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INTRODUCTION

Botulinum toxin is one of the most common non-surgical thera-
peutic agents in plastic surgery [1]. The most commonly used 
botulinum toxin product is botulinum toxin type A, which is 
the first introduced and most widely known toxin serotype ap-
proved for cosmetic and clinical purposes [2]. The botulinum 
toxin type A products used in Korea are onabotulinumtoxin A 
(Botox; Allergan Inc., Dublin, Ireland), abobotulinumtoxin A 
(Dysport; Ipsen Ltd., Wrexham, UK), incobotulinumtoxin A 
(Xeomin; Merz Pharmaceuticals GmbH, Frankfurt am Main, 
Germany), and BTXA (Lanzhou Institute of Biological Prod-
ucts, Chengguan, China). Among these, onabotulinumtoxin A 
(Botox) was first approved for commercialization in 2002 and 
targeted glabellar frown lines [3]. Other products currently ap-
proved by the Ministry of Food and Drug Safety in South Korea 
include Botulax (Hugel, Seoul, Korea), Nabota (Daewoong 
Pharmaceutical Co. Ltd., Seoul, Korea), Liztox (Huons Global, 

Seongnam, Korea), and Wondertox (Chong Kun Dang Phar-
maceutical Co., Seoul, Korea), Babitox (Humedix Co., Seong-
nam, Korea), Rientox (PharmaResearch Bio Co., Gangneung, 
Korea), Hitox (BMI Korea, Uiwang, Korea), and Bienox (BNC 
Korea, Daegu, Korea) for export purposes. In addition, the only 
product using botulinum toxin type B is rimabotulinumtoxin B 
(Myobloc; Solstice Neurosciences Inc., South San Francisco, 
CA, USA; also called NeuroBloc). However, it is currently not 
approved for cosmetic purposes because of the limited research 
on serotype B [3].

Botulinum toxin works in four areas: the neuromuscular junc-
tion, autonomic ganglia, postganglionic parasympathetic nerve 
endings, and sympathetic nerve endings [4]. It weakens striated 
muscle by interfering with the transmission of alpha motor neu-
rons at the neuromuscular junction [3]. Moreover, it also inhib-
its the secretion of acetylcholine in parasympathetic and cholin-
ergic postganglionic sympathetic neurons. Thus, it acts as a po-
tential treatment for overactive smooth muscles and abnormally 
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active glands [5]. 
Based on these characteristics, botulinum toxin has been used 

in cosmetic and clinical fields. In the cosmetic field, it is general-
ly applied to glabellar frown lines, crow’s feet, and transverse 
lines of the forehead [6-12]. Its use in the clinical field was first 
described for strabismus by Scott in 1977, and it was then used 
to treat blepharospasm in the early 1980s [13-16]. Botulinum 
toxin is used medically in movement disorders (spasticity, cervi-
cal dystonia, anal fissures, upper extremity dystonia, tremors, 
and adductor laryngeal dystonia), urological disorders (overac-
tive bladder and urinary incontinence), dermatological condi-
tions (axillary and palm hyperhidrosis), and for pain treatment 
in myofascial pain syndrome [17-22]. However, these diseases 
requiring botulinum toxin treatment mainly have a chronic 
course, and muscle weakness due to botulinum toxin injection 
has a duration of approximately 3 months. Therefore, most pa-
tients require repetitive toxin injections [3,17]. Tolerance oc-
curs in patients who receive repeated botulinum toxin treat-
ment, with treatment failure induced by the immune reaction. 
Therefore, based on the structural characteristics of botulinum 
toxin, we reviewed treatment failure related to immunogenicity.

STRUCTURAL CHARACTERISTICS 
OF BOTULINUM TOXIN

Botulinum toxin is a protein derived from a bacterium known as 
Clostridium botulinum, an anaerobic, spore-forming, and rod-
shaped bacterium [17]. Active botulinum toxin is a high-molec-
ular-weight complex composed of 150 kD core neurotoxins and 
900 kD complexing proteins, which are known as neurotoxin-
associated proteins [23,24]. 

