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Abstract
Background: Intravenous immunoglobulin (IVIG) has been commonly used to treat myasthenia
gravis exacerbation, but is still ineffective in nearly 30% of patients. A variable number
of tandem repeat (VNTR) polymorphism in the FCGRT gene has been found to reduce the
efficiency of 1gG biologics. However, whether the polymorphism influences the efficacy of IVIG
in generalized myasthenia gravis (MG) patients with exacerbations remains unknown.
Methods: The distribution of VNTR genotypes was analyzed in 334 patients with MG. Varied
VNTR alleles were determined by capillary electrophoresis and confirmed by Sanger
sequencing. Information of endogenous IgG levels were collected in patients without
previous immunotherapy (n=26). Medical records of patients who received IVIG therapy were
retrospectively analyzed for therapeutic outcomes of IVIG treatment (n=61). Patients whose
Activities of Daily Living scores decreased by 2 or more points on day 14 were considered 53552?82”“”“”’
responders to the treatment. )'?j;’svr:m;;:ftzeg;"p‘f:gly
Results: The VNTR3/3 and VNTR2/3 genotypes were detected in 96.7% (323/334) and 3.4% Medical University, Chang
(11/334) patients, respectively. Patients with VNTR2/3 heterozygosity had lower endogenous T, o Beling
IgG levels than those with VNTR3/3 homozygosity (9.81 % 2.61g/L versus 12.41 = 2.45¢/L, dayuwei100@hotmail.com
p=0.016). The response rate of IVIG therapy was 78.7% (48/61). All responders and nine non-  ;rerdva Su
responders were VNTR3/3 homozygotes, whereas all the patients with VNTR2/3 genotypes Lin Lei
were non-responders (n=4). In patients who took IVIG treatments, endogenous IgG levels ;:fr':nsgh::n
were significantly lower in non-responders compared with responders (12.93 = 2.24 g/L versus \J{'::{':g Duo
8.85+2.699/L, p=0.006), especially in VNTR2/3 heterozygotes (7.86 = 1.78g/L, p=0.001). Li Di
Conclusion: The VNTR2/3 genotype could influence endogenous IgG levels and serve as a Hin yrang
predictive marker for poor responses to IVIG in MG patients. ‘h'd"ien")i(‘zz""
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Introduction myasthenic crisis status, which is exemplified by a  pepartment of Neurology,
Myasthenia gravis (MG) is an acquired autoim- rapid worsening of clinical symptoms within a ﬁigg‘ltgafes"glﬁg"ghf:;“e”
mune disease characterized by fatigability and very short time period (days to weeks).»? In rare . ' .

X . A A . engyao Su and Qing
fluctuant weakness in extraocular muscles, limbs, instances, the symptoms worsen into manifest Liu contributed equally
bulbar muscles and respiratory muscles.! Some myasthenic crisis, leading to increased respiratory ! s work and should

. . . . . ; be regarded as co-first
MG patients progress quickly to impending muscle and/or bulbar muscle weakness which is authors.
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severe enough to necessitate intubation.? The
incidence of MG patients experiencing myas-
thenic crisis ranges from 10% to 20%, with an
approximate mortality rate of 5%.3> Thus, pre-
venting impending myasthenic crisis from pro-
gressing into manifest myasthenic crisis is crucial
to improving a patient’s quality of life. Currently,
intravenous immunoglobulin (IVIG) and plasma
exchange (PE) are the most effective therapies for
treating the patient who experiences a rapid MG
exacerbation.?%

Although similar outcomes of IVIG and PE for
MG exacerbations have been demonstrated,’ the
choice of PE may be constrained by availability,
age, comorbidities, venous access or specialized
hospital settings, whereas IVIG is much easier to
manage.>8 PE is only available in a subset of
advanced medical centers in our country, with
IVIG being more preferable. However, nearly
30% of patients with MG respond poorly to IVIG
treatment.”>%10 It is important to screen for a
patient’s response potential to IVIG treatment for
the sake of both the patients and the clinicians.
Early identification of IVIG-resistant patients
would allow for a swift transition to alternative
therapies, which reduces the risk and time course
of the treatment and lessens the financial burdens
associated with IVIG therapy.

