and BN.1,
accounting for 47 (82.5%) and 8 (14%), respectively. On
the other hand, the variant screening results for Omicron
B.1.1.529.1 indicated that the dominant subvariants were
BQ.1 and BA.5, accounting 19 (59.4%) and 12 (37.5%),
respectively. Interestingly, there was one subject where
the BQ.1.1 subvariant was detected within the BA.2
variant screening. A cross-tabulation between variant
screening and WGS is shown in Table 1.

Demographics among Omicron subvariants

Based on the data presented in Table 2, we can
conclude that XBB was the most dominant variant
observed in both females and males across different age
groups during the study period. Among females, BQ.1
was more dominant, accounting for 16 (80%), compared
to males where it accounted for 4 (20%). No infections
were detected among children aged 1-5 years in our
study.

DISCUSSION

Variant screening for SARS-CoV-2 refers to the
process of detecting and identifying genetic variant
groups or mutations of the virus. Some SARS-CoV-2
variants may be associated with increased virulence, or
increased transmissibility, or decreased efficacy of
current diagnostics, vaccinations, or treatments, the

variants which are known as variants of concern. To date,
there have been five variants of concern of SARS-CoV-
2 i.e, Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1),
Delta (B.1.617.2), and Omicron (B.1.529). Variant
screening has helped in monitoring the spread and
prevalence of different SARS-CoV-2 variants (especially
during the Delta variant outbreak and early Omicron
outbreak). It provided valuable information for public
health interventions and the implementation of control
measures. By understanding the prevalence and
characteristics of different variants, public health
authorities can make informed decisions to mitigate the
spread of the virus and adapt response efforts
accordingly .87

Significant mutations in the SARS-CoV-2 virus
leading to highly transmissible virus were identified in
November 2021, in which the resulting strain has been
called as Omicron variant (B.1.1.529) and considered as
a variant of concern by the World Health Organization.
The first confirmed case was reported in South Africa,
and subsequent cases were identified globally, leading to
the displacement of the Delta variant in many countries.®
Despite extensive mutations in the spike protein,
Omicron appears to have lower pathogenicity due to
alterations in the non-RBD portion of its S protein,
affecting cellular tropism. Compared to previous
variants, the Omicron variant is suspected to enter cells
via an endosomal entry route in the upper respiratory tract
(where TMPRSS2 expression is low), as opposed to a
plasma membrane entry route in lung tissue with high
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TMPRSS2 expression. This altered entry route is
believed to contribute to its high transmissibility. 120

Before the Omicron outbreak occurred, Indonesia
experienced 4 months with relatively few cases.
However, when Omicron struck, there was a sudden
surge in positive COVID-19 cases in Indonesia,
accompanied by an increase in hospitalizations and
deaths. VarScreen testing plays a role in the early stages
of the Omicron outbreak due to the limited availability
of WGS facilities. Health authorities require rapid
epidemiological data on the spread of the SARS-CoV-2
virus to understand its transmission and effectively
address it.

Our study revealed that all subjects enrolled during
the study period were infected with the Omicron variant,
as indicated by both the Variant Screening and WGS
results. Initially, the Omicron variant has been
categorized into BA.1 and BA.2 sub-lineages. As time
passes, mutations continue to occur, leading to the
discovery of other major sub-lineages, including BA.3,
BA.4, BA.5, and XBB. In our study, the most prevalent
sub-lineage of the Omicron variant was XBB, followed
by BQ.1. During the study period, when VarScreen
results showed BA.2, the majority of WGS results were
XBB (82.5%), and for Omicron B.1.1.529.1 in
VasScreen, the majority of WGS results were BQ.1
(59.4%), followed by BA.5 (37.5%).

A previous study documented that using a RT-PCR
based SARS-CoV-2 variant screening assays can
quickly provide the probable variant of SARS-COV-2,
but it requires careful quality control and
interpretation.? Previously, the assay in our study has
been carefully evaluated against Omicron variant by
using he spike (S)- gene target failure (SGtF) and S-gene
target positive (SGtP) with the principle of the single
nucleotide polymorphism (SNP)-probe test. Here in our
study, we did practical analysis in performing both
variant screening and WGS examination.

The XBB subvariant of Omicron is considered a
recombinant strain originating from the BA.2 lineage. It
is formed through recombination of two specific
sublineages, namely BA.2.10.1 and BA.2.75. This
recombinant strain is characterized by several mutations
in the Spike protein, which play a crucial role in the
virus's infectivity and interaction with the host cells.??
BQ.1 is a sublineage derived from BA.5, and it is
characterized by specific spike mutations occurring in
significant antigenic sites, such as K444T and N460K.
Furthermore, the BQ.1.1 sublineage carries an extra
spike mutation in another crucial antigenic site, namely
R346T.%22 BQ.1 was previously noted to be more
prevalent in the United States. It has been proposed that
the virus has the ability to evolve uniquely in each
geographic area, resulting in the emergence of variants
that are better adapted to specific local communities.?*
Our study also showed that XBB is equivalently
distributed among sex and ages. Meanwhile, BQ.1 is
more dominant in female. There is no current study
describe the association of BQ.1 and female sex, thus it
might be coincidence.

The current VarScreen has limited effectiveness in
today's (July 2023 when this article is prepared) context
due to the predominant presence of mutations
originating from XBB sublineages and not from others.

With the emergence of the Omicron subvariants, there is
a pressing need to enhance the capabilities of VarScreen
to accurately detect and identify the strains currently
circulating. This adaptation is crucial to provide timely
and relevant information for effective public health
interventions. By updating and modifying VarScreen to
target the specific genetic markers and mutations
associated with the Omicron subvariants, we can improve
its sensitivity and specificity in identifying the currently
circulating strains. This would enable healthcare
professionals and public health authorities to quickly
identify cases, implement appropriate isolation measures,
and conduct contact tracing to prevent further
transmission.

CONCLUSION

Variant screening provides accurate and quick result
of Omicron variant in the laboratories with no WGS
capacity. During the study period, a BA.1.1.529.1 found
in the variant screening would be more likely to be a
BQ.1, while BA.2 would be more likely to be an XBB
variant. Variant screening reagents should be
continuously updated based on the predominating
circulating variants.
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Article Info Abstract

History Background: The role of Neutrophil-to-Lymphocyte ratio (NLR) and Platelet-to-
Received: 16 Jul 2023 Lymphocyte ratio (PLR) as an easy and inexpensive prognostic examination modality
Accepted: 22 Dec 2023 has different results. While the combination of the two has never been done.
Available: 31 Dec 2023 Objective: This study investigated the association between NLR/PLR and outcomes

in advanced lung adenocarcinoma Epidermal Growth Factor Receptor (EGFR)
mutation-positive with Tyrosine Kinase Inhibitor (TKI) treatment.

Methods: This retrospective study enrolled 40 medical records of lung
adenocarcinoma patients treated with TKI in Ulin General Hospital from 2017-2019,
with follow-up until April 1, 2021. A receiver operating curve (ROC) was performed
to determine the optimal cut-off and parallel tests of NLR/PLR combination. The
Kaplan-Meier was used to evaluate the impact on progressive-free survival (PFS) and
overall survival (OS).

Results: The optimal cut-off was 6.25 for NLR and 451.5 for PLR with sensitivity and
specificity of PFS (31.6%, 100%, and 18.4%, 100%) and OS (32.4%, 100% and 8.9%,
100%) (AUC 0.362, 0.329 and 0.482, 0.477) respectively. Patients in NLR <6.25 and
PLR <451.5 groups presented longer PFS (10 months, 95% CI:7.783 -12.217, vs. 8
months, 2.908-13.092, p=0.821; 10 months, 7.508 — 12.492 vs. 9 months, 6.434-
11.566, p=0.513) and OS (20 months, 14.017-25.983 vs.16 months, 11.474-20.526,
p=0.378; 20 months, 14.629-25.371 vs. 14 months, 3.735-24.265, p=0.382) but not
significantly correlated.

Conclusion: High pre-treatment NLR and PLR showed shorter PFS and OS, although
not significant as a prognostic marker for PFS and OS of EGFR-mutant lung
adenocarcinoma treated with TKI.

Keywords:
Lung Adenocarcinoma; NLR; PLR; progressive-free survival; and overall survival
Permalink/ DOI: https://doi.org/10.14710/jbtr.v9i3.19403

INTRODUCTION never-smoker Asian females diagnosed with lung
About 85% of new lung cancer cases are non-small ~ adenocarcinoma was recommended before initiation of

cell lung cancer (NSCLC). One of the most typical forms  first-line therapy for advanced NSCLC.2%

of NSCLC is adenocarcinoma.!l One type of

adenocarcinoma is with an Epidermal Growth Factor  *Corresponding author:

Receptor (EGFR) mutation. The highest frequency of E-mail: fidya.arganita@ulm.ac.id

EGFR mutations was found in Asia (51.4%). This (Fidya Rahmadhany Arganita)

mutation is most commonly found in women who are not

smokers. Consideration for examining mutations in
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EGFR-Tyrosine Kinase Inhibitor (TKI) is the first-
line therapy in NSCLC patients with EGFR mutations.
EGFR-TKI offers a better quality of life in lung cancer
patients than chemotherapy.* Treatment with EGFR TKI
will provide a more prolonged overall survival (OS) if
the type of lung cancer is adenocarcinoma, younger
ageless advanced clinical stage, and there are fewer
comorbidities. It was suggested that adenocarcinoma
with EGFR TKI has a better life expectancy.® However,
more research is needed regarding the modalities of
prognostic examinations that are easy and cheap to
determine the best intervention.

A routine haematological examination has become
necessary in patient management. Assessment of
Neutrophil-to-Lymphocyte ratio (NLR) and Platelet-to-
Lymphocyte ratio (PLR) as inflammatory markers are
often used to assess stratification and prognostic in
patients with malignancies. The development and tumor
growth was highly indicated by marker driven by
inflammation, such as NLR and PLR. A large cohort
study in Korea found a relationship between NLR and
lung cancer deaths in lung cancer-free adults.® Some
studies on different subjects have been done. A study in
NSCLC advanced patients, not specific to any
therapeutic modalities,” and with modalities of immune
checkpoint  inhibitor  therapy (nivolumab and
pembrolizumab),®® found that NLR and PLR were
significantly related to PFS and OS. Research on
NSCLC with surgically resected non-small cell lung
cancer found that NLR and PLR were associated with
0S.1 Several studies that assessed NLR and PLR as
prognostic markers in NSCLC showed different
results.5-8

There has been limited research on lung
adenocarcinoma treated by EGFR TKI. A study in
adenocarcinoma treated with TKI found NLR related to
PFS.? The combination of NLR and PLR against PFS
and OS in EGFR-TKI-treated lung adenocarcinoma
patients has not been conducted in previous studies.”
This study investigated the association between NLR,
PLR, and parallel test of both the PFS and OS in
advanced lung adenocarcinoma EGFR mutation-
positive with TKI treatment. This study was essential to
maximize the management of lung adenocarcinoma
patients.

MATERIALS AND METHODS

Study Design and Subjects

This is observational analytic research with cohort
retrospective design. The sample population was 40
adenocarcinoma lung cancer patients newly diagnosed
with positive EGFR mutations who will undergo TKI
therapy at Ulin General Hospital. This study data was
from outpatient and inpatient medical records of patients
treated at Ulin General Hospital from January 2017 to
December 2019. This study was conducted with the
subject's inclusion: adenocarcinoma lung cancer patients
with positive EGFR mutations who received TKI target
therapy at Ulin General Hospital from January 1, 2017,
to December 1, 2019, and followed until April 1, 2021.
The exclusion criteria were (1) Adenocarcinoma lung
cancer patients with positive EGFR mutations who had
previously undergone targeted TKI therapy or received

chemotherapy. (2) Diagnosed with hematological
malignancies (3) Diagnosed with infection (4) Got
additional corticosteroid ~ therapy ~ or  other
immunosuppressant drugs.

Table 1. Characteristicsof Subjects

Characteristic N (%)
Age

<50 8 (20)
>50 32 (80)
Gender

Male 28 (70)
Female 12 (30)
Smoking Status

Smokers 25 (62.5)
Non-smokers 15 (37.5)
Tumor Stage

Inic 1(2.5)
IVA 39 (97.5)
EGFR Mutation status

18 0 (0)

19 26 (65)
20 0 (0)

21 14 (35)
ECOG Performance Status

0 2 (5)

1 37 (92.5)
2 1(2.5)
TKI

Afatinib 12 (30)
Erlotinib 2 (5)
Gefitinib 26 (65)

ECOG, Eastern Cooperative Oncology Group; TKI,
Tyrosine Kinase Inhibitor.

Data Collection

Positive EGFR Mutation was defined by the detection
of EGFR mutations based on PCR test from Formalin-
Fixed Paraffin-Embedded (FFPE) blocks or cytology
specimens of the patients with lung adenocarcinoma.
DNA was assayed using Polymerase Chain Reaction
(PCR) Rotor-Gene Q system (Qiagen, Hilden, Germany)
with Qiagen therascreen® EGFR RGQ PCR kit (Qiagen,
Manchester, UK) to qualitatively detect the following 29
somatic mutation on exon 18, 19, 20, and 21 mutations.
NLR was determined by the count of neutrophils divided
by the count of lymphocytes. PLR was determined by the
total number of platelets divided by lymphocytes.
Progression-free survival (PFS) was defined as the length
of time during and after the treatment that the condition
does not worsen or progressive. Overall Survival (OS)
was the length of time from either the date of diagnosis
and the patients are still alive.
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Table 2. Cut-Off Value, Sensitivity and Specificity of NLR and PLR with ROC Curve Analysis

PFS (O]
Variable glfjft Sensitivity Specificity AUC P-Value Sensitivity ~ Specificity AUC P-Value
(%) (%) 95% CI (%) (%) 95% CI
NLR 6.25 31.6 100 0.362 0.515 324 100 0.482 0918
(0.200- (0.253-
0.524) 0.711)
PLR 4515 184 100 0.329 0420 18.9 100 0.477  0.898
(0.088- (0.187-
0.569) 0.768)
NLR+ - 316 100 0.395  0.620 324 100 0.523  0.898
PLR (0.211- (0.280-
0.579) 0.765)
Cl, Confidence Interval
Table 3. Clinicopathology Characteristic based on NLR and PLR
. NLR PLR
Variable
<6.25 >6.25 P Value <4515 >451.5 P Value
Age
<50 7 1 7 1
0.369 1.0
>50 21 11 26 6
Gender
Male 8 4 10 2
1.0 1.0
Female 20 23 5
Smoking Status
Non-smokers 11 4 13 2
Smokers 17 8 10 20 5 0.691
Mutation Status
Del —19 19 7 21 5
Exon 21 L858R 9 5 0.720 12 2 10

Fisher exact test

Data Analysis

The normality of data was analyzed using the
Shapiro-Wilk test. Determination of the optimal cut-off
value of NLR and PLR for PFS and OS uses Receiving
Operating Characteristics (ROC) Curves. A parallel test
of NLR and PLR was also performed against PFS and
OS using ROC curves. NLR and PLR are categorized
according to the cut-off point and tested with chi-square
or Fisher exact test. NLR and PLR's relationship with
Median Survival Time (MST) in PFS and OS were
analyzed using Kaplan—Meier's analysis. The difference
in each survival time is assessed based on the log-rank
test.