The core neurotoxin is synthesized as a single polypeptide 
chain and linked by a disulfide bond, resulting in a bi-chain mol-
ecule consisting of a heavy and a light chain [25]. It is attached 

to the presynaptic membrane before acetylcholine is secreted 
into the synaptic cleft, thereby preventing the secretion of ace-
tylcholine neurotransmitters at the neuromuscular junction 
[26-29]. This disruption of acetylcholine exocytosis interferes 
with the synaptic neural transmission of cholinergic-innervated 
structures in smooth muscles and other exocrine glands along 
with striated muscles [30]. Only core neurotoxins have thera-
peutic effects [17]. 

The complexing proteins are divided into hemagglutinin (HA) 
and non-toxic protein and non-hemagglutinin (NTNHA) pro-
teins depending on the presence of HA activity [30-33]. The 
three HA proteins are HA1 ( = HA-33), HA2 ( = HA-17), and 
HA3 ( = HA-70), and HA3 is divided into HA3a and HA3b 
[34]. Among these, HA-1 (HA-33), which is the largest compo-
nent of the complexing proteins, is known to be the most impor-
tant protein for the immunogenicity of botulinum toxin [17].

Botulinum toxin is classified into eight serotypes (A, B, C1, 
C2, D, E, F, and G) based on its immunological characteristics 
[3]. Type A is the most potent protein, followed by B and F tox-
ins, and A, B, and E are types related to systemic botulism in hu-
mans [35]. Of these, only types A and B have been commercial-
ized for clinical use [32]. In these botulinum toxin serotypes, 
neurotoxins form a toxin complex by non-covalent binding to a 
complexing protein [34,36].

MOST COMMONLY USED 
BOTULINUM TOXIN TYPE A 
PRODUCTS 
Most commercial products have the same botulinum toxin se-
rotype; however, various preparations are made that differ in 
terms of their composition, the concentration of neurotoxins, 
and the size of the complexing proteins (Table 1) [37].

The three most common botulinum toxin type A products are 

Table 1. Products containing botulinum toxin 

Product name Alternative name Company Serotype Form Storage

Botox Onabotulinum A Allergan Inc. Type A Powder 2°C to 8°C, 36 months
Dysport Abobotulinum A Ipsen Ltd. Type A Powder 2°C to 8°C, 24 months

Reloxin
Azzalure

Xeomin Incobotulinum A Merz Pharmaceuticals Type A Powder –20°C to 25°C, 36 months
Biocouture

BTXA CBTX-A Lanzhou Institute of Biological Products Type A Powder –20°C to –5°C, 36 months
Prosigne
Lantox
Redux

Myobloc Rimabotulinum B Solstice Neurosciences Type B Solution 2°C to 8°C, 36 months
Neurobloc

Botulax Letibotulinum A Hugel Type A Powder 2°C to 8°C, 36 months
Nabota Prabotulinum A Daewoong Pharmaceutical Co., Ltd. Type A Powder 2°C to 8°C, 36 months
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onabotulinumtoxin (Botox), abobotulinumtoxin (Dysport), 
and incobotulinumtoxin A (Xeomin). When comparing the 
clinical effects of these three types, onabotulinumtoxin and in-
cobotulinum toxins are known to have a conversion ratio of 1:1 
[38-40]. In addition, a conversion ratio of 1:2-3 was reported 
for onabotulinumtoxin and abobotulinumtoxin [38]. 

These three types of botulinum toxin type A products have 
similar mechanisms of action, but different manufacturing pro-
cesses and complexing proteins; therefore, they have different 
molecular weights and three-dimensional structures [31,41]. 
Unlike onabotulinumtoxin and abobotulinumtoxin, incobotu-
linumtoxin is composed of only neurotoxins without complex-
ing proteins [42]. However, since only neurotoxins affect the 
body clinically, these other structures do not affect the botuli-
num toxin. There is also no difference in diffusion to the target 
tissue because neurotoxins are already separated from the com-
plexing proteins as they are reconstituted in the vial [43]. How-
ever, various botulinum toxin products induce different host 
immune responses [44].

IMMUNE RESPONSE RELATED TO 
COMPLEXING PROTEINS

Complexing proteins play a role in stabilizing and protecting 
core neurotoxins [30]. However, their role in the preparation of 
botulinum toxin is currently unclear. Three hypotheses have 
been proposed to explain complexing proteins. 