While the exact underpinnings of IVIG’s thera-
peutic action in MG are not fully understood,
some possible mechanisms include neutralization
of autoimmune antibodies, depression of the dep-
osition of complements, immunomodulation
through inhibitory FcyIIb receptors, and acceler-
ation of pathologic antibody clearance through
neonatal Fc receptor (FcRn) saturation.!l-16
FcRn, which is encoded by the FCGRT gene,
extends the half-life of IgG by preventing intracel-
lular degradation.l” A variable number tandem
repeat (VNTR) polymorphism within the pro-
moter region of the FCGRT gene was identified
to be involved in modulating the expression of
FcRn.!® VNTR2/3 individuals were associated
with a decreased expression level of FcRn com-
pared with VN'TR3/3 individuals.!® Similarly, the
VNTR2/3 genotype was associated with decreased
effectiveness of IVIG treatment in patients with
common variable immunodeficiency (CVID),
possibly by interfering with infused IgG recycling
through varied FcRn expression. This suggested
that the VNTR polymorphism influenced the IgG
catabolism dynamics.!® Based on these findings,
we hypothesized that the VNTR polymorphism

could influence endogenous IgG levels and was
related to the efficacy of IVIG treatment in MG
patients.

We investigated the possible factors that influ-
enced the effectiveness of IVIG treatment in MG
patients, including the presence of the VNTR2
allele. We found for the first time that the
VNTR2/3 genotype may be considered as a pre-
dictor of non-response to IVIG treatment in MG
patients.

Materials and methods

Participants

MG patients (N=334) were recruited from the
Xuanwu Hospital Myasthenia Gravis database
(Beijing, China). Patients in this database had pro-
vided their consent to be included in the registry
and to have their medical records and serum and
DNA samples to be used for research purposes.
Genetic analysis of the VNTR polymorphism in
the FCGRT gene was performed in all the patients.
Among the recruited patients, endogenous IgG lev-
els (normal range: 7.51-15.60g/L.) were analyzed
in patients without previous immunotherapies
including corticosteroids, non-steroidal immuno-
suppressants, plasma exchange and IVIG. (n=26)
(Supplemental material Figure 1 online). Medical
records of generalized MG patients who received
an IVIG dose of 0.4 g/kg per day for five consecu-
tive days (n=61) were retrospectively reviewed
and analyzed for therapeutic outcomes of IVIG.
Judged by treating physicians, IVIG treatments
were prescribed to the patients on conditions of
impending myasthenic crisis or manifest myas-
thenic crisis.? Definition of impending myasthenic
crisis is rapid clinical worsening of MG that, in the
opinion of the treating physician, could lead to cri-
sis in the short term (days to weeks). And the defi-
nition of manifest myasthenic crisis is worsening of
myasthenic weakness requiring intubation or non-
invasive ventilation to avoid intubation, except
when these measures are employed during routine
postoperative management.2 Patients with muscle
specific tyrosine kinase antibody positive or with
infections during the period of IVIG administra-
tion to the time for evaluation of the curative effects
were excluded. Sixty-one patients were analyzed
for therapeutic outcomes of IVIG. Patients were
scored for MG-Activities of Daily Living (ADL)
before and 14 days after the treatment. The ADL
scores of the patients before the IVIG therapy
increased by at least two points attributable to the
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following non-ocular items within 1month: diffi-
culty in swallowing, dysarthria, acute respiratory
failure, or worsening limb weakness.20-21 Other
MG medications prior to MG exacerbations
remained unchanged during the evaluation of
IVIG therapy outcomes. This study was approved
by the Ethics Committee of Xuanwu Hospital
(No. 2017084) and written informed consents
were acquired from all participants.