This research was approved by Health Research
Ethics Committee of Ulin General Hospital, Universitas
Lambung Mangkurat
(No.50/V11-Reg Riset/RSUDU/2021).

RESULTS

There were a total of 40 subjects included in this
study with clinical characteristics in table 1 showed that
the majority of the sample was over 50 years old (80%),
male (70%), smoker (62.5%), stage IVA (97.5%) with
exon mutation 19 (65%), and has Eastern Cooperative
Oncology Group Performance Status (ECOG PS) 1
(92.5%). The most frequent use of TKI was gefitinib at
65%, afatinib at 30%, and erlotinib at 5%.

As seen in table 2, we found the same cut-off value of
NLR for PFS and OS, 62.5, while PLR for PFS and OS
is also the same, which is 451.5. In parallel tests, showing
concurrent assessment of NLR and PLR values can
increase sensitivity and specificity to PFS and OS.

Analysis of clinicopathological characteristics
associated with NLR, PLR and PFS, and OS

Patients with high NLR and high PLR were found at
age >50, male sex, smoker, and exon mutation 19 (table
3). However, there were no significant differences in
NLR and PLR values based on clinicopathological
characteristics.

Based on table 4, ages over 50 years, females,
smokers, exon deletion mutation 19, and treated with
erlotinib were found to have a longer PFS time, but there
was no significant difference. Meanwhile, the longer OS
was obtained in female patients, smoking and using the
erlotinib type of TKI but did not significantly different.

Analysis of NLR and PLR with PFS and OS

The analysis of NLR and PLR values with PFS was
described in table 5. Kaplan Meier's curve analysis in
figure 1 (A) and (B) showed median PFS in the group
with NLR <6.25 was 10 months (95% CI. 7.783 —
12.217), and the group with NLR > 6.25 was eight
months (95% CI: 2.908-13.092). PFS in groups with
PLR <451. 5 was 10 months (95% CI: 7.508-12.492),
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Table 4. Potential Factor of Characteristic Clinicopathology related to PFS and OS
. Progression-Free Survival Overall Survival
Variable
N MST (months) P N MST (months) P
Age
<50 8 9 8 19
>50 32 10 0.952 32 19 0.777
Gender
Male 28 8 0.774 12 14 0.944
Female 12 10 ' 28 20 '
Smoking Status
Non-smokers 15 9 15 15
01944 0.826
Smokers 25 12 25 23
Mutation Status
Del - 19 26 12 0221 26 19 0.286
Exon 21 14 7 14 19
TKI
Afatinib 12 10 12 24
Gefitinib 26 8 0.099 26 19 0.494
Erlotinib 2 13 2 25
MST, Median Survival Time. TKI, Tyrosine Kinase Inhibitor
Table 5. The Univariate Analysis between NLR and PLR for PFS and OS
Progression-Free Survival Overall Survival
Variables
Median 95% CI P value Median 95% CI P value
NLR < 6.25 10 months 7.783 —12.217 0821 20 14.017-25.983 0378
NLR > 6.25 8 months 2.908 — 13.092 ' 16 11.474-20.526 ’
PLR <4515 10 months 7.508 —12.492 0513 20 14.629-25.371 0.382
PLR >451.5 9 months 6.434 — 11.566 ' 14 3.735-24.265

Cl, Confidence Interval

and the group with PLR >451.5 was 9 months (95% CI:
6.434-11.566). The difference in PFS between high and
low NLR and PLR is not significant.

The analysis of NLR and PLR with median OS was
in table 5, with Kaplan Meier in Figure 1 (C) and (D).
Groups with NLR <6.25 obtained median OS 20 months
(95% CI: 14.017-25.983), the group with NLR >6.25
obtained the median OS 16 months (95% CI: 11.474-
20.526). A group with PLR >451.5 obtained an median
OS of 14 months (95% CI: 3.735-24.265), while PLR
<451.5 had a longer median OS of 20 months (95% CI:
14.629-25.371). However, the difference in the length of
OS between the two NLR and two PLR groups was not
significant.

DISCUSSION

Based on sample characteristics in adenocarcinoma
patients with positive EGFR mutations who underwent
TKI therapy in the period 2017 to 2019, this study was,
on average, over 50 years old. In accordance with other
research, lung adenocarcinoma patients with EGFR
mutations were more common in the population of
patients > age 50 years.™® The findings of the present
study was also in accordance with a study conducted in
dr. Soetomo General Hospital which found that most
adenocarcinoma patients were male active smokers with
age > 50 years.!? In this study, the most common type of
mutation was the deletion of Exon 19 in both men and
women.

Several studies on NLR and PLR as prognostic
biomarkers in NSCLC treated with different therapeutic
modalities have been conducted. Prognostic biomarkers
studied in advanced NSCLC patients, not specific in
therapeutic modalities, found that high NLR and PLR are
significantly associated with poor OS. High NLR is
significantly associated with poor OS post-treatment.’
Another study on NSCLC subjects treated with immune
checkpoint inhibitors (nivolumab and pembrolizumab)
found that high NLR and PLR pre-treatment values were
independently associated with shortening PFS and OS.°
In NSCLC patients treated with nivolumab, it was found
that the increase in NLR and PLR was associated with
shorter PFS and OS. While patients with surgically
resected NSCLC found that NLR and PLR were
associated with OS, only Systemic Inflammation Index
(S11) was promising as a prognostic predictor for patients
with surgically resected, and its significance persisted
only in subgroups of pulmonary adenocarcinoma. 2 In
NSCLC with dominant subtype epidermoid carcinoma
on the sample, NLR values were independently
associated only with survival disease, and PLR was
associated with only overall survival.

There was only one study on the subjects of EGFR
mutation lung adenocarcinoma treated with EGFR TKI
and found NLR, PLR, and SII were predictors of PFS;
however, only Sl was a predictor in the OS. The cut-off
values found in the study were >4.40 (NLR) and
>182.595 (PLR).
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Figure 1. Kaplan—Meier curves of PFS according to NLR (A) and PLR (B), and OS according to NLR (C) and PLR (D).

Several characteristic variables in NSCLC subjects
affect NLR and PLR values, including ECOG PS related
to higher NLR and smoking history related to higher
PLR.?

The present study found that the characteristics of

subjects, such as age, gender, smoking status, and
mutation status, were not significantly associated with
high NLR and high PLR.  With the cut-off values of
>6.25 (NLR) and >451.5 (PLR) that we found, Kaplan
Meier analyzed log-rank tests and found no significant
differences in PFS and OS. However, both show shorter
median values in high NLR groups and high PLR. So far,
there are minimal publications of research on lung
adenocarcinoma subjects with EGFR mutations:
In this study, a parallel test combining NLR and PLR
values in adenocarcinoma patients found an increase in
Area Under the Curve (AUC) to 0.523
(sensitivity=31.6%, specificity=100%), higher than the
use of NLR or PLR alone. A study combining prognostic
NLR and PLR scores in NSCLC subjects found that
higher NLR was associated with poor prognosis. Low to
normal NLR with high PLR was related to moderate risk,
while lower NLR and lower PLR were an excellent
prognosis.*?

The relationship between NLR and PLR to the OS
showed no significant relationship.  Lower and higher
NLR has OS 20 and 16 months, respectively.
Meanwhile, lower and higher PLR had OS of 20 and 14
months, respectively. In a previous study, a significant
relation was not found in PLR with OS, 29 months in
low PLR and 17.3 months in high PLR. There were
significant results in NLR and SII with longer OS in low-
value groups. There have not been many other studies
with similar research subjects compared to this study.°
The difference in the results of this study compared with
the previous studies could be caused by several factors.

As is known, NSCLC is a type of 85% of lung cancer,
and adenocarcinoma is the most common NSCLC. The
incidence of EGFR mutations in the lung cancer
subgroup adenocarcinoma in Asia-Pacific also has the
highest frequency of 47%, and many factors can affect
prognostic patients.’®* However, the characteristics of
clinicopathology (age, gender, smoking status, type of
mutation, and type of TKI therapy) in this study showed
no meaningful relationship with the PFS and OS,
indicating that it was not significant to interfere with the
research.

Another factor related to PFS and OS but not assessed
in this study was the nutritional status of subjects where
systemic inflammation due to cancer is known to affect
immune status while inducing metabolic disorders and
resulting in malnutrition. Cancer-related cachexia also
affected prognosis.'* Cachexia was frequent in advanced
cancer patients, corresponding with reduced life and bad
prognosis.’® As a complication of cancer, cachexia
manifests as a loss of muscle and fat mass.’®*  Another
study examining  immune-inflammation-nutritional
parameters (PNI) was significantly associated with
overall survival.’

Another factor that can be related to prognosis is the
type of mutation; a multi-centre study in Korea showed
that the most EGFR mutations were Exon-19 (51%)
followed by Exon-21 (42%). Deletion of Exon-19 is the
only significant factor that decreases mortality, while
mutation of Exon-21 is associated with the highest
increase in mortality.*® In this study, all samples that did
not experience progressiveness in this study also had a
type of deletion exon-19 only. Although the type of lung
cancer has been homogeneous in previous studies, the
kind of mutation with a different potential effect on
prognosis may be one factor affecting the outcomes.
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Other studies showed a prognosis link with genes and
protein markers that play an essential role in lung
adenocarcinoma, i.e.. UBE2C, MCM2, MCM6, FENL1,
and TPX.!® Other research on gene signatures
demonstrates strong prognostic abilities and can be an
independent predictor for lung adenocarcinoma patients
in all datasets except GSE31210. In addition, the gene
signature can predict lung adenocarcinoma patients'
overall survival (OS) in different subgroups.® The
identification of numerous inactivating mutations in
genes that regulate the epigenome was a recent result of
whole exome sequencing of thousands of patient
malignancies. These mutations may affect nucleosome
placement, histone modifications, and DNA methylation
patterns, altering gene expression. Given that
epigenomes play a significant part in the hierarchy of
gene regulatory mechanisms, mutations may affect
various pathways connected to the cancer phenotype.?
These gene protein markers were also associated with
poor prognoses; we have not studied them further. More
research about other related factors like nutritional state
and genetic factors needs to be done to confirm further
research.

CONCLUSION

In conclusion, high pre-treatment NLR and PLR
showed slightly shorter PFS and OS, although they were
not significant as a prognostic marker for PFS and OS of
EGFR-mutant lung adenocarcinoma treated with TKI.
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Abstract

Psts1 is a 38-kDa phosphate-binding periplasmatic protein which developed from the
recombinant Ag38 protein in local strain of Mycobacterium tuberculosis. Pstsl has
great potential to be used as a sero-diagnosis agent to be antigen rapid test because it
has several epitopes that bind to antibodies. However, it is not yet known which
antibody Ag38-recombinant binds maximally between IgA and IgG.

Objective: The aim of this study is to compare the interaction between 1gG and IgA
on Pstsl in silico as a basis for the selection of sero-diagnosis agents in M.
tuberculosis.

Methods: Protein-protein docking simulations using HDOCK and PDBSum

Result: The results show that the protein PstS1 has a higher binding sensitivity to IgG
based on one of the docking models which shows a docking score of -229.70, a
confident score of 0.8312 and RMSD 1.060 A. Ramachandran plot also shows that
testing on this model has a protein structure that is good, with disallowed regions
values of 0.5% (less than 0.8%). The results of this analysis show that the most favored
regions are 90.5% with a G-factor of -0.27. The quality of the structure 3D mooring
model can be said to be good because it fulfills the ideal structure requirements.
Conclusion: Psts1 M. tuberculosis H37Rv binds to IgG more strongly than IgA.
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INTRODUCTION accuracy in endemic setting.” Sero-diagnosis

Diagnosis of TB in is a challenge for health workers,
because it has paucibacillary properties, then the
symptoms that appear are usually non-specific and there
are many limitations to existing diagnostic tests.>?2 This
is due to the difficulty of diagnosis which reaches 90%.*
The main problem with is the difficulty of identifying
infected individuals due to the paucibacillary nature of
M. tuberculosis bacteria and also the limited sensitivity
of tests.®> In some case, some studies suggested that
antibodies have possibility play protective role in at least
a proportion of otherwise healthy individuals who have
a history exposure of M. tuberculosis.® Using
commercial serological tests for active TB have a poor

applicable in many infectious diseases such as hepatitis,
AIDS etc. But no successful sero-diagnosis methods have
been commercialized for TB based on M. tuberculosis
antigen-specific 1gG responses 8° or IgA responses.
Antigen-based diagnostic tests have received special
attention recently because of their high potency. One of
them is the development of non-sputum-based diagnostic
tests such as blood, urine, feces and saliva which have
also been prioritized by the world health organization.°
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Table 1. IgG and IgA docking analysis with PstS1 using HDOCK

Sample Docking score Confident score RMSD
Model 1 IgG -231.57 0.8364 36.10
Model 2 19gG -229.70 0.8312 1.06
Model 3 1gG -226.27 0.8213 39.81
Model 1 IgA -55.42 0.1311 94.07
Model 2 IgA -53.38 0.1265 86.31
Model 3 IgA -52.43 0.1244 58.06