First, it was established that complexing proteins protect botu-
linum toxin in the gastrointestinal tract [45]. Biochemical analy-
ses have reported that this protection manifests as protease re-
sistance in other toxin types [46]. However, therapeutically, 
botulinum toxin type A is not delivered orally; thus, the com-
plexing proteins’ protective role against gastric acidity is not 
clinically relevant [47].

Second, complexing proteins stabilize biological activity dur-
ing the pre-use period of neurotoxins and help bind to muscles 
when used [48]. However, the stability of incobotulinumtoxin 
A (Xeomin), which does not contain a complexing protein, has 
been found in long-term storage studies [47,49]. 

Third, the complexing protein is large, thereby limiting the dif-
fusion of botulinum toxin from the target tissue [50]. However, 
previous in vivo and radiolabeling studies found no differences 
in the spread after injection between various botulinum toxin 
type A preparations [51,52]. 

Instead, complexing proteins are known to be involved in im-
munostimulation as potential stimulating factors for immune 
cells [53]. In this regard, it has been established that complexing 
proteins are related to the interleukin (IL)-6 pathway and stimu-

late an immune response by inducing the secretion of inflamma-
tory cytokines [32]. This is remarkable since an increase in 
transforming growth factor-beta 1, an inflammation-related 
marker, is observed with IL-6 after intramuscular injections of 
botulinum toxin [54,55]. According to previous studies of hu-
man neuroblastoma cells, the botulinum toxin product with 
complexing protein acts on lymphoblasts and fibroblasts in ad-
dition to neuronal cells and stimulates the release of multiple in-
flammatory cytokines [56]. 

 

GENERATION OF NEUTRALIZING 
ANTIBODIES

Immunogenicity refers to antibody formation by protein prod-
ucts, and botulinum toxin is not exempt from this phenomenon 
[44]. The proteins in botulinum toxin act as antigens, causing 
an immune response that stimulates the formation of antibodies 
[44]. Antibodies that block the effect of botulinum toxin are 
called neutralizing (blocking) antibodies, which are related to 
only the neurotoxin [17]. Instead, antibodies that do not have 
clinically relevant effects are called on-neutralizing antibodies, 
and these are related to complexing proteins [17].

Antigenicity depends on the amount of protein; hence, a high 
amount of protein in a botulinum toxin formulation increases 
the formation of neutralizing antibodies [57-59]. In this regard, 
the antigenic protein load, which considers the amount of neu-
rotoxin and complexing protein, rather than only the neurotoxin 
protein amount, is reflected in the generation of neutralizing an-
tibodies [32]. This means that the presence of complexing pro-
teins of botulinum toxin increases the antigenic protein load and 
is a risk factor for the formulation of neutralizing antibodies 
[47], which leads to treatment failure [24].

ADVERSE RESPONSES ASSOCIATED 
WITH COMPLEXING PROTEINS

Treatment failure (non-response) reflects the patient’s and/or 
the physician’s lack of satisfaction with the outcome of treat-
ment, implying that the treatment is partially or completely inef-
fective [17]. 

Treatment failure is classified as primary and secondary [17]. 
Primary failure is defined as less than a 25% response despite an 
increase in dose or 2-3 trials of injections [27]. This can be 
caused by low sensitivity to botulinum toxin, misdiagnosis, an 
insufficient dose, and incorrect injection into other muscles 
[60]. Secondary failure is observed when the toxin is effective at 
the first injection but has no effect afterward. This is due to the 
placebo effect or deterioration of the disease, indicating a poor 
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prognosis [17]. The presence of neutralizing antibodies and im-
munogenic proteins is another important factor [61].

The injection session dose, injection interval, cumulative dose, 
number of injections, previous injection history, and botulinum 
toxin formulation may affect immunogenicity as treatment-re-
lated causes of the immune response [44,62,63]. Specifically, 
single and cumulative doses of treatment and botulinum toxin 
formulation have been reported to induce the development of 
neutralizing antibodies [62]. In a comparison of the three most 
common botulinum toxins of serotype A, it was reported that 
abobotulinumtoxin was associated with the most development 
of neutralizing antibodies, followed by incobotulinumtoxin, and 
onabotulinumtoxin was associated with the lowest incidence 
[64].