Clinical data collection

To investigate the influential factors of treatment
response, clinical data was collected including
age, gender, course of disease, Osserman classifi-
cation, thymoma, causes for exacerbations, pres-
ence of anti- acetylcholine receptor (AChR)
antibody, and treatment schedule of MG medica-
tion. Causes of exacerbations were categorized as
first manifestation of MG, idiopathic or unknown,
post-thymectomy, infection, childbirth and
reduction of drug dose. Patients who had taken
IVIG treatment were scored for MG-ADL scores
before and 14 days after the first infusion of IVIG.
A good response to treatment was defined as a
decrease of at least two points in the ADL score
on day 14 after the first IVIG infusion.??2 For
patients with data of IgG concentrations acquir-
able (#=26), clinical characteristics were ana-
lyzed to investigate the influential factors on
endogenous IgG levels, including the VN'TR gen-
otype. Albumin levels of the 26 patients with data
of IgG concentrations were reviewed and com-
pared between different VN'TR genotypes.

Genetic analysis of VNTR polymorphism within

the FCGRT promotor

Genomic DNA was obtained from 334 patients.
Capillary electrophoresis coupled with polymerase
chain reaction (PCR) assays were used to analyze
the VN'TR region of the FCGRT gene. PCR ampli-
fication was conducted using a thermal cycler (Life
pro, Hangzhou Bioer Technology Co. Ltd) in a
volume of 20 uLL containing 10ng of DNA. Master
mix solutions were composed of 10mM of sense
(5'- TGGATTCCTGGGTCTGAGAG-3") and
antisense primers (5'- GACACTTGATAGGCT
GAGAGTCC-3"), 10 mM of dANTP and 5 U of
Taq polymerase diluted in double distilled H,O.
The forward primer was labeled with 5'- FAM. The
PCR cycle was as follows: 2min at 94°C, then 35
cycles, each consisting of denaturation (94°C for
30s), annealing (60°C for 30s) and extension

(68°C for 30 s). Finally, a complete extension was
set for 7min at 72°C. PCR products were sepa-
rated by capillary electrophoresis on a DNA ana-
lyzer (Applied Biosystems, ABI 3730 X1). Results
were analyzed with GeneMarker 2.0. The PCR
amplification fragments of VNTR3 alleles were
identified at 327bp in length while VN'TR?2 alleles
were identified at 37bp shorter than VNTR3
alleles. The sizes of VN'TR alleles were detected by
referring each fragment to the relative migration of
molecular weight markers. Presence of two peaks
corresponded to heterozygotes, which was further
confirmed by Sanger sequencing. Primers for
Sanger sequencing were as follows: sense primer,
5'-GGAGCGAGGCTGAAGGGAAC-3'; anti-sense
primer 5-CTCGGTCCAGACTGACAACA-3';
and the primer for sequencing was 5'-CCCCTG
AACTGGATCTCAGTTG-3.

Statistical analysis

Summary statistics (i.e. mean * standard devia-
tion, median and range, number and percentage)
were computed for quantitative and qualitative
variables. Correlations between clinical factors
and endogenous IgG concentrations were evalu-
ated using Spearman rank correlations. To deter-
mine differences in clinical characteristics between
IVIG treatment responders and non-responders,
continuous data were analyzed by rtest or
Wilcoxon rank-sum test, depending on the data
distribution. Categorical data was compared with
Fisher’s exact test. A p value of 0.05 or less was
considered statistically significant. SPSS (Version
22, IBM) was used for all statistical analyses.

Results

A total of 334 adult patients were included in the
study. The allelic frequencies of VNTR polymor-
phisms in the promoter region of the FCGRT
gene observed in our cohort, VNTR3 (98.4%)
and VNTR2 (1.6%), were similar to those previ-
ously observed in Caucasians,!®1° while other less
frequent alleles were not detected. Most patients
(n=323, 96.7%) were VNTR3/3 homozygotes,
and 11 patients (3.3%) were VN'TR2/3 heterozy-
gotes. Clinical features of the 11 VNTR2/3
patients are presented in Table 1.