Table 2. IgG docking analysis with the PstS1 epitope using HDOCK

Sample Model Docking score Confident score RMSD
1 -159.69 0.5483 47.20

Epitope 1 2 -153.66 0.5183 51.91
3 -151.86 0.5093 49.49

1 -120.29 0.3557 61.29

Epitope 2 2 -117.78 0.3443 60.76
3 -115.75 0.3351 63.10

1 -153.49 0.5174 49.94

Epitope 3 2 -150.64 0.5032 38.63
3 -149.98 0.4999 39.19

1 -239.45 0.8568 119.35

Epitope 4 2 -220.59 0.8040 116.79
3 -220.57 0.8040 84.45

Table 3. IgA docking analysis with the PstS1 epitope using HDOCK

Sample Model Docking score Confident score RMSD
1 -39.89 0.0996 90.88

Epitope 1 2 -39.67 0.0992 89.70
3 -39.23 0.0984 83.67

1 -30.57 0.0840 79.23

Epitope 2 2 -27.62 0.0796 79.52
3 -27.16 0.0789 7079

1 -34.07 0.0896 80.91

Epitope 3 2 -33.42 0.0885 82.88
3 -32.14 0.0865 70.37
1 -47.83 0.1147 118.04

Epitope 4 2 -45.99 0.1110 87.09
3 -45.96 0.1052 105.10

of smear-positive TB patients and healthy people using
Ag38-recombinant from a local strain has been  the dot blot method.*? However, it failed to differentiate
developed at the Laboratory of Biochemistry-Molecular  the saliva of children suspected of having TB from the
Biology, Faculty of Medicine, Universitas Brawijaya.!!  saliva of healthy children.
This protein was successful in differentiating the saliva
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* Green: light chain

Figure 1. Protein data, Immunoglobulin G (A), Immunoglobulin A (B), PstS1 protein (C)

A B

& D

Figure 2. Visualization of the 4 highest predicted epitopes with Chimera 1.17.1, GSKPPSGSPETGAGAGTVATTPASSPV (A),
YLSEGDMAAHK (B), GVSEHLKLNG (C), QGTIKTWDDPQIAALNPGVNLP (D)

PstS1 is an immunodominant epitope 3 which is a
phosphate-binding subunit of M. tuberculosis (ATP-
binding cassette) transporter. It is a glycosylated
lipoprotein that can be found both intracellular and
secreted extracellular. In this study, the Ag-38 protein or
also called PstS1 was shown to be able to trigger the
appearance of 1gG and IgA antibodies, both of which can
recognize epitope complexes from Ag38-rec. The
combination antibodies 1gG and IgM had a stronger
immunoreactivity to PstS1, this suggest that 1gG is more
ideal to bind Pstsl than IgA. PstS1 is a 38-kDa
phosphate-binding periplasmatic protein,
immunodominant marker for ATB * and plays role in
M. tuberculosis immune evasion.® In active infection,
serum antibodies against the M. tuberculosis phosphate
transporter PstS1 are detected.

Bioinformatics predictions of how the PstS1
immunogenic epitope in silico binds to antibodies show
results that may indicate further immunogenicity. It can
thus be used to predict the inherent complexity of the
immune presentation and epitope recognition process.
Accurate prediction of the binding between the ligand
and protein is critical to assisting how the target ligand
interacts with the protein. The selected docking software
application must be promising and provide accurate
results. This requires fast and reliable computational
methods using complex molecular  research
applications.® In this study a comparison will be made
between the binding of immunoglobulin G and
immunoglobulin A to PstS1 in silico. These results will
represent how the prediction of bonding performance
occurs such as sensitivity, specificity, accuracy of 19G
and IgA, so that comparisons between the two can be
known and can be used as the basis for developing a

diagnostic kit saliva-based antigen antibody for M.
tuberculosis.

MATERIALS AND METHODS
Tools and materials

The hardware used in this research were a Windows
10 pro computer with specifications Intel(R) Celeron(R)
CPU N3350 @ 1.10GHz 1.10 GHz, 4.00 GB RAM, 64-
bit operating system, x64-based processor. The software
and website used were Protein Data Bank (PDB)
https://www.rcsb.org/, National Institute of Health
(NCBI) https://www.ncbi.nlm.nih.gov/, Mycobrowser
https://mycobrowser.epfl.ch/, Yet Another Scientific
Artificial Reality Application (Yasara) 2003, Chimera
1.17.1, Immune Epitope Database and Analysis
Resourch (IEDB) with tools prediction B Cell Epitope
method Bepipred Linear Epitope Prediction 2.0
(https://www.iedb.org/), HDOCK
http://hdock.phys.hust.edu.cn/, PDBSum
http://www.ebi.ac.uk/thornton-srv/databases/pdbsum/.
Protein and ligand data

The data used were immunoglobulin G (IgG),
Immunoglobulin A (IgA) and sequence protein of PstS1.
Protein data used a type of protein-ligand docking and the
proteins used were taken from PDB with database 7DM1
for immunoglobulin G and 7k75 for immunoglobulin A.
Immunoglobulin sequence modeling was analyzed using
Yasara. Then the PstS1 sequence was taken from the data
in Mycobrowser, and an analysis of the prediction of the
epitope was carried out using IEDB and visualization of
the epitope with Chimera 1.17.1.
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Figure 3. Modeling of IgG binding with PstS1 Model 1 (A), Model 2 (B) Model 3 (C); Modeling IgA docking with PstS1

Model 1 (D), Model 2 (E), Model 3 (F)

Figure 4. Visual docking of 1gG with 4 highest prediction epitope of PstS1, model 1 1gG with epitope 1(A), model 2 IgG and
epitope 1 (B) model 3 IgG and epitope 1 (C), model 1 1gG and epitope 2 (D), model 2 IgG and epitope 2 (E), model 3 1gG and
epitope 2 (F), model 1 IgG and epitope 3 (G), model 2 1gG and epitope 3 (H), model 3 IgG and epitope 3 (1), model 1 IgG and
epitope 4 (J), model 2 1gG and epitope 4 (K), model 3 1gG and epitope 4 (L)

Docking

Protein-protein docking simulations were carried out
with the aim of observing, exploring, and evaluating as
well as comparing the molecular interactions and affinity
formed between the ligand-protein complexes obtained
previously. The docking software used in this study is

HDOCK and PDBSum. The success of the docking
algorithm in holding the ligand binding pose can be seen
from 3 parameters. The first is the value of the confidence
score or the confident score which also shows the
possibility of bonding 2 molecules.
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Figure 5. Visual docking of IgA with 4 highest prediction epitope of PstS1, model 1 IgA with epitope 1(A), model 2 IgA and
epitope 1 (B) model 3 1gA and epitope 1 (C), model 1 IgA and epitope 2 (D), model 2 IgA and epitope 2 (E), model 3 IgA and
epitope 2 (F), model 1 IgA and epitope 3 (G), model 2 IgA and epitope 3 (H), model 3 IgA and epitope 3 (I), model 1 IgA and
epitope 4 (J), model 2 1gA and epitope 4 (K), model 3 IgA and epitope 4 (L)
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Figure 6. Ramachandran plot docking on IgG with PstS1 protein

A value of 0.7 and above indicates a very high bonding
ability, a value of 0.5 to 0.7 indicates the presence of
moderate strength molecular bonds, and a value below
0.5 indicates a weak bond that may not even occur. The
second is in the form of root-mean-square deviation
(RMSD) between the positions of the heavy atoms of the
ligands observed experimentally and those predicted by
the algorithm. The flexibility system is a major challenge
in finding the correct pose. The number of degrees of
freedom involved in conformational search is a central
aspect that determines search efficiency. Good
performance is usually considered when the RMSD is
less than.” Lastly is the value of the docking energy
score, which is smaller than -200, the binding will be
more likely to occur.

Protein Bond Conformation Analysis

Ramachandran plots were used to visualize the three-
dimensional coordinates of proteins that have been
determined experimentally into internal coordinates and
also visualization of a function, by identifying the plots
of non-glycine residues located in the dihedral corner
disallowed regions. A protein structure is declared good
if the number of residue plots contained in disallowed
regions is less than 0.8%.®

RESULTS

The analysis of the mooring sites of immunoglobulin
G and immunoglobulin A are shown in Figures 1A and
1B. Furthermore, the results of the PstS1 M. tuberculosis
H37Rv sequence analysis from Mycobrowser which has
been visualized with Chimera 1.17.1 are shown in Figure
1C. From the PstS1 sequence, epitopes were predicted
with IEDB and the 4 highest predictions were taken. The

results of the prediction of the epitopes are
GSKPPSGSPETGAGAGTVATTPASSPV,
YLSEGDMAAHK, GVSEHLKLNG, and

QGTIKTWDDPQIAALNPGVNLP. The sequence was
then visualized with Chimera 1.17.1 which is presented
in Figure 2. Docking of 1gG, IgA with PstS1 using the
HDOCK presented in Table 1 and Figure 3. Then binding
was carried out on the 4 highest predicted results of the
PstS1 epitope with 1gG presented in Table 2 and Figure
4. In addition, the 4 highest predictive results for the
PstS1 epitope were also analyzed for IgA binding which
is presented in Table 3 and Figure 5. Finally, the best
modeling results were analyzed using the Ramachandran
plot in Figure 6.
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DISCUSSION

This in silico-based research was carried out with the
aim of observing, exploring, and evaluating the
structural mechanism of action of two molecular
compounds between immunoglobulin, PstS1 protein and
PstS1 epitope, as well as identifying the ability of these
molecules to interact at the active binding site of the
protein. The important stages of this research include the
simulation of ligand-protein docking which forms a
protein-ligand bond between immunoglobulin and PstS1
protein. IgG and IgA immunoglobulin proteins that have
been prepared from PDB data are prepared before
removing water molecules. This preparatory stage aims
to ensure the formation of molecular interactions that are
able to achieve optimal stability in the active binding
sites of the protein during the ligand-protein docking
simulation stage and could increase the accuracy of
docking. °

Docking begins with 1gG and IgA which have been
cut by light chains and heavy chains which are tethered
with PstS1 protein ligands using HDOCK. The value of
the docking energy score is presented, which is smaller
than -200, then the binding will be more likely to occur.
From the results of the comparison between IgG and IgA
the most negative docking energy score was found in
model 1 on 1gG binding with a value of -231.57, which
means that 1gG has a higher binding ability with PstS1
than IgA. Then a confidence score is also presented
which reflects the possibility of 2 molecule bonds. A
value of 0.7 and above indicates a very high bonding
ability, a value of 0.5 to 0.7 is for the presence of
molecular bonds, and a value below 0.5 for a weak bond
may not even occur. From the data that has been
obtained, it is known that 1gG binding has a confidence
score above 0.7 in all 3 models, so 1gG is considered to
have the most likely bond with PstS1. The RMSD value
shows that the second 1gG model has an RMSD value
below 20 or 1.060, which means that the belaying of the
second model on IgG with PstS1 has the highest
probability.

In addition to docking IgG and IgA of protein PstS1,
ligand binding was also performed on the PstS1 epitope
using HDOCK. The tethering uses the 4 selected
epitopes with highest predictions from IEDB based on
the PstS1 M. tuberculosis H37Rv sequence from
Mycobrowser. For each epitope, 3 of the highest binding
results will be taken. In ligand binding between IgG and
the PstS1 epitope, the most likely result is the binding
with the predicted epitope 4 because the results of the
docking score and confidence score were the best, even
though the RMSD (Root mean square deviation) did not
meet the standard. That is, the docking score is above -
200 with a confidence score above 0.7. However, in the
results of the IgA test, all docking results were not in
accordance with the standard, so that docking IgA with
the PstS1 epitope was considered to have less affinity
when compared to 1gG.

The analysis of docking IgG and IgA against PstS1
protein and the epitope, was found that the most probable
model was 1gG belay with PstS1 protein. These results
were then carried out by docking analysis with the help
of PDBsum. The Ramachandran plot is used to visualize
the three-dimensional coordinates of proteins that have
been determined experimentally into internal

coordinates. The internal coordinates consist of the
dihedral angle @ (phi) as the x-axis and the y (psi) angle
as the y-axis of the amino acid residues of the protein
structure. Mathematically, the Ramachandran plot is a
visualization of a function, by identifying the plot of non-
glycine residues located in dihedral regions that are
disallowed (disallowed regions). A protein structure is
declared good if the number of residue plots contained in
disallowed regions is less than 0.8%.2° The evaluation on
IgG with PstS1 protein has a good protein structure, if
from the plot the residues found in disallowed regions are
less than 0.8%, namely 0.5%. Structures with good
quality are expected to have more than 90% residue in the
most favored regions with G-factors above -0.5. Values
below -0.5 unusual and values below -1.0 highly unusual.
The results of this test show that the value of the most
favored regions is 90.5% with a G-factor of -0.27. So that
the structural quality of the 3D anchorage model can be
said to be good because it fulfills the ideal structure
requirements, namely having a residue distribution of
more than 90% in the most favored regions, having little
residue in the disallowed regions and having an overall
G-Factors value above - 0.5. From this result, 1gG have
more ideal binding to Pstsl as in study in vivo results
performed exclusively in mice revealed that PstS1
antigen is a good inducer of antigen-specific Ab
responses. In addition, in mice immunized with PstS1,
adjuvant LTK63 could increase the production of anti-
PstS1 Ab and induce production CD**, CD®" memory T
cells, also amplifies secretion of IFN-y and IL-22 and IL-
17 production by effector memory cells in an Ag-
unrelated manner in vitro and in vivo 2. The other study,
show that Psts1 glycoprotein was significantly lower in
IgA than 1gG for detecting bovine TB, although there is
no significant difference. But in that study still support
feasibility using IgA and suggested an approach using
tests for IgA and IgG antibodies could improve detection
accuracy. 22 The limitation of this research is that it does
not know the specific amino acid bonds between proteins.