Among the recruited patients, data of endoge-
nous IgG concentrations were available only for
26 patients who had not previously received
immunotherapies. There was a significant
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Table 1. Clinical factors of 11 patients with VNTR2/3 genotype from 334 myasthenia gravis patients.

Number Gender/ Course of Osserman Presenceof AChR ADL Concurrent
age disease classification = thymoma antibody score immunosuppressant
(months) titer
(nmol/L)*
Patients 1 F/60 5 N 9.49 5 Null
without clinical
exacerbations
2 F/54 23 1B P N 0 Prednisone
3 M/61 5 1B N 81.74 3 Null
4 F/66 37 | N 6.26 3 Null
5 F/59 18 1B P 3.75 0 Prednisone
6 M/67 2 | N N 6 Null
7 M/42 6 1B N 0.75 6 Null
Patients 8 M/64 10 I\ N 18.84 6 Null
with clinical
exacerbations
and taking IVIG
9 F/75 1 11 N 2.58 9 Null
10 F/49 6 1Y N N 8 Null
1" M/49 2 1B P 5.80 3 Prednisone

*AChR-antibodies were tested by immunoradioassay.
AChR, acetylcholine receptor; ADL, Activities of Daily Living; F, female; IVIG, intravenous immunoglobulin; M, male; N, negative; P, positive;
VNTR, variable number tandem repeat.

difference in endogenous IgG levels between
VNTR3/3 patients (n=15, 12.41 =2.45¢g/L)) and
VNTR2/3 patients (=11, 9.81*2.61g/L,
p»=0.016, 95% confidence interval (CI) 0.541—
4.664; Figure 1). Besides VNTR genotype, no
correlation was found between other clinical
factors and endogenous IgG concentrations
(Table 2). The albumin levels did not differ
between the VNTR3/3 and VNTR2/3 patients
(39.88 £5.23 g/ versus 41.81 = 3.34 g/, p=0.342,
95% CI -2.203 to 6.063).

Forty-eight out of 61 (78.7%) patients improved
after IVIG treatment. When divided into respond-
ers and non-responders to IVIG treatment, no
significant differences were found between the
two groups in age, gender, course of disease,
Osserman classification, thymoma, causes of
exacerbations or presence of anti-AChR anti-
body (Table 3). All 48 responders and nine
non-responders were VNTR3/3 homozygotes

while four non-responders were VN'TR2/3 het-
erozygotes. Responders had a higher frequency of
the VNTR3/3 genotype (100.0% wersus 69.2%,
p»=0.001, odds ratio=21.333, 95% CI 2.130-—
213.648) than non-responders. The brands of
IVIG used by responders included RonsenIVIG
5%® (Chengdu Rongsheng Pharmaceuticals Co.
Ltd, Sichuan, China) and human immunoglobulin
(Hualan Biological Engineering Inc., Henan,
China). All the non-responders were taking
RonsenIVIG 5%®.

In the 61 patients who underwent IVIG treatment,
endogenous IgG concentrations before IVIG infu-
sion were obtained from 12 responders and five
non-responders without any previous immuno-
therapy (Supplemental Figure 1). Responders had
higher endogenous IgG concentrations than non-
responders (12.93 = 2.24 g/L.versus8.85 + 2.69 g/L,
$»=0.006,95% CI 1.396-6.769; Figure 2). Further
analysis revealed that endogenous IgG levels were
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Figure 1. Comparison of endogenous IgG levels
according to patients’ VNTR genotypes. Data are shown
in box-plots with the center line, lower and upper
borders of the box representing medians, 25th and
75th percentiles of the sample. The whiskers indicate
minimal and maximal extreme values of the sample.
VNTR, variable number tandem repeat.