CONCLUSION

The docking of IgG and IgA against Pstsl protein
showed that the most likely and ideal binding was 1gG.
The structural quality of the 1gG and Psts1 anchorage 3D
models met the ideal anchorage requirements. This
shows that 1gG is more ideal as a basis sero-diagnostic
for diagnostic kit saliva based antigen antibody for M.
tuberculosis.
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History Background: Prolonged hyperglycaemia can make the pancreatic beta cells work
Received: 26 Jul 2023 harder and cause fatigue. When this happens, it can trigger oxidative stress reactions,
Accepted: 07 Dec 2023 which can produce free radical compounds that can damage pancreatic beta cells. The
Available: 31 Dec 2023 body compensates by activating protective mechanisms such as the production of

antioxidant compounds to reduce the levels of free radicals in the cells. One such
compound is glutathione (GSH). Insulin Gaussia Luciferase (iGL) cells are a cell line
derived from rat pancreatic beta cells. These cells can be used as a model of oxidative
stress in hyperglycaemia to measure GSH levels and there are no studies using iGL
cells to measure GSH levels. Therefore, in this study, the iGL cells are used as the
object of research. The reason for using serial plasma GSH measurements is to
determine gradual differences in changes in GSH levels and to provide variations and
new data for further GSH research.

Objective: To investigate the effect of GSH levels on glucose toxicity condition
through in vitro experiments on iGL cells.

Methods: The study used 5 different glucose concentrations of 11, 16.5, 22, 33, and 44
mM with the addition of iGL cell growth medium exposed for 7 days. We measured the
amount of intracellular GSH using a colourimetric method (MBS, 2540412) at a
wavelength of 405 nm with microplate reader (AMR-100 Allsheng). The analysis used
in this study was a one-way ANOVA test. Differences between groups were tested using
SPSS.

Results: The results of this study showed that there was an increasing trend in total
GSH levels on the third and seventh day. with the average increase on third day being
20.16 nmol and the average increase on seventh day being 19.58 nmol.

Conclusion: In this study it can be concluded that there was a trend of increasing
GSHi/cell levels on the first day of observation because the cells were trying to maintain
their homeostasis in hyperglycemia conditions. on the third and seventh days the cells
experienced a decrease which was thought to be due to glucotoxicity, so that giving
high glucose levels had an effect on decreasing GSH.

Keywords: Colorimetric method; GSH; Hyperglycaemia; iGL cells; Oxidative stress
Permalink/ DOI: https://doi.org/10.14710/jbtr.v9i3.19644

INTRODUCTION
In everyday life, people have a high risk of being  cause the beta cells to work very hard and lead to

exposed to glucose through the consumption of foods  fatigue. So, it can cause dysfunction in the beta cells

with a high glucose content. This makes people  of the pancreas.'”

susceptible to hyperglycaemia (high blood sugar). When

this happens, the body tries to lower blood glucose levels ~ *Corresponding author:
by releasing insulin from the beta cells of the pancreas. E-mail: endin_stujanna@uhamka.ac.id
Excess glucose in the blood, which continues to rise, can (Endin Nokik Stujanna)
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When this condition occurs continuously, it induces
oxidative stress reactions that can produce free radicals
through  glucose  autoxidation  and  protein
glycosylation.’® Reactive oxygen species (ROS) have
the potential to cause dysfunction in affected organs
through cell damage and lead to cell apoptosis.’* In
addition to beta-cell fatigue, chronic oxidative stress can
cause dysfunction in affected organs. Oxidative stress is
also one of the factors leading to decreased intracellular
production of insulin biosynthesis due to suppression of
pancreatic-duodenal homeobox-1 (PDX-1) gene
expression.® Thus, the amount of production secreted
into the extracellular space is also decreased.4 The
human body can fall into the condition of diabetes
mellitus. According to the International Diabetes
Federation (IDF), in 2019 there will be an estimated 463
million people aged 20-79 years with a prevalence of
9.3% of the total population of the same age.>® It is
estimated that with increasing age, the prevalence will
increase by 19.9% or 111.2 million people aged 65-79
years, and it is even estimated that by 2030 it will be 578
million people. In the South-East Asian region,
Indonesia is the third most affected country with a
prevalence of 11.3%. Diabetes is the most common
chronic disease causing death. It can lead to
microvascular and macrovascular complications.'52°

Therefore, the body compensates by activating
the body's defence mechanisms by producing
antioxidants. One of these antioxidants is glutathione
(GSH), which has the function of maintaining the
balance between pro-oxidants and anti-oxidants.® In this
study, insulin gaussia luciferase (iGL) cells were used.
These cells are a subset of cells from the beta cells of the
rat pancreas.®'® iGL cells have the properties of the
Gaussia luciferase protein, which acts as a measure of
insulin secretion in a fluorescent state and can be
visualised in 2 and 3 dimensions.*® In addition, these
cells can be used to model oxidative stress conditions
when exposed to high glucose. This is the reason why
we used this cell. It is still very rare for this cell to be
used in research, so the data from this research can be
used as a reference for further research. The reason for
using serial plasma GSH measurements is to determine
gradual differences in changes in GSH levels and to
provide variations and new data for further GSH
research.

MATERIALS AND METHODS
1. Cell culture

The cells used are Insulin Gaussia Luciferase (iGL)
cells derived from rat pancreatic beta cells (Cosmo Bio
Co., 2020).3° iGL cells are cultured in RPMI 1640
medium incubated at 37°C with 5% CO,. RPMI 1640
(Gibco) consists of L-glutamine, phenol red and
HEPES.18 Additives were added in the form of 5% FBS,
1 mM pyruvic acid, 500 pM monothiolglycerol and 200
pg/mL G-148. Before culturing the cells in the medium,
the cells were thawed in a water bath for two minutes.
Then 1 mL of medium was added to the cryotube. The
cells were immediately transferred to a 15 mL tube
(Corning, 430791 USA) and 10 mL of medium was
added. The cells were centrifuged at 300 G for five
minutes and the supernatant discarded until cell pellets
were visible. 1 mL of media suspension was prepared

from the cells and the number of cells was counted
using an automated cell counter (LUNA Automated
Cell Counter, Logos Biosystem, South Korea). 8.5 x
10° cells were plated in a 100 x 20 mm Petri dish
(Corning, 430167 USA). The cultured cells should be
replaced on the third or fourth day. Cells that have
reached 80-90% confluence can be passaged.

The first thing that has to be done in the cell
passaging process is the submersion of the cell media.
Cells were rinsed with sterile PBS (Gibco, 181912014
USA). Cells were treated with 0.05% trypsin-EDTA
(Gibco, 25300054 USA) at 1:10 and incubated at 37°C
for two minutes. Immediately after incubation, 10 mL
of medium was added to deactivate the trypsin. Cells
removed from the plate are transferred to a 15 mL
tube, the cells are centrifuged and the supernatant
discarded. Cells used as suspensions were counted
using an automatic cell counter. Cells of 8.5 x 10° were
resuspended in new 100 x 20 mm petridishes.

2. Addition of glucose to the culture medium

At this stage, the treatment process was carried out
by adding a glucose solution to the RPMI 1640
medium. The RPMI 1640 medium was used as the
control medium because it contained 11 mM glucose.
The glucose solutions to be prepared were 16.5 mM,
22 mM, 33 mM and 44 mM. The glucose (Sigma,
24895335 USA) required is 19.8, 79.2, 118.2 and 39.6
mg by weighing on an analytical balance. The glucose
which has been weighed is then dissolved in 15 ml of
medium in a 15 ml tube (Corning, 430829 USA).

3. Colorimetric method for measuring GSH levels

The GSH Colorimetric Assay Kit (MBS,
2540412) was used to measure GSH production. A
microplate reader with a wavelength of 405 nm is
used for this method. The harvested iGL cells were
then rinsed with 0.1 M PBS (Gibco, 181912014
USA); pH 7.4 as much as 0.3 to 0.5 mL. Cells were
disrupted by sonicating or grinding by hand in an
ice-water bath. Take 0,1 mL of the disrupted cells
and add 0,1 mL of Reagent 1 solution. Centrifuge
the cells for ten minutes and collect the supernatant
for measurement. Prepare the standard solution by
dissolving 1 mmol/L GSH standard solution in
GSH standard diluent. Standards are prepared in
series and then added to the standard wells. Add the
supernatant to be measured to the sample well.
Allow the evenly mixed wells to stand for five
minutes at room temperature. The results of the OD
values are plotted on the standard curve and used to
calculate the GSH levels.®

Analysis of Statics

Each experiment was performed in triplicate.
Software used to analyse normally distributed data,
expressed as the standard deviation of the mean
(version 19.0; IBM, Chicago, IL, USA). One-way
ANOVA analysis was used for group comparisons.
A statistically significant difference was defined as
p <0.05.
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Table 1. iGL/GSH cell data for each day of observation

Days 1 Days 3 Days 7
Concentrat
ion GSH GSH/C cells GSH total GSH/C cells GSH GSH/C
cells total ells (nmol) ells total ells
(nmol) (nmol) (nmol) (umol)  (nmol)
11 mM 257.333 17 0,066  468.000 18,5 0,039 1.553.333 21,9 0,014
16,5 mM 125.000 15,1 0,12 508.333 23,8 0,046 2.000.000 20,7 0,010
22 mM 59.767 15 0,25 391.667 214 0,054 956.000 18,2 0,019
33mM 41.800 14,2 0,339 232.000 19 0,081 625.667 17,3 0,027
44 mM 41.800 17,2 0,411 139.000 17,9 0,128 1.103.333 19,8 0,017
Cell lysate GSH
30
Ml Cell Lysate Day1
c
3 L I 3 Cell Lysate Day 3
o
£ 20 _ I . mEm Cell lysate Day 7
:éj
©
£
3 10
o
(73]
L)
0- T T 17T 11
SO S DA
O O O

Figure 1. iGL cell lysate GSH level at variouse state of high glucose induction (44, 33, 22, 16,5 and 11mM as control)

related times to incubation (1, 3, and 7 days)

RESULTS
Data of total GSH on iGL lysate cells at each
concentration

The results of measuring total GSH levels by the
colourimetric method showed that there were no
significant differences between the groups on a daily
basis (p>0.05). These results are shown in Figure 1.
However, these data show that there is an increasing
trend on the third and seventh day. Table 1 is a
description of the value of the results from Figure 1 and
Figure 2, where in Figure 2 is the result of the conversion
from pmol to nmol.

Data of GSH/Cell on iGL lysate cells at each
concentration

The GSH/Cell value was also obtained from a more
detailed analysis by comparing the number of cells with
the total GSH content for each concentration. It was then
observed in Figure 2 that there was an increasing trend
in GSH/Cell levels on the first day when high
concentrations of glucose were administered. Then,
there was a decreasing trend in GSH/Cell levels each day
after exposure to high glucose concentrations for seven
days.
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Figure 2. Graph of Cell Lysate GSH/Cells Measurements
in iGL Cells by Comparing the Same on Different Days

DISCUSSION

Observations on the first day showed that iGL cells
were trying to maintain homeostasis by increasing
GSH levels. The response of beta cells to acute
changes in extracellular glucose is to secrete insulin.
High levels of extracellular glucose will increase
glucose metabolism in cells. As a result, levels of
reactive oxygen species (ROS) increase, advanced
glycosylation (AGEs), activation of protein kinase C
(PKC), also increase, polyol pathway activity also
increases. Hexosamine metabolism and angiotensin |1
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production are also increased. Hyperglycemia stimulates
insulin biosynthesis up to 50-fold in pancreatic beta
cells. During this process, three disulfide bonds are
formed per insulin molecule, causing the release of
millions of ROS molecules per minute or free radicals to
increase.

This is because the increase in ROS levels in the cell
stimulates the activation of Nrf2 transcription. The Nrf2
protein is a regulator that plays a role in cell defence
against oxidants.®> Nrf2 will regulate the basal and
induced expression of a number of genes that play a role
in the antioxidant response. ROS will oxidise cysteine,
then Nrf2 will phosphorylate serine 40 (ser40) with the
help of PKC and then translocate to the nucleus. In this
state, Nrf2 forms a complex with the small protein Maf
and binds to the antioxidant response element (ARE)
located in the regulatory region of the Nrf2 target gene.!

Nrf2 regulates more than 100 different genes
involved in oxidative stress and cell survival. One of
these functions is to control the expression of genes
responsible for replenishing the cytosolic pool of
NADPH, which is used as a reducing agent to maintain
and regenerate cellular detoxification systems and
antioxidant defences such as glutathione.* The regulated
gene expression is glucose-6-phosphate dehydrogenase
from the pentose phosphate pathway (hexose
monophosphate shunt). One of the main products
produced by this pathway is NADPH (nicotinamide
adenine dinucleotide phosphate), which is a reduced
form of NADPH.*® Then NADPH is used as a cofactor
by glutathione reductase to reduce oxidized glutathione
(GSSG = 2 GSH).1319 After that, the reduced GSH will
react with ROS compounds and GSH will be oxidized
again to GSSG to reduce intracellular ROS levels, this
recycling cycle depends on NADPH.

There is increasing evidence that activation of the
Nrf2 pathway during hyperglycaemia and ROS
generation is essential for the protection and
maintenance of functional B (beta) cell mass. Nrf2 will
promote macro-autophagy as an additional {3 (beta) cell
defence mechanism by increasing p(beta) cell
proliferation. When iGL cells were further exposed to
high concentrations of glucose, there was a downward
trend because iGL cells had entered a state of
glucotoxicity.7 This is evidenced by a decrease in
antioxidant capacity in hyperglycaemia. A decrease in
antioxidant levels can stimulate apoptosis in beta cells
through the intrinsic pathway. This stress signal can lead
to the activation of the proapoptotic proteins BAK and
BAX, which are part of the BCL-2 protein family.*

These two proteins mediate mitochondrial outer
membrane permeability by forming pores in the
mitochondrial outer membrane, and oxidative stress can
increase the opening of the mitochondrial permeability
transition (MPTP) pores. Prolonged exposure to mPTP
can induce cell death by increasing oxidative stress
leading to ATP depletion and/or by inducing matrix
swelling and subsequent rupture of the mitochondrial
outer membrane. Apoptotic molecules such as apoptosis
inducing factor (AIF), SMAC/DIABLO or cytochrome
c are released during the permeabilization process.*

CONCLUSION

This study concluded that administering high
glucose concentrations over a period of 7 days resulted
in an increasing trend in GSH/cell levels on the first
day of observation. This condition is to maintain
homeostasis in acute hyperglycemia. On days 3 to 7 of
observation, GSH/cell levels decreased. This
condition is thought to be due to glucotoxicity
occurring due to a decrease in antioxidants. Giving
high glucose has an effect on reducing GSH levels.
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Abstract

Background: Psoriasis is an immunologic-mediated disease affected by genetic
factors that may affect the skin, joints, and cardiovascular system. Some biological
agents have been developed and approved by FDA (Food and Drug Administration)
to treat psoriasis. One of these biological agents is Secukinumab, a fully human IgG1lx
anti-interleukin-17A(IL-17A) monoclonal antibody.