significantly lower in VNTR2/3 non-responders
(n=4,7.86*+1.78¢g/L) than in VN'TR3/3 respond-
ers n=12, 12.93+2.24g/L, p=0.001, 95% CI
2.411-7.730; Figure 2), suggesting that the statis-
tically significant difference was driven by the
VNTR2/3 heterozygotes. Of the nine VNTR3/3
non-responders in the study, the endogenous IgG
level was acquired from only one patient (12.8g/L),
which was relatively higher than the IgG levels of
VNTR2/3 non-responder (median 7.68, range
5.89-10.20; Figure 2). The IgG levels of the other
eight patients were excluded from analysis because
five patients took IVIG therapy before visiting our
hospital and three patients were taking other
immunosuppressants before using IVIG.

Discussion

Our study demonstrated that most MG patients
had VNTR3/3 homozygotic alleles in the pro-
moter region of the FCGRT gene. Patients with
the VNTR2/3 genotype had significantly lower
endogenous IgG levels than those of the patients
with VNTR3/3 homozygosity. The overall effec-
tiveness rate of IVIG was 78.7% on day 14, and
poor responses to IVIG treatment were mostly
associated with carrying the VN'TR2/3 genotype.
To our knowledge, this is the first study investi-
gating the association between the VNTR

Table 2. Correlation between clinical factors and endogenous IgG

concentrations (n=26).

Clinical factor

Correlation

Gender, male 11 (42.31%)
Age, years 55+ 14.72
Course of the disease, months 3 (1-37)
ADL score 5.73x4.12
Osserman classification ll1-1V 8 (30.77%)
Thymoma 11 (42.31%)
AChR antibody positive 23 (88.46%)
VNTR3/3 genotype 15 (57.69%)
Serum albumin levels, g/L 40.67 + 456

r=0.244 p=0.229)
r=-0.183 (p=0.372)
r=-0.017 (p=0.936)
r=0.193 (p=0.345)
r=-0.195 (p=0.341)
r=-0.068 (p=0.743)
r=0.281(p=0.164)

r=0.478 (p=0.016)
r=-0.025 (p=0.911)

Data are presented as number (%), mean = standard deviation or median (range).
AChR, acetylcholine receptor; ADL, Activities of Daily Living; VNTR, variable number

tandem repeat.

polymorphism and the efficacy of IVIG therapy in
MG patients.

The FCGRT gene encodes the heavy chain of
FcRn. FcRn is mainly expressed in syncytio-
trophoblasts and endothelial cells. In several
organs, FcRn mediates transcytosis or functions
as a recycling receptor for IgG.23-25 FcRn binds
internalized IgG under acidic conditions and pro-
tects it from lysosomal degradation. Thus, FcRn
extends serum IgG life span and plays a central
role in IgG homeostasis.1?

Previous studies have identified a VN'TR polymor-
phism in the promoter region of the FCGRT gene,
with VN'TR3/3 homozygosity being the predomi-
nant genotype in Caucasians.!%1° The distribution
of VNTR genotypes in our study was in accordance
with previous reports. Importantly, the VNTR2
allele was related to decreased promoter activity and
lower expression level of FcRn compared with the
more common VNTR3 allele.!® Sachs et al. found
that monocytes from VNTR3/3 homozygous indi-
viduals expressed 1.66-fold more FcRn transcripts
than monocytes from VNTR2/3 heterozygous indi-
viduals and possessed a much higher binding capac-
ity.'®  Our results showed that VNTR2/3
heterozygosity was associated with decreased
endogenous IgG levels. Lower endogenous IgG
concentrations could be evidence of reduced FcRn
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Table 3. Clinical factors of responders and non-responders to IVIG therapy in MG patients.