Case Presentation: A seventeen-year-old female teenager came to
Dermatovenerology Clinic with scaly patches in the forehead and hairline around ten
months ago with a history of repeat Corticosteroid, DMARDs (Disease-Modifying
Antirheumatic Drugs), and biologic agent treatment, that was Secukinumab injection.
Dermatology examination showed erythema, plaque, and scale in head and extremities
with PASI (Psoriasis Area and Severity Index) score of 1.2. The patient was treated
with initial and maintenance doses of Secukinumab Injection. After these initial and
two maintenance doses, the patient showed a significant clinical improvement by
fading off the erythema, plaque, and scale.

Conclusion: It can be concluded that the recalcitrant administration of Secukinumab
in Psoriasis patients may decrease the treatment response.
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INTRODUCTION

Psoriasis was known more than 2000 years ago by
Hippocrates as psoriasis, which was come from psora
and lepra. Later, psoriasis was described by Ferdinand
von Hebra in 1841 as a specialized skin disease.
However, recently psoriasis has been defined as an
immunologic-mediated disease that is affected by some
genetic factors that may affect the skin, joints, and
cardiovascular system. Skin clinical presentation of
psoriasis is characterized by skin inflammation and
epidermal hyperplasia.’?

The prevalence of this disease is different over the
world. However, this disease has a lower prevalence rate
in Asians. Parisi et al. (2013) reported that the psoriasis
prevalence varies in different populations, ranging from
0.91% in the United States to 8.5% in Norway. On the
other hand, Bu et al. (2022) also reported that the
prevalence of psoriasis ranged from 0.33-0.6% in
different races and affected around 125 million people

worldwide. However, psoriasis affects males and females
equally.23#

The epidemiology data for psoriasis in Indonesia is
limited. However, a study has been performed in ten
different hospitals in Indonesia to investigate the
prevalence of psoriasis. This study was performed from
1996-1998 and reported that the prevalence rate of
psoriasis in 1996, 1997, and 1998 were 0.62%, 0.59%,
and 0.92%, respectively. On the other hand, psoriasis also
increases annually with a remission rate of 17-55% in
various duration.!

Psoriasis has been classified as a multifactorial
disease with various clinical presentations caused by
uncontrolled keratinocyte proliferation and excessive
inflammatory mediator production.

*Corresponding author:
E-mail: suhartomi@unprimdn.ac.id
(Suhartomi)
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Table 1. PASI (Psoriasis Area and Severity Index) Score System

Skin Rash Scoring

Score 0 1 2 3 4 5 6
Erythema Very

Induration None Mild Moderate Severe Severe - -
Desquamation

True Area (%) 0 1-9 10-29 30-49 50-69 70-89 90-100
Percentage Area Score

Affected Body Area Score

Head (H) 0.1

Upper Limbs (UL) 0.2

Trunk (T) 0.3

Lower Limbs (LL) 0.4

Figure 1. Initial Skin Lesions (Before Initial Dosage of Secukinumab Injection) in (A) Posterior Hairline, (B) Anterior

Hairline, (C) Cubital Facies, (D) and (E) Left and Right Cruris

However, the recent postulate believes that the
crucial role of psoriasis immunopathogenesis is either
CDA4+ or CD8+ T Cells. According to psoriasis immuno-
pathogenesis, many drugs have been developed to
improve the clinical presentation and quality of life in
psoriasis patients.>®

PERDOSKI (Perhimpunan Dokter Spesialis Kulit
dan Kelamin Indonesia) recently recommended some
drugs of choice for psoriasis, including topical,
phototherapy, systemic medications, and biological
agent. The topical therapy includes emollient,
corticosteroid, keratolytic, retinoid, Vitamin D analogue,
and tar. Phototherapy uses some types of ultraviolet,
including Ultraviolet B broadband (BB-UVB), UVB

narrowband (NB-UVB), and Ultraviolet A (UVA).
Meanwhile, the systemic therapy consisted of
methotrexate (MTX), cyclosporine, retinoid, some
derivates of mofetil mycophenolate, and sulfasalazine.
The last is biologic agents, which can be found in
Indonesia as Etarnecept, Ustekinumab, Adalimumab,
Infliximab, and Secukinumab.®

Some biological agents have targeted some
inflammatory  mediators, which terminates the
inflammation cascade. One of these biological agents is
Secukinumab, a fully human IgG1xk anti-interleukin-17A
monoclonal antibody. FDA has approved this drug since
2015. However, adherence and persistence to biological
agents for psoriasis diseases are still challenging.
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Piragine et al. (2022) reported that the adherence and
persistence to biological drugs for psoriasis were 61%
(95% CI: 48%-73%) and 63% (95% CI: 57%-68%),
respectively. Specifically, Piragine et al. also reported
that adherence and persistence to Secukinumab were
52% (95% CI: 35%-68%) and 72% (95% CI: 58%-84%),
respectively. Another study performed by Huang et al.
(2022) also reported that Secukinumab persistence rates
in Taiwan were high in the first years of the treatment
period and reduced significantly in the second year,
which was in contrast to other biologic agents like
Ustekinumab, Etanercept, and Adalimumab. Huang et
al. (2022) reported that the persistence rate of
Secukinumab for psoriasis treatment with a 90-days and
45-days treatment gap was 96.2% (95% CI: 90.7%-
100%) and 94.2% (95% CI: 87.7%-100%), respectively.
However, the number of patients included in the second
year for Secukinumab was very low. Thus the analysis
could not be performed.>’ Based on these data, it
becomes important to report the effect of non-adherence
or recalcitrant biologic agent administration, especially
Secukinumab. This case report was presented herein to
reveal the impact of recalcitrant Secukinumab
administration on psoriasis treatment.

CASE REPORTS

A Seventeen female teenager came to a
Dermatovenerology Clinic of a Private Hospital in
Medan, North Sumatera, Indonesia, complaining of
scaly patches in the forehead and hairline around ten
months ago with a history of repeat Corticosteroid,

DMARDs, and biologic agent treatment, that was
Secukinumab Injection. There is no family history of
similar diseases.

The patient had been diagnosed with psoriasis for
seven years and treated with either topical or oral
corticosteroid for around two years since the patient was
diagnosed, then she did not show any improvement until
a few months later. Due to this reason, the patient’s
treatment was switched to a DMARDs drug that was
MTX for two years, and every two months patient
underwent routine blood count. The patient showed good
clinical improvement against the MTX treatment.
Unfortunately, the patients also had the MTX side
effects, including appetite loss, hair fall, and severe
weight loss after two years of MTX treatment. After that,
the patient was suggested to receive a biological agent,
Secukinumab. This patient showed a significant clinical
improvement after two doses of the initial Secukinumab
injection (Fraizeron™). However, she lost follow-up
after she finished the initial dosage (Five doses). Hence,
she did not receive any maintenance doses.

Dermatology examination showed erythema on the
hairline, unilateral cubital facies, and both cruris, plaque
on the hairline and unilateral cubital facies, and the last
desquamation on the hairline and unilateral cubital facies.
This efflorescent of the patient skin can be seen in Figure
1, and the PASI score of this patient was 1.2. Meanwhile,
the PASI score system was described in Table 1.

The patient was planned to treat again with the
Secukinumab injection. Before the patient received the
Secukinumab injection, she underwent some

Figure 2. Skin Lesions Before First Maintenance Dose of Secukinumab Injection in (A) Posterior Hairline, (B) Anterior

Hairline, (C) Cubital Facies, (D) and (E) Left and Right Cruris
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investigation, including full blood count, liver function
test, renal function test, randomized blood glucose level,
SARS COVID-19 Isothermal Molecular PCR test, IFN-
Gamma Release Assay, Electrolytes, and Anti-HCV test.
These tests did not show any abnormalities. According
to this investigation, the patient was safe to treat again
with Secukinumab (Fraizeron™) injection.

This patient received some doses of Secukinumab
(Fraizeron™) injection based on the manufacturer’s
instruction, including initial and maintenance doses. The
patient received an initial dose of Secukinumab 300 mg
via subcutaneous injection for five doses, including the
first visit and every week for a month (first to fourth
weeks). Afterwards, the patient received the
Secukinumab 300 mg injection via subcutaneous
injection as the maintenance dosage in the eighth week
and then once every four weeks. After first maintenance
dosage, the patient was lost to follow-up for the second
maintenance dosage. At the last maintenance injection,
the patient showed a significant clinical improvement,
that was decribed in Figure 2. This clinical improvement
rate decreased compared to the last year of Secukinumab
injection. The patient showed a significant clinical
improvement after the second dose of the initial dose at
the last secukinumab injection period.

DISCUSSION

The essential role in the immunopathogenesis of
psoriasis is T Cells. The best characterized T Cells in
psoriatic lesions are CD4+ and CD8+ with the
phenotype memory phenotype (CD45R0O™). These cells
express cutaneous lymphocyte antigen, a ligand for E
Selectin (selectively expressed in skin capillaries).
Psoriatic lesion seems to enrich interferon- y (IFN- y)
produced by T Helper (Th1). Then, IFN- y amplifies the
dendritic cells to produce Interleukin (IL)-23, which
maintains and expands a subset of CD4+ cells (Th17 and
Th22). The production of IL-17 and IL-22 characterizes
Th17 and Th22. On the other hand, the activated T Cells
and Dendritic cells also produce TNF-a. Then, the IL-
17, TNF-a, IFN- vy, and IL-22 synergistically promote
the activation of innate keratinocyte defence to produce
various antimicrobial substances, other cytokines, and
chemokines that amplify the last immune responses.*?

Notably, the majority of biological agents with high
therapeutic efficacy in psoriasis only target some axes
like IL-12-Thl and IL-23-Thl7 axes.? PERDOSKI
(2017) reported that some biological agents could be
found in Indonesia, including Etanercept, Ustekinumab,
Adalimumab, Infliximab, and Secukinumab. Etanercept,
Adalimumab, and Infliximab are a group of Monoclonal
Antibodies that act as Anti-TNF-a monoclonal
antibodies. Etanercept is a dimeric fusion protein
composed of human 1gG1 with the constant region that
may fuse to either TNF-o or TNF-B receptors.
Meanwhile, the adalimumab is a complete 1gG1 that
blocks TNF-a with the TNF receptor on the cell surface,
but the adalimumab does not bind to TNF-B. On the
other hand, Infliximab is a human-mouse chimeric 1gG
1 monoclonal antibody possessing human constant (Fc)
regions and murine variable regions with the same anti-
TNF-a activity as adalimumab and etanercept. However,
Etarnacepts’ hal-life is shorter than these agents due to
its physical form (fusion protein). Other biologic agents

that can be found in Indonesia are Ustekinumab and
Secukinumab. Both agents act as anti-Interleukin
Monoclonal Antibodies. The ustekinumab is a human
1gG1 monoclonal antibody that binds to the p40 subunit
of IL-12 and IL-23 cytokines. Furthermore, these
blockages inhibit receptor-mediated signalling in
lymphocytes.® Secukinumab is a fully human IgG 1k anti-
interleukin-17A  monoclonal antibody that FDA
approved in 2015. The current case report used
Secukinumab as the biological agent to block the IL-17
activity, preventing T Cells Subset’s expansion (Th17).
It prevents innate keratinocyte defence from producing
various antimicrobial substances, other cytokines, and
chemokines.?8

The administration of Secukinumab in the current
case report was based on the indication recommended by
the local Dermato-Venerology Association
(PERDOSKI). PERDOSKI (2017), recommended some
indications of biological agent administration for
psoriasis treatment. One of these indications is a special
consideration in mild psoriasis patients with extensive
area on the face that is not responsible for topical
treatment, visible location, and any regions that are not
unresponsible for topical treatment. In this case report,
psoriasis involved the face area that did not respond to
topical therapy; thus, the patient was indicated to receive
the biologic agent (Secukinumab).®

This case report reported that this patient reduced
response against the Secukinumab injection. Some
hypotheses have been postulated to explain the
mechanism of Secukinumab resistance. Berman et al.
(2021) believed that the structure of Secukinumab has a
lower affinity than another 1L-17 monoclonal antibody;
hence Secukinumab has a lower equilibrium dissociation
constant (Kd) than other IL-17 monoclonal antibodies,
allowing a higher potential for IL-17A blockade. Another
possible hypothesis is the presence of neutralizing anti-
drug antibodies to Secukinumab. Deodhar et al. (2020)
reported that Secukinumab has a low incidence of
immunogenicity (<1%) within a 52-days weeks course in
Psoriatic arthritis and ankylosing spondylitis. Moreover,
Deodhar et al. (2020) explained that anti-drug antibodies
to Secukinumab may be due to the B cell activation and
regulation. However, it remains a theoretical possibility
that requires future studies. Although Secukinumab is a
fully human antibody, it is still possible that the presence
of potential epitopes. It formed within the highly diverse
amino acid composition of the complementarity-
determining regions (CDRs) of immunoglobulin G (1gG)
molecules, the loss of tolerance to self-sequences, and
product-specific attributes, such as dosing frequency,
dose amount, administration route, and formulation
factors such as impurities, host cell proteins, and the
tendency to aggregate. A recent study by Reich et al.
(2022) reported a similar result as Deodhar (2019). Reich
et al. (2022) reported that Secukinumab consistently had
low immunogenicity for up to 5 years in moderate-severe
psoriasis. However, Reich et al. (2022) concluded that the
administration of Secukinumab with low
immunogenicity in moderate-severe psoriasis did not
affect the efficacy, safety, or pharmacokinetics of this
drug.91011

Many studies showed various possible hypotheses
about the efficacy of Secukinumab. Amschler et al.
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(2020) do not agree with the presence of anti-drug
antibodies against Secukinumab, which appear not to be
relevant as a possible explanation for treatment failure to
Secukinumab. Amschler et al. also reported an in-line
result to Berman et al. that the affinity of IL-17A also
affects the secukinumab resistance, which has 50-100
times lower in vitro affinity than the ixekizumab.
Moreover, Amschler et al. also explained that their study
has limited data on this hypothesis.®*2

The patients with mild psoriasis have received an
uncompleted dose of Secukinumab. This case report
showed the potential mechanism of anti-drug antibody
formation. It potentially induces the acquired immune
system to eliminate Secukinumab as the low
immunogenicity foreign protein. Moreover, this protein
with potential epitopes can activate or regulate the B
Cells as part of the acquired immune system to produce
anti-drug antibodies. However, this case report has
limited data to explain this hypothesis, so further study
is required to support this hypothesis.