Clinical factor Patients Responders Non-responders p value*
received IVIG n=48 n=13 (two-tailed)
n=61

Gender, male 28 (25.9%) 21 (43.8%) 7 (53.8%) 0.547

Age, years 51.36+17.38 50.56+18.03  54.31%15.03 0.495

Course of the disease, months 4 (1-156) 5.5 (1-156) 2 (1-108) 0.452

Osserman classification 0.291

1B 35 (57.4%) 30 (62.5%) 5 (38.5%)
II 9 (14.8%) 6 (12.5%) 3(23.1%)
% 17 (27.9%) 12 (25%) 5 (38.5%)

ADL score 10 (3-22) 10 (3-21) 13 (6-22) 0.191

Thymoma 22 (36.1%) 18 (37.5%) 4 (30.8%) 0.753

Causes of exacerbations 0.770

First manifestation of MG 18 (28.5%) 13 (27.1%) 5 (38.5%)
Idiopathic/unknown 25 (41.0%) 20 (41.7%) 5 (38.5%)
Post-thymectomy 13 (21.3%) 11 (22.9%) 2 (15.4%)
Infection 2 (3.3%) 1 (4.2%) 1(7.7%)
Childbirth 1(1.6%) 1(4.2%) 0(0.0%)
Reduction of drug dose 2 (3.3%) 2 (4.2%) 0(0.0%)
AChR antibody positive 55 (90.2%) 45 (93.8%) 10 (76.9%) 0.105
VNTR3/3 genotype 57 (93.4%) 48 (100.0%) 9 (69.2%) 0.001

Data are presented as number (%), mean * standard deviation or median (range).

*p value compared between responders and non-responders.

AChR, acetylcholine receptor; ADL, Activities of Daily Living; IVIG, intravenous immunoglobulin; MG, myasthenia gravis;

VNTR, variable number tandem repeat.

quantity and increased IgG elimination. Similar
associations have been identified in animal stud-
ies.2%:27 For example, Shubin ez al. observed that the
minority of VN'TR genotypes were related to lower
levels of serum IgG in rhesus macaques.2” However,
no correlation was found between the VN'TR poly-
morphism and endogenous IgG concentration in
Guillain—Barre syndrome patients, perinatal women
or patients with ovarian cancer.?8-30 The difference
between these findings might be due to the distinct
pathophysiology involved in MG among the above-
mentioned conditions. Meanwhile, it is important
to mention that MG patients who experience exac-
erbations requiring IVIG treatment, but have no

previous immunotherapies, are rare. Combined
with the fairly low proportion of the VN'TR2/3 gen-
otype in MG patients, the amount of available IgG
data used in this study was limited. Therefore,
future studies utilizing data from multiple health
care centers are necessary to fully elucidate these
interactions.

FcRn also binds albumin and protects it from deg-
radation with distinct binding site from FcRn-IgG
interaction.3! However, the albumin levels of
VNTR2/3 patients are not distinguished from
VNTR3/3 patients in our study. Previous studies
reported that higher serum albumin levels were
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Figure 2. Comparison of endogenous IgG levels
before intravenous immunoglobulin therapy in
myasthenia gravis patients. Grouping was based

on therapeutic effects and VNTR genotypes. The
comparison of IgG levels was performed between 12
responders (who were all VNTR3/3 genotypes) and
five non-responders. Among the non-responders,
four patients were VNTR2/3 genotypes (presented

in the third column) and one patient was VNTR3/3
(presented as the triangle on the rightmost column).
Data are shown in box-plots with the center line,
lower and upper borders of the box representing
medians, 25th and 75th percentiles of the sample.
The whiskers indicate minimal and maximal extreme
values of the sample.