CONCLUSION

This case report can be concluded that the
recalcitrant administration of Secukinumab in Psoriasis
patients may decrease the treatment response. This
patient revealed a reduced treatment response against the
Secukinumab in every course, and in the last course, the
patient also showed a significant decrease in treatment
response against the Secukinumab. This condition may
occur due to either a lower equilibrium dissociation
constant of Secukinumab or the formation of anti-drug
antibodies against the Secukinumab. This case report
showed the importance of adherence and persistence of
a biologic agent administration in a clinical setting,
especially in psoriasis.
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Abstract

Studies involving experimental animals to explore the pathogenesis of Systemic Lupus
Erythematosus (SLE) which leads to the selection of optimal therapy have been widely
conducted. The well-known model used to study SLE includes the pristane-induced
mouse model and the more recently developed humanized mouse model that implants
human immune cells into immunodeficient mice. The current state of the research has
yet to provide a systematic review that analyzes both model and its contribution to our
understanding of SLE pathogenesis. This systematic review-based study aims to
provide a comprehensive overview of the development and application of pristane-
induced and humanized mouse models. We obtained several relevant article sources
include: (1) Search Strategy, on databases such as PubMed, MEDLINE,
ScienceDirect, and Cochrane by adjusting the protocols listed in the Preferred
Reporting Items for Systematic Reviews and Meta-analyses (PRISMA); (2) Eligibility
based on exclusion and inclusion criteria; and (3) Data Extraction. The findings show
that 30 articles are relevant to the subject matter. Several strains of mice were used in
the model of the 0.5 pristane injection method and the humanized mice model. All
studies showed similar patterns in the onset and manifestation of SLE in mice models
with slight variations. The purpose of using the pristane injection method and
humanized mice model is adjusted to the output of each study. A variety of research
preferences can be used as a reason for choosing pristane and humanized cells
transplanted methods in making SLE model mice.

Keywords: animal models; humanized-mice; pristane; systemic lupus erythematosus
(SLE)
Permalink/ DOI: https://doi.org/10.14710/jbtr.v9i3.19147

INTRODUCTION

Systemic lupus erythematosus (SLE) is a complex
autoimmune disease that affects millions of people
worldwide. Despite extensive research efforts, the
pathogenesis of SLE remains poorly understood, leading
to suboptimal therapy.! The use of animal models plays
an important role in advancing the understanding of
SLE. Many different models have been developed to
study the immune dysregulation and multi-organ
involvement that characterize the disease.? Animal
models of SLE can generally be categorized into
spontaneous models, transgenic knockout models,
induced models, and humanized mouse models.? The

focus of each study determines the choice of animal
model used. Spontaneous and transgenic models are
often used and although they show satisfactory results,
they have limitations due to specific SLE manifestations
and limited genetic factors.

Spontaneous lupus mice models often do not capture
the entire complexity of the disease, including the
involvement of specific organs or tissues such as only the
kidney. humanized-mice method on creating SLE mice
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Figure 1 PRISMA flow diagram. There were a total of 1058 articles reviewed from keywords, abstracts, and methods used in
research. The types of journals used were original article research and review with a range of years 2013-2023. Based on the
flowchart diagram, a final total of 30 articles were included in the review.

Since SLE in humans is not only caused by a single
genetic factor but also by the effects of environmental
exposures,? the induced mouse model was chosen as an
alternative. The most commonly used induced mouse
model is pristane that represents environmental factors.
Pristane is an isopropanol alkaloid that is injected into
mice to induce the development of SLE-like symptoms,
including autoantibody production, immune complex
deposition, and glomerulonephritis.3* Pristane-induced
models have been used to study the role of T and B cells
in SLE development and environmental factors in
disease susceptibility.>? This method has advantages
over other methods as an option because of its
practicality and the emergence of a more complex
spectrum of SLE disease manifestations in different
organ systems. Meanwhile, humanized mouse models
have also recently been developed by transplanting
human immune cells into immunodeficient mice.>®
These models provide an opportunity to study the human
immune system in vivo and have the potential to advance
our understanding of the pathogenesis of SLE,
particularly those that are similar to, or close to, the
pathogenesis in patients with the disease. This model has
also been used to study the role of different immune cell
subsets in the development of SLE and to test the
efficacy of new therapies.”® Based on these reasons, this

article selects pristane-induced and lupus-induced lupus
mice, in addition to both methods having advantages over
other methods. Such advantages are relevance to human
disease, mimicry of environmental factors, suitability for
studying neuropsychiatric lupus, ideal lupus mouse
model. The problem with the current state of research is
that there is no systematic comprehensive review that
analyzes the strengths and limitations of each model,
which is important to explore between humanized mice
and pristane injection methods. In addition, there is still
little information to verify the method of humanizing
mice as the use of the method to generate SLE mouse
models increases and its contribution to our
understanding of generating animal models of lupus
associated with SLE pathogenesis.

A systematic review would be very useful for
researchers in lupus. It would help to guide future
investigations and identify potential areas of research that
could lead to new therapeutic targets using animal
models. This systematic review aims to take a closer look
at the existing studies and provide a comprehensive
overview of the development and use of pristane-induced
mice and humanized mouse models of lupus in SLE
research.
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Table 1. Summary of results based on the study of research methods in intervening mice to become SLE.

Author and Animal Method of Induction Research
Year of Models of Lupus Objective Result
Publication )
Aschman et (N=10) 0.5 ml i.p. pristane
al., (2021) Type 11 injection
IFN
receptor-
deficient Research Result
mice Objective
(Ifnlr1-/-)
and (N=
10) wild-
type mice
Delimitreva  (N=10) 0.5 ml i.p. pristane To investigate Ifnirl -/- mice showed a decrease in
etal, (2021) Female injection the function of  the number of lipogranulomas, the
Balb/c (4 type I IFN in  number of antibody-secreting cells
weeks) SLE (not significant), natural killer (NK)
cells in the kidney, and B cells in the
spleen, as well as an increase in
survival rate and peripheral
CD115+Ly6C+ monocytes
compared to wild type mice.
Intraperitoneal injections of pristane
could show a result in local chronic
inflammation and the formation of
lipogranulomas.
Demaetal., (N=12) 0.5 ml i.p. pristane To investigate Decreased activation and apoptosis
(2017) Female injection the effect of of T cells, decreased apoptosis of B
C57/BL/6 SLE on the cells, increased number of plasma
mice with oocyte cells secreting 1gG anti-dsDNA
diphtheria maturation antibodies, increased levels of 1gG,
toxin- process IFN-y, and IL10, the onset of
induced proteinuria, increased mesangial
basophil proliferation in the glomeruli. Mice
depletion with induced lupus exhibited low
and MAR- egg maturation rate
1
Gunawanet  (N=61) fetal haematopoetic Analyzing the  After pristane injection, basophils
al., (2017) NOD scid  stem cell (HSC) contribution of  were activated and accumulated in
gamma transplantation basophil cells SLOs to promote autoantibody
(NSG) to pristane- production. Basophils contribute to
mice induced lupus the development of lupus nephritis
nephritis by increasing autoantibody

production. Basophil depletion
decreases autoantibodies and
immune complex clearance in the
glomerulus
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Table 1. Cont...
Author and Animal Method of Induction Research Result
Year of L
Publication Models of Lupus Objective
Kalimetal., (N=48) 0.5 ml i.p. pristane Generation of a  There is a decrease in the number of
(2018) Female injection human immune  human lymphocytes in the
Balb/c (8- system- peripheral blood, hyperactivation of
12 weeks) mediated SLE T cells and B cells, an increase in
model induced  the number of plasma cells and
by pristane memory T cells, and an increase in
injection in pro-inflammatory cytokines and the
humanized IFN type 1 gene - resembles
mice (hu-mice)  lymphopenia in SLE patients. A
human immune-mediated SLE
model that recapitulates key clinical
and immunological features of SLE.
Liou et al., (N=90) 0.5 ml i.p. pristane Identify the Thl and Th17 in the pristane group
(2022) Mice injection function of were higher than the control group
Balb/c (8 regulatory T at week 8, the percentage of Th1 and
weeks) cells in the Th17 decreased at week 16, Thl and
pathogenesis of  Th2 increased in the pristane group
SLE in at weeks 24 and 32, and there was a
pristane- positive correlation between IL-6
induced mice and Treg in the pristane group.
Pannuetal., (N=10) 0.5 ml i.p. pristane Identifying The spontaneous lupus model in
(2020) Mice injection anti-dsDNA BALB/c mice summaries other
Balb/c (8 IgG and de-SIA  spontaneous lupus mouse models
weeks) IgG antibodies  driven by toll-like receptor 7 and 9.
in SLE mice A low SIA/serum IgG anti-dsDNA
ratio indicated a high severity of
nephritis in the pristane-induced
group. High sialylated anti-dsSDNA
IgG was able to reduce the severity
of proteinuria.
Lee etal, Female 0.5 ml i.p. pristane Investigating Pristane injection caused the
(2020) C57BL/6 injection the status of generation of anti-nuclear
and oxidative stress, antibodies, which were apparent
IFNAR1-/- inflammation, from the different
mice immune immunofluorescence patterns
complex, and observed. Immune deposits were
histopathologic  evident in all the vital organs stating
al changes in the similarity this model holds with
lupus-affected  SLE patients. Pristane injection
organs mimics the two main manifestations
of lupus, oxidative stress and
inflammation.
Peixoto etal., (N=26) 0.5 ml i.p. pristane To understand  Pristine challenge upregulates the
(2019) female injection how secretion of NGAL by macrophages
Balb/c (6-8 inflammation in  and splenocytes. Pristane induction
weeks) SLE mice of a lupus-like phenotype promoted
models affects  alloimmunization to the KEL RBC
red blood cell antigen in an IFNa/b-dependent
(RBC) manner

alloimmunizati
on.
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Table 1. Cont...
Author and Animal Method of Induction Research
Year of Models of Lupus Objective Result
Publication J
Tang et al., (N=5) 0.5 ml i.p. pristane analyzing the Compared with the controls, SLE-
(2021) Female injection expression of induced animals presented increased
Balb/c (6-8 CD4+ CD69+ numbers of CD4+ CD69+ T cells in
weeks) T cells and the blood on T90 and T120 and in
mice Treg cells as the spleen on T120, but there were
well as multiple decreased numbers in the PL on
interleukin T120. T90. Increased numbers of
profiles of SLE  CD4 + CD69+ T cells in the PL
model mice were positively associated with high
IL-2.
Ma et al., female Humanized lupus examining The modification in the thymus in
(2021) C57BL/6J  mouse model by changes inthe  PIL and elucidated the
(C57), transferring Th17 cell-  thymus immunologic abnormalities of
NOD-SCID depleted PBMCs from  and potential increased B cells, potentially
IL2Rynull ~ SLE patients mechanisms providing insight into the associated
(NSG), responsible for  molecular
B6.SJL- immuno-logical mechanisms and facilitating further
Ptprca abnormalities research.
Pepcb/BoyJ in Pristane
, W17rc-/- Induced Lupus
(IL-17RC (PIL) mice.
KO, with
C57), mice
MRL/MPJ,
and
MRL/MpJ-
Faslpr/J
(MRL/Lpr
mice)
Leiss et al., (N=57) injected identified a novel function of L-17 in enhancing
(2013) BALBI/c intraperitoneally (i.p.)  novel function  plasma cell survival for
mice with either 0.5 ml of of IL-17 in autoantibody production in SLE
received pristane or saline (asa  enhancing pathogenesis. IL-17 significantly
pristane control) plasma cell promoted plasma cell survival via
(PIL group) survival for p38-mediated Bcl-xL transcript
and were autoantibody stabilization.
analyzed production in
for serum SLE
autoantibod pathogenesis
ies (anti-
chromatin-,
-histone, -
Sm, -

dsDNA)
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Table 1. Cont...
Author and Animal Method of Induction Research
Year of Models of Lupus Objective Result
Publication J
Yunetal., (N=12) 0.5 mL pristane To characterize  BALBI/c PIL mice developed
(2023) Female (4  injection the clinical and  clinical arthritis within 3 months and
weeks) intraperitoneally (i.p.)  histological correlated with areas of
BALBI/c features of inflammation, erosion, cartilage
mice arthritis damage, osteoclast number, and
associated with  severity. PIL mice with arthritis also
systemic lupus  showed signs of pulmonary (100%)
and to compare  and renal (46%) lupus.
with models of
rheumatoid
arthritis (RA)
Luciano et (N=54) i.p 0.5 mL pristane To investigate Pristane can induce mice to exhibit
al., (2019) Female injection the olfactory dysfunction and an
BALBI/c neuropsychiatri  anxiety- and depression-like
mice 8-12 c symptoms in  phenotype, along with increased
weeks old the PIL mouse  expression of cytokines, BBB
model for the leakage, activation of microglia and
Neuropsychiatri  astrocytes and aberrant deposition of
¢ Systemic IgG and lipofuscin in the brain.
Lupus
Erythematosus
(NPSLE) study
Summerset  (N=7) Injected with 500 ul of  To analyzes the Pristane-induced lupus BALB/c
al., (2014) Female pristane NMDA subunit  mice had the downregulation of
wild-type receptors, hippocampal NR2A/2B subunits
(WT) and finding a which related to cognitive
(N=#6) IL- downregulation impairment i.e., learning and
17A—/- of NR2A memory disturbance. Moreover,
mice subunit related  Downregulation of the
to learningand  NR2A subunit was more
memory pronounced when they were
disturbance exposed to
when were exposed to LPS.
exposed to
lipopolysacchar
ides (LPS).
Han et al., (N=2-6) Injected with 0.5 mL To define the Seven months after treatment with
(2015) BALB/cBy pristane (i.p.) role of IL-17A  Pristane, humoral autoimmunity was
Jand in experimental  reduced in the absence of IL-17A
BALBI/c lupus induced with reduced levels of
TLR7—/- by pristane immunoglobulin (Ig)G and anti-
mice administration.  dsDNA antibodies. IL-17A is