VNTR, variable number tandem repeat.

related to reduced eliminations of therapeutic
monoclonal antibodies and were thought to be a
reflection of FcRn activity,3%:32 whereas no signifi-
cant difference was found in the albumin levels
regarding VNTR genotypes.?° The albumin syn-
thesis is influenced by many factors,3? and is espe-
cially affected by a decrease in food intake.3* In our
study, most patients with IgG and albumin levels
analyzed were having difficulties in swallowing.
Thus, the albumin levels may not reveal the real
effect of regulating capacities of FcRn. The influ-
ence of the VN'TR polymorphism on the albumin
levels should be assessed in patients without factors
disturbing the synthesis of albumin to confirm the role
of FcRn activity in the future. Due to the functional

consequences of varied FcRn expression, VN'TR
allelic variation could serve as a pharmacogenetic
marker, thereby affecting the catabolism of IgG
biologics. For example, in one study VNTR2/3
patients had a higher cetuximab distribution clear-
ance than VNTR3/3 patients, indicating that in
VNTR3/3 patients the drug was more efficiently
retained in peripheral tissues.3> Similarly, in a dif-
ferent study, VN'TR2/3 patients were associated
with decreased infliximab concentrations during
the induction therapy, which was linked with worse
disease outcomes.?¢ IVIG treatment efficacy was
also reduced in CVID patients with non-VNTR3/3
genotypes.!® Saturation of FcRn receptors caused
by high IgG peak concentrations, after an intrave-
nous infusion, leads to unspecific IgG clearance.3”
Importantly, VNTR3/3 patients were reported to
have superior FcRn binding capacities,!® resulting
in the extended life span of infused IgG. Our
research revealed that none of the VNTR2/3
patients responded to IVIG therapy, suggesting
that the VNTR polymorphism influenced IVIG
treatment efficacy in MG patients. The VNTR2
allele could be an indicator of reduced FcRn bind-
ing capacity and consequently diminished efficacy
of IVIG. Therefore, MG patients with the
VNTR2/3 genotype should be aware of the risk of
poor response to IVIG treatment.

Our work showed that IVIG non-responders had
lower levels of endogenous IgG before treatment.
Combined with the correlation between lower IgG
level and VN'TR2/3 genotype, and reduced expres-
sion of FcRn in VNTR2/3 heterozygosity,!® it
could be inferred that lower endogenous IgG levels
reflected the decreased binding capacities of FcRn
and indicated fast metabolism of infused IgG. In
our study, VN'TR2/3 patients with estimated lower
FcRn expression and fast IgG degradation also
experienced exacerbation. We speculate that the
production rates of pathogenic antibodies were
elevated in those patients. After VN'TR2/3 patients
took IVIG treatment, the duration of IVIG action
was shortened due to the fast elimination of IgG,
which weakened the elimination effect on the path-
ogenic antibodies, although it was not supported
experimentally in the current study. The produc-
tion rate of pathogenic antibodies could be greater
than the removal of the pathogenic antibodies by
the remaining IVIG, thus resulting in IVIG inef-
fectiveness. Also, the decreased duration of IVIG
retention also reduced the functions, including
neutralization of cytokines, inhibition of anti-idio-
type autoantibodies and binding to inhibitory
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FcyRIIb.3! Our work investigated only the differ-
ences in endogenous IgG levels between the groups
with differing response to IVIG therapy, and fell
short of investigating the IgG change of each
patient. Further research on the metabolic rate of
infused IgG is needed, specifically between patients
with varied therapeutic outcomes to IVIG treat-
ments. Efgartigimod was a promising FcRn antag-
onist, which possessed one of the therapeutic
properties of IVIG as inhibiting the IgG recycling
activity of FcRn and inducing the clearance of
pathogenic IgG autoantibodies.38:3 Patients bene-
fited from the drug as evidenced by the decreased
endogenous IgG and AChR antibody levels com-
pared with their respective baselines.4? Similarities
of the therapeutic mechanism in reducing AChR
antibody between efgartigimod and IVIG raised
the assumption that IVIG non-responders may not
respond to efgartigimod either. Taken together,
this suggests that incremental doses or repetitive
administration of IVIG, or even alternative thera-
peutic approaches altogether, may be necessary in
patients with lower endogenous IgG concentra-
tions or VN'TR2/3 genotypes.