required for the maximal production
of humoral and cellular
autoimmunity and IL-17A is even
produced early in the disease
process, predominantly by innate
immune cells.
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Table 1. Cont...
Author and Animal Method of Induction Research
Year of Models of Lupus Objective Result
Publication J
Liuetal., (N=3-5) Injected by 0.5 mL To address anti- B cells with a switched "memory-
(2022) BALB/c, pristane ribonucleoprote  like" (CD19+ CD138- IgM- IgD-)
C57BL/6 in/Smith (anti-  (sMB) phenotype were increased in
mice, and SM/RNP) and pristane-treated mice and expressed
TCRa other SLE higher levels of Toll-like receptor 7
" mice autoantibodies  (TIr7) than cells with this phenotype
levels are from untreated mice. Also, B cells
maintained are hyper-responsive to synthetic
over time. TLRY7 ligands and apoptotic cells.
Rodriguezet  (N=7-9) intraperitoneal To investigate ~ CD4+ T cells in pristane-treated
al., (2018) Cd38-/- injection of pristane the manners of ~ mice play important roles in IgG
and CD4+ T cellsin  production, which implies the
Art2—/— antibody critical roles in the induction of
mice production ina  pathological autoantibodies in
lupus-like MHC-independent and ICAM-1-
mouse model dependent manners.
by pristane
injection
Kienhofer et Both Ncfl-  Injected i.p. alkane To investigate ~ Reveal a new role for CD38 in
al., (2017) mutated pristane the role of promoting aberrant inflammation
and PAD4- CD38ina and lupus-like autoimmunity via an
deficient pristane- apoptosis-driven mechanism
mice induced murine
model of SLE.
McClung et (N=14) Pristane 0.5mL To investigate Hydrocarbon oil pristane induces
al., (2021) female injection (i.p.) the functional chronic peritonitis by the production
C57BL/6 impact of of autoantibodies directed against
mice neutrophilsand DNA- and RNA-associated
NETson a autoantigens and chronic
mouse model of inflammation, resulting in a disease
SLE triggered closely resembling and meeting the
by classification criteria of SLE. The
intraperitoneal  aberrant NET is one of the factors
injection of the  that promotes experimental lupus-
cell death— like autoimmunity through the
inducing alkane uncontrolled release of
pristane. inflammatory mediators.
Bossaler et Wild-type  single i.p. injection of ~ The pristane- Seven months after pristane
al., (2013) BALBI/c 0.5 ml of pristane inducible administration, mice developed
and model of SLE various autoantibodies (including
C57BI/6 would develop  anti-dsDNA IgG, anti-ssDNA IgG,
mice as hypertension and anti-nRNP IgG, as well as
well as and vascular hypergammaglobulinemia) and
B6gld/gld dysfunctionas  immunological changes (increased
and the disease circulating neutrophils and increased
BALBI/c progressed. CD4-CD8-)

Rag2—/
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Table 1. Cont...
Author and Animal Method of Induction Research
Year of Models of Lupus Objective Result
Publication )
Bossaler et (N=29) injected i.p. with evaluated the FasL-deficiency
al., (2016) TIr92/2 TMPD (pristane) effect of FasL-  significantly reduced the early
BALB/c deficiency, as inflammatory exudate induced by
mice well as FasL TMPD injection. In contrast, ACS
overexpression, mice developed a markedly
on TMPD- exacerbated disease profile,
injected associated with a higher frequency
BALB/c mice.  of splenic neutrophils and
macrophages, a profound change in
ANA specificity, and a more
pronounced
Kannoetal., Malewild Injected 500 ul of To evaluate the  Develop more severe autoimmunity
(2020) type pristane (i.p.) negative than do their TLR-sufficient cohorts
(02 AP+/+) regulatory (increased production of neutrophils,
and role of TLR9 in  anti-neutrophil Abs, and the
02AP-/— murine SLE development and progression of
mice renal disease). Thus, the BALB/c
Pristine model recapitulates other
TLR7-driven spontaneous models of
SLE and is negatively regulated by
TLRO.
Amarilyoet ~ (N=12-16) one i.p. injection of identification The levels of plasmin-02 AP
al., (2014) Wild-type 500 ml pristane functions of complex and 02AP were elevated in
(WT) Alpha2- the lupus model mice. In addition,
C57BL/6 antiplasmin a2AP deficiency attenuated
(B6) and (02AP) andto  pristane-induced glomerular cell
syngeneic be associated proliferation, mesangial matrix
IL-17- with immune expansion, collagen production,
deficient and fibrin deposition, immunoglobulin
(1L-172/2) inflammatory G deposition and pro-inflammatory
mice responses in cytokine production in the model
Lupus mice. This also correlated with the
Nephritis (LN).  function of pristane known to induce
LN.
Smithetal., (N=8) i.p. injection of 500 ml  Identification Pristane-treated 1L-172/2 mice had
(2018) C57BL/6 pristane the role of IL-  significantly reduced titers of 1gG
(B6) mice 17 in SLE mice  and low anti-ssSDNA, anti-nRNP,
that were and anti-chromatin
genetically Autoantibodies. Pro-inflammatory
deficient of this  IL-17 after Pristane administration.
cytokine. administration, it appeared to

involve multiple immune cell
populations.
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Table 1. Cont
Author and Animal Method of Induction Research
Year of Models of Lupus Objective Result
Publication )
Luetal, NIrp3 one i.p. injection of Identificationa In the pristane model of acute “SLE-
(2017) R258W 500 pl of pristane role for IL- like” lung inflammation and alveolar
mouse 16/mir-125ain  hemorrhage, there is reducing
pulmonary miR-125a, neutrophil
SLE pathology infiltration was markedly reduced,
and show not and enhanced IL-16 expression.
only that IL-16  mjR-125a/IL-16 in the regulation of
is a target for lung inflammation and suggest that
miR-125a but this axis may be a
that reduced may be a therapeutic target for the
miR-125a treatment of acute lung injury in
expressionin ~ SLE.
SLE patients is
associates with
lung
involvement.
Kluger etal,, (N=12) one i.p. injection of Explore the role  NIrp32%8W mytant mice exhibited
(2016) Foxp3°™® x  pristane of NLRP3 in significantly higher mortality upon
Stat3™" mic the pristane challenge because
e development of  developed a much more severe
SLE using the lupus-like syndrome in the pristane-
pristane- induced SLE model. NLRP3
induced functions to drive kidney
experimental inflammation in lupus are primarily
lupus model. myeloid cells, including
macrophages, neutrophils and some
dendritic cells. This can be
confirmed in the future using
conditional NLRP3 knockout mice.
Zhangetal., BALBI/c Injected by 0.5 ml To identify the  Establishes a role of Treg17 cells for
(2018) and pristane (i.p.) function of the  the control of Th17 responses and
C57BL/6 newly defined  tissue protection during acute
Female (6- Stat3- inflammatory and chronic
8 weeks dependent autoimmune-mediated stages of
old) mice Th17-specific pristane-induced SLE.
regulatory T
cells (Tregl7).
Zhou et al., Balb/c WT  Mice were prepared to  to investigate MDSCs induce podocyte injury by
(2021) mice and be immunodeficient by  whether ROS and were involved for the first
BALB/c UVB exposure. Then,  MDSCs are time in the subsequent development
nude mice  PBMC cells from involved in the  of proteinuria in LN of pristane-
(CAnN.Cg- cutaneous lupus process of induced lupus mice. Furthermore,
Foxnlnu/C patients and healthy podocyte injury  TLR-7-activated MDSCs enhanced
rivr), controls were in the podocyte injury by activating p-

transplanted.

development of
Lupus
Nephritis (LN)

38MAPK and NF-kB pathways
through ROS.
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Table 1. Cont...
Author and Animal Method of Induction Research
Year of L Result
Publication Models of Lupus Objective
Zhuang etal., (N=4-8) Injection of Purified Establishment Humanized mice develop lupus-
(2016) C57BL/6 human IgM or murine  of humanized like cutaneous lesions under UVB
(B6), B6 IgG (200 mu;g/mouse)  mice (hu-mice) radiation, present cutaneous lupus
(mu;MT), i.v. into mu;MT mice.  model for the lesions of Hu-LE mice show B cell
B6 (C3-/-), Then 0.5 ml pristane development of  clusters and CD11b+ B220+ cell
and B6 injection i.p. rapid onset infiltration exhibits prominent
(CD18-/-) induction expansion
mice murine against
cutaneous lupus
° PIL : Pristane Induced Lupus
° hu-mice : humanized mice
° LN : Lupus Nephritis
° NPSLE : Neuropsychiatric Systemic Lupus Erythematosus

Table 2. List of clinical manifestations that emerged or were the focus of studies with SLE mice model

Disease Manifestation

Pristane-Induced Model

Humanized Model

(N=27) (N=3)
N (%) N (%)

Onset
- < 8 weeks 2 (T%) 1 (33%)
- 8-16 weeks 15 (55%) 1 (33%)
- >16 weeks 8 (31%) 1 (33%)
N/A 2 (71%) -
Clinical
- Proteinuria/lupus nephritis 17 (63%) 2 (67%)
- Arthritis 4 (15%) N/A
- Lung (i.e., pleuritis, 0 0
vasculitis, alveolar hemorrhage 3 (11%) 1 (33%)
- Skin lesion and/or alopecia 2 (T%) 1 (33%)
- Behavioural/neuronal 2 (T%) N/A
- C_ardlovascular (ie., 1 (4%) N/A
hypertension)
Serological
- ANA and/or Anti-dsDNA 20 (74%) 3 (100%)
- Anti-RNP/Anti-Sm 10 (37%) 1 (33%)
- Anti-histone 2 (T%) N/A
Immunohistochemistry
- Kidney and/or other organs 20 (74%) 3 (100%)

(i.e., spleen, liver)

N/A: not mentioned in the article
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Table 3. Summary of the advantage and the disadvantage of pristane induced lupus model and humanized lupus

model

Model Advantage Disadvantage
° Pristane Induced Lupus (PIL) mice e PIL mice do not spontaneously develop
are relatively easy to generate and maintain ~ SLE, but rather exhibit lupus-like symptoms and
in the laboratory. thus do not fully capture the complexity and
° The development of lupus-like heterogeneity of human disease.
symptoms in PIL mice is highly ° The autoimmune response in PIL mice
reproducible, allowing researchers to is induced by pristane, which is different from

. conduct consistent experiments. the human lupus trigger.
Pristane . - . : -
Induced ° Prlsta_ne trlgger_s the autoimmune ° PIL mice lack the genetic disorders
Lupus response seen in Iupu§-I|ke symptoms, characteristic of human SLE. _ _
including the production of autoantibodies ° PIL mice often show kidney disease as a
and kidney damage. manifestation of lupus-like symptoms, whereas
° PIL mice develop lupus-like human SLE can affect multiple organs.
symptoms within a predictable timeframe,
which is advantageous for studying disease
progression and assessing the effects of
experimental interventions.
° Mice models transplanted with ° The creation and maintenance of
human immune cells allow researchers to humanized mice will be technically challenging
study SLE in a more human-relevant and time consuming due to the need for human
context cell transplantation and subsequent maintenance.
° Humanized mice can display a ° Other physiological and genetic
variety of disease manifestations, including  differences between mice and humans may limit
autoantibody production, tissue damage and  the applicability of findings from this model to
Humanized ~ °"9an involvement, reflecting the human SLE. ' _ _
multifaceted nature of human SLE. ° Use of humanized mice models raises
Lupus . . .
° This model provides a platformto  ethical concerns
evaluate the efficacy and safety of potential
therapeutic interventions for SLE prior to
human clinical trials.
° Humanized mice models can be
created using immune cells from SLE
patients, facilitating the investigation of
individualized treatment approaches.
METHODS

Search Strategy

We conducted a comprehensive search on databases
such as PubMed, MEDLINE, ScienceDirect, and
Cochrane with a publication period from January 2013
to April 2023. The search for published articles in
English was conducted with the following keywords:
"lupus mouse model™; "lupus mice model"; "humanized
mouse model of lupus; "pristane induced mouse lupus";
"Pathogenesis of systematic lupus erythematosus™; and
"Pathophysiology of systematic lupus erythematosus".
This study followed the protocol listed in the Preferred
Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA).

Eligibility

The research criteria included: (1) Studies that used
humanized lupus mice models and pristane induction;
(2) Studies that successfully induced SLE in mice
models; (3) Studies that reported outcomes related to
SLE manifestations such as autoantibody production,
immune cell disorders, and tissue damage; (4) and
studies with statistically significant or non-significant
results.

We excluded studies that (1) used spontaneous
lupus mice model; (2) used therapeutic interventions
that affected improving the condition of the mice; (3)
had other autoimmune disorders; (4) did not present
primary data; and (5) included reviews, systematic
reviews, meta-analyses, commentaries, letters to the
editor, books, doctoral dissertations, conference
abstracts, and study protocols.

Data Extraction

Data extracted independently using a standardized
form that includes the following information: (a)
authors and year of publication (b) animal model used,
(c) SLE induction method, (d) study objectives, and
(e) main results and findings.
RESULTS

Study Selection

Relevant articles were identified based on the
database and registers through screening with the
Rayyan.ai tool (https://www.rayyan.ai/) resulting in
total of 1058 articles (Figure 1). A total of 136
duplicate records were removed to obtain articles that
were suitable for the screening process. The 952
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articles were separated based on exclusion and inclusion
criteria, resulting in 45 articles that met the criteria. A
more thorough assessment of reports eligibility excluded
studies that had the wrong study design (n = 6) and
studies that had the wrong outcome (n = 9). Thus, the
final results of articles by the inclusion criteria were 30,
which were used as the subject of discussion in the
systematic review.