The 61 patients were analyzed for IVIG efficacy
because they took IVIG treatment when experi-
encing exacerbation or myasthenic crisis. Patients
included for IVIG effectiveness analysis were not
from a typical MG population. Thymoma was pre-
sent in 36.1% (22/61) of the patients in our study.
A similar incidence was previously reported as
32% of patients with myasthenic crisis having thy-
moma.*! Except for the VN'TR2/3 genotype, we
found no relationship between gender, age, illness
duration, causes of exacerbations, thymoma or the
presence of AChR antibody with IVIG-resistance
(Table 3). Further analysis in patients with
VNTR3/3 revealed no correlation between clinical
characteristics as mentioned above and response to
IVIG therapy (data not shown). Therefore, the
reason for the VNTR3/3 genotype patients being
unresponsive to the initial IVIG treatment was
unclear. The percentages of Osserman class III-IV
and ADL scores were relatively higher in the non-
responder group, which indicated that there were
more non-responders experienced myasthenic cri-
sis and the disease tended to be more severe; how-
ever, our study lacked power to show statistically
significant differences. The severity and complex
pathogenesis of MG might contribute to instances
of IVIG resistance. Therapeutic responsiveness to
IVIG involves a variety of immunologic mecha-
nisms.*2 Most studies on predicting IVIG

resistance were performed in patients with
Kawasaki disease.¥> It has been proposed that
functional polymorphisms or epigenetic changes in
the coding genes of Fc gamma receptors could be
used to predict IVIG response in patients with
Kawasaki disease.** However, in a study with a
small number of MG patients, a negative correla-
tion was found between the Fc gamma receptors
polymorphisms and the treatment response,* sug-
gesting it may not be a good predictive marker.
Alternatively, numerous coding variants of inter-
leukins and relevant receptors have been associated
with IVIG resistance.4%47 Therefore, genome-wide
association studies may provide insight into risk
factors associated with IVIG treatment resistance
in MG patients.*® Similarly, serum cytokine pro-
files may prove helpful in predicting poor response
to IVIG, as post-IVIG levels of IL-6 and IL-10
were found to be significantly higher in non-
responders than in responders in patients with
Kawasaki disease.®® Nevertheless, further investi-
gation is required to establish a risk scoring system
or a new algorithm model based on genetic and
non-genetic biomarkers that can predict IVIG
treatment resistance in MG patients.

Our study was a retrospective study and has the
following limitations. (1) The endogenous IgG
level was acquirable from only one non-responder
with VN'TR3/3 genotype, and a critical compari-
son of IgG levels between non-responders with
different VNTR genotypes was not performed
due to the small sample size and restricted data.
(2) We did not test the binding capacities of FcRn
in our patients and the varied expression quanti-
ties of FcRn among different genotypes were
unknown. (3) The ADL scores were assessed
according to medical records or telephone follow-
up interviews in some patients. Quantitative MG
scores and MG-composite scores were not avail-
able from all patients. There was a lack of rela-
tively objective evaluation for therapeutic
outcomes for analysis. (4) Most patients did not
measure IgG levels after IVIG infusion, and the
data on IgG level changes were not collected at
the time. (5) Moreover, the pathological autoan-
tibody titers needed to be traced before and after
the IVIG treatment to verify the associations
between the decline rates of autoantibodies with
VNTR genotypes and IVIG efficacy. Our work
provides an observation that VN'TR2/3 patients
are associated with lower IgG levels and possibly
fast IgG catabolism, which consequently results
in shortened retention of IVIG and reduced
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efficacy thereafter. In the future, a well-designed
prospective study is needed to further investigate
the relationship between VNTR genotypes and
IVIG efficacy by studying the real effect of the
genotypes on IVIG catabolism rates and the elim-
ination of pathological autoantibodies.

In conclusion, our results showed that in MG
patients, the VNTR2/3 genotype was associated
with lower endogenous IgG levels and a dimin-
ished response to IVIG treatment, which sug-
gested that the VNTR2/3 genotype, as well as
decreased endogenous IgG levels, may serve as a
predictive indicator of IVIG non-responsiveness
in MG patients.
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