Pristane-induced Lupus Mice Model

Mouse models of lupus induced by intraperitoneal (i.p.)
injection of 0.5 ml of pristane cause different onset and
clinical manifestations of the disease. Twenty-seven
articles are using pristane-induced mice as animal
models of SLE. All pristane-model mice showed success
in developing lupus-like disease manifestations. The
onset of lupus disease in this model most commonly
occurred between 8 and 16 weeks after induction, as
reported in 15 studies. This was followed by an onset
above 16 weeks in 8 studies and 2 studies showing an
onset below 8 weeks.*2° The most commonly reported
or investigated clinical manifestations were the onset of
proteinuria and symptoms of lupus nephritis in 17
studies, followed by arthritis (n=4),16181° Jung disease
(n=3), 18313 gkin lesions and/or alopecia (n=2),**
neuronal or behavioral disorders (n=2),2*?° and
cardiovascular disorders (n=1).% The most commonly
investigated serological signs of SLE were ANA and/or
anti-ds-DNA antibody levels (n=20), followed by anti-
Rnp/anti-Sm  (n=10) and anti-histone  (n=2).
Immunohistochemistry was used in 20 studies to
examine morphological changes in Kkidney tissue and
other organs such as the spleen, brain, and liver.

Humanized lupus mice models

Three articles discuss the use of lupus mice models
using humanized mice. This model is obtained by
transferring human cells, such as hematopoietic stem
cells and PBMC cells, into immunodeficient mice so that
human cells can be reconstituted in mice.”**" All three
humanized-modeled mice also showed the progressivity
of SLE disease. The onset of lupus and SLE
manifestations in each study was different, with an onset
of less than 8 weeks,'” onset between 8 and 16 weeks,’
and onset more than 16 weeks after stem cell
transplantation.’*  Clinical manifestations include
proteinuria and lupus nephritis,***" pleuritis,* and skin
lesions or alopecia.” The serological markers used in
each study were ANA antibodies, anti-ds-DNA, and
anti-RNP/anti-Sm. The use of immunohistochemistry to
examine morphological changes in kidney, spleen
tissue,'1*” and skin tissue.’

DISCUSSION

The review systematically examines studies based on
two methods of making animal models such as mice of
various strains into SLE. The two types of methods are
pristane induction and transferring cells from SLE
patients into immunodeficient mice. Although both have
the potential to develop lupus-like disease, the result is
that the mice models made humanized lupus have
similarities to those suffered by humans. Interestingly,
the majority of mice used as animal models are female.
Several factors make the selection of female mice as

animal models in SLE, including (1) mice have similar
characteristics to humans in terms of gene
composition, cells, and organs. Lupus in humans often
affects women compared to men,? (2) high levels of
the hormone estrogen in female mice correlate with
SLE,* (3) in general, women and most female SLE
mice models are more susceptible to disease,® (4)
autoantibodies increase in female mice with SLE
which is inversely proportional to male mice.*
Regarding the role of estrogen hormones in SLE, the
mechanism of action of these hormones, namely
through estrogen receptor alpha (ERa), promotes the
development of SLE and contributes to female sex
bias in the loss of tolerance and immune cell activation
caused by the Slelb lupus susceptibility locus.*
multiple preferences may serve as reasons for
choosing pristane and humanized cells transplanted
SLE methods in creating SLE model mice. Pristane
injection may be preferred when the study aims to
create a widely used murine model for the induced
disease, as the pristane-induced model is one of the
most widely used SLE models (2). Human cell
transplantation may be preferred when studying the
pathogenesis of human SLE and testing new therapies,
as it can provide a more human-like model of SLE,®
and transplantation of humanized cells is likely to be
chosen when studying the interaction between human
immune cells and other cells in the body, such as
kidney cells, which are difficult to replicate in
pristane-induced models.™*

Pristane Induced Mice Model

The results of several studies that discuss the
effects of pristane injection on animal models of mice
are shown in Table 2. According to the summary table,
the pristane injection method of 0.5 mL (i.p.) can
cause various onset and clinical manifestations of the
disease. Pristane (2,6,10,14-tetramethylpentadecane)
is a type of isoprenoid alkane commonly found in
mineral oil. The mineral oil is injected
intraperitoneally into the mice to induce peritoneal
irritation and increase the vyield of monoclonal
antibodies from ascites when hybridomas are injected,
which can induce autoimmunity.2“° The activation of
polyclonal B cells elicited by pristane can lead to
autoantibodies and the development of autoimmune
diseases. In addition, immunologic factors, such as the
development of SLE in mice after pristane injection,
are associated with modulation of the immune
response, including the expression of activated and
inhibited Fc receptors.* In summary, the onset of SLE
in animal models of mice following injection of 0.5
mL of pristane is a complex process involving
multiple factors, including pristane injection,
polyclonal B cell activation, and immunological
factors. The percentage of success rate by using
pristane method varies depending on the study and the
strain of mice used. A study has shown that the murine
lupus model can be successfully established in female
BALB/c mice with a single i.p. injection of 0.5 mL of
Pristane, and that the specific autoantibody anti-
dsDNA for SLE has appeared in the sera of BALB/c
mice.*> The key features of SLE, including the
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production of human anti-nuclear autoantibodies, lupus
nephritis and pulmonary serositis, were recapitulated
when pristane was injected into immunodeficient mice
reconstituted with the human immune system
(humanized mice).* Overall based on previous study
result pristane injection is a well-established method to
induce lupus-like disease in mice, it may not fully reflect
the complexity of the disease in humans.

Various studies from 27 relevant articles used pristane
injection with a dose of 0.5 mL that induced peritoneal
irritation and increase monoclonal antibody yield from
ascites when hybridomas were injected.?*® The dose has
been taken as the optimal dose to induce the desired
effect of each study. Pristane has the ability to activate
membranes through its interaction with the lipid bilayer
of cells, as well as trigger programmed cell death in
lymphoid cell types through the mitochondrial caspase
activation pathway.® In the process, this triggers the
development of autoimmune conditions similar to
systemic lupus erythematosus. Regarding the clinical
manifestations that appear in the model mice given
pristane induction, most of them develop proteinuria and
symptoms of lupus nephritis. The mechanism that occurs
behind lupus nephritis due to pristane induction is related
to the production of autoantibodies against several
polynuclear antigens that can form immune complexes
deposited in the kidneys due to inflammation and tissue
damage.!* Cytokine dysregulation triggers blood-brain
barrier (BBB) disruption, 1gG deposition, glial activation
in nerves, and nerve damage.* Basophil activation can
lead to autoreactive B cell expansion and autoantibody
production, triggering the development of lupus
nephritis.®® A previous study by Yan et al. (2020)
explained that coptisine, a natural compound, slowed
disease progression in pristane-induced lupus mice by
inhibiting the Rho/ROCK pathway.** Activation of the
Rho/ROCK pathway may contribute to the development
of lupus nephritis. Other clinical manifestations include
arthritis, pulmonary disorders caused by pulmonary
hemorrhage within a few weeks in C57BL/6 mice,*® the
appearance of glaucous lesions and/or alopecia, neuronal
and behavioral disorders, and cardiovascular disorders.
Serologically, the clinical manifestations that appear in
pristane-injected mice are antinuclear antibody (ANA)
levels and/or anti-ds-DNA, anti-Rnp/Anti-Sm, and anti-
histone.  ANA  measurement  with  Indirect
immunofluorescence (1IF) is usually scored as 0 to 4+ or
as a titer (referring to the number of times the blood is
diluted and still yields a positive result). An ANA of 0,
1+ or 2+, or at a titer of less than 1:80 (diluted 80 times)
does not usually indicate a significant problem.*” ANA
titers at higher levels are more likely to indicate the
presence of an autoimmune disease. In cases of lupus,
ANA is present in approximately 95% of patients with
active disease. Specific antibodies that need to be
checked and become the hallmark of SLE are anti-Sm/
anti-Rnp, which are non-specific antibodies that appear
in many patients with lupus and other rheumatic diseases
with an incidence percentage of 25%.*® Anti-histone
shows that the characteristics of drug-induced lupus,
namely pristane in lupus model mice.*® The time
required to develop mice as SLE model animals after
pristane injection (Table 2) at a certain dose varies

depending on the study and the strain of mice used.
Some relevant study results explain that pristane-
induced mice (PIL) show olfactory dysfunction
accompanied by phenotypic symptoms, such as
anxiety and depression at the 2nd or 4th month.*®
There are drawbacks to creating pristane-injected
mice as a lupus model animal: exposure to
hydrocarbon adjuvants can trigger inflammatory or
autoimmune responses in humans,*® and pristane-
induced mice are unlikely to fully replicate the
complexities of human SLE.* Thus, to produce SLE
model mice that are similar to humans, other methods
are carried out by humanized-lupus mice.

Humanized Mice Model of Lupus

The humanized mice model (hu-mice) is a mice
model in which human cells are transplanted into
immunodeficient mice. The term "humanized" is used
to indicate that these mice can produce cells that have
characteristics similar to humans. For example, by
transplanting human immune cells, it is expected that
the mice will exhibit characteristics of the human
immune system. The use of this humanized mice
model can assist researchers in conducting human
immune system and stem cell research in vivo.®> The
development of humanized mice models is still carried
out in limited numbers and involves mice that have
been designed to experience immunodeficiency,
followed by the transfer and transplantation of human
cells.® From the findings of related articles, only three
articles were relevant to the topic of this systematic
review. There is a great opportunity for researchers to
use this method as it can provide a platform to study
the pathogenesis of SLE and test potential therapeutic
agent interventions.* In addition, using the hu-mice
model can also help identify genetically susceptible
loci and targets for future drug development.>* Thus,
this model can further clarify the pathogenesis of SLE
and provide new strategies for the prevention and
treatment of SLE, especially the development of new
drugs for which there are still very few challenges in
the form of biological therapies for SLE.

In general, there are currently two main methods
used to create hu-mice lupus models. The first method
involves the transfer of human peripheral blood
mononuclear cells (PBMCs) or peripheral blood
lymphocytes (PBLs) from SLE patients to
immunodeficient mice. The second method involves
the transfer of human hematopoietic stem cells (HSCs)
to immunodeficient mice, followed by intraperitoneal
administration of pristane to induce SLE.% The
difference between the two characteristics of the
PBMC cell transfer method and HSC cells followed
by pristane administration according to Chen et al.
(2022) is that the PBMC method from the patient's
blood cells is injected intravenously (i.v.) or
intraperitoneally (i.p.) into immunodeficient mice,®
while in the HSC method, blood stem cells are injected
i.v. into immunodeficient mice followed by i.p.
pristane administration. The purpose of giving
pristane in the HSC method is to stimulate SLE in
mice so that it is expected that animal models will
produce human anti-nuclear autoantibodies, lupus
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nephritis, and pulmonary serositis.!* Based on the
immune cells involved, the HSC + pristane method
involves various immune cells in the body, such as T
cells, memory B cells, NK cells, Human CD19+ CD20-
CD27hi CD38hi plasma blasts/plasma cell, Human
CD27+ memory B cells and CD27- IgD- B cells, and
human CD27- IgD + naive compared to the PBMC
method, namely Human CD45+ cells, CD4+, T cells and
CD8+ cells, and 1L-17+.5 In terms of survival rate, mice
given PBMCs are more vulnerable than HSCs which can
survive up to 13 weeks.

The clinical manifestations that appear in Table 2 are
similar to the pristane-injected mice model, among
others: Clinical manifestations include proteinuria and
lupus nephritis,***" pleuritis,** and skin lesions or
alopecia.>? Serological signs in each study studied were
ANA antibodies and anti-ds-DNA and anti-RNP/anti-
Sm. Each strain of mice used gives rise to the onset of
SLE with different times. Some factors may cause
differences in onset, namely genetic, environmental and
immunological. According to Chen et al. (2022), genetic
studies in susceptible human or mouse populations show
that disease susceptibility is multifactorial, involving
complex interactions between several genes along with
environmental factors, especially the importance of non-
MHC loci that play a role in increasing or suppressing
susceptibility to SLE.® Environmental factors, such as
infections, medication-induced, and UV exposure can be
genetically triggered in at-risk individuals.®® Other
immunologically related factors due to T and B cell
activation, autoantibody production, and immune
complex formation may contribute to the development
of SLE in different mouse strains.?

There are some advantages (Table 3) of using human
stem cells transplanted into mice as an animal model.
Cells with cellular defects in SLE humans can provide a
SLE model that is more similar to humans, as they are
derived from SLE patients and can mimic the complexity
of human SLE.® Transplanted cells from the patients
can be used as a method of studying the pathogenesis of
SLE and testing new therapies, and the interactions
between human immune cells and other cells in the body,
such as the kidney that are difficult to replicate in
pristane-induced models, can be studied through this
method.'! However, the use of transplanted human SLE
cells also has some limitations, such as difficulties in
establishing and characterizing models, cell variability
among patients, and the cost and ethical considerations
associated with using human cells in animal models.

Considering the advantages and disadvantages of
both models, it is important to consider the synergy
between them. SLE is a complex autoimmune disorder
characterized by a multifaceted pathogenesis, which
includes an elaborate immune response, autoantibody
production and tissue damage. Humanized mouse
models of lupus offer a unique opportunity to study
disease mechanisms in a more human-like context. This
allows researchers to explore the interaction of genetic
and environmental factors that contribute to the
development of SLE. By contrast, pristane-induced
lupus models, which mimic the disease through chemical
triggers, provide insights into the immune dysregulation
and autoantibody production that are central to SLE
pathology. By combining these models, we can attain a

deeper understanding of SLE, bridging the gap
between fundamental immunological processes and
environmental influences. This integrative approach
not only improves our understanding of SLE
pathophysiology, but also offers a promising path to
evaluate potential therapeutic strategies from a more
comprehensive point of view.

CONCLUSION

Pristane-induced lupus mice offers simplicity,
reproducibility, and a predictable time course for
studying lupus-like symptoms and autoimmune
responses. However, they lack genetic predisposition,
relevance to human SLE triggers, and comprehensive
organ involvement. On the other hand, humanized
mice models with engrafted human immune cells
provides a more human-relevant context, complex
disease manifestations, and opportunities for drug
testing and personalized medicine. Nevertheless,

technical ~ challenges,  heterogeneity,  species
differences, and ethical concerns limit their
applicability. Choosing between these models

depends on the research goals, aspects of the disease
being studied, and available resources, while a
combination of models can offer a more
comprehensive understanding of SLE.
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