Hypersensitivity might also occur as a rare adverse event after 
botulinum toxin injection [65]. This event is inferred to be 
caused by a protein component formed by a combination of a 
complexing protein and a gelatin component used as a pharma-
ceutical solvent in botulinum toxin preparation [65]. Further, 
immunoglobulin E-mediated anaphylaxis has been reported af-
ter botulinum toxin injection [66]. 

However, lower doses are generally used for aesthetic indica-
tions than for therapeutic indications, and a pivotal clinical 
study on aesthetic indication reported no treatment failure due 
to antibody development [67,68]. 

ATTEMPTS TO PREVENT AND 
OVERCOME TREATMENT FAILURE

Previous attempts to prevent and overcome antibody-induced 
treatment failure have yielded limited results. The cause of treat-
ment failure has not been identified; however, it can be ex-
plained by an increase in the antibody response [69]. 

To overcome treatment failure, attempts have been made to 
replace the serotype of botulinum toxin with other types, al-
though the results are limited. The formation of antibodies 
against botulinum toxin is sero-specific [27]. However, when 
type B was injected in patients with cervical dystonia resistant to 
botulinum toxin type A, most of them showed a temporary ef-
fect but eventually experienced treatment failure [70]. Further-
more, cross-reactivity between the two toxin serotypes resulted 
in rapid immune resistance [69]. Plasmapheresis or intravenous 
immunoglobulin can also remove neutralizing antibodies; how-
ever, these treatments incur high risks and costs [60,71].

Therefore, to reduce antigen occurrence, a product with a low 
risk of antigenicity should be selected. To minimize the risk of 
neutralizing antibody formation, it is recommended to use the 
product at the minimum dose, avoid additional booster injec-

tions, reduce the single injection dose, and perform injections at 
intervals of at least 3 months [44,62]. 

TOOLS TO DETECT NEUTRALIZING 
ANTIBODIES 

Accurate detection of neutralizing antibodies is important for 
detecting treatment failure. When the treatment effect of botuli-
num toxin diminishes, the formation of neutralizing antibodies 
is suspected after excluding other causes of treatment failure. 
Similarly, laboratory assays are required to detect antibodies. 

Laboratory assays can be divided into structural assays and 
bioassays. Structural assays, such as enzyme-linked immunosor-
bent assays, fluorescence immunoassays, and immunoprecipita-
tion assays, are sensitive for antibody detection and are mainly 
used as screening tests [17,33]. However, these methods cannot 
differentiate between neutralizing and non-neutralizing anti-
bodies. Therefore, bioassays such as the mouse protection assay 
(MPA) and mouse hemidiaphragm assay (MHDA) are used to 
identify neutralizing antibodies in animals. The MPA may not 
be an ideal assay because it requires animal sacrifice in clinical 
use, takes a substantial amount of time, is expensive, and re-
quires a specialized laboratory [33,60]. In addition, the MPA 
has 100% specificity, but its sensitivity is relatively low (less than 
50%) [72]. On the contrary, MHDA has high sensitivity, re-
quires fewer animals, and requires less cost and time. However, 
it has a disadvantage in predicting treatment failure because the 
number of false positives may also be high due to its high sensi-
tivity [33,60].

Clinical tests are becoming easier to implement. The unilateral 
brow injection test is a valuable method of screening for treat-
ment failure [27]. Similarly, the frontalis antibody test is used to 
measure the asymmetry of forehead wrinkles through injection 
into the frontalis muscle [72]. The extensor digitorum brevis 
test to check the action potential of extensor digitorum brevis 
muscles, the sternocleidomastoid muscle test to check the maxi-
mal contraction of the sternocleidomastoid muscle, and the 
ninhydrin sweat test to check sweat production are also being 
used [73-75].

CONCLUSION

Treatment with botulinum toxin requires repeated injections in 
various cosmetic and clinical settings. An important cause of 
secondary treatment failure is the immune response caused by 
the occurrence of neutralizing antibodies. Therefore, based on 
these findings, there is a need for new botulinum toxin products 
with a lower antigenic protein load to reduce the formation of 
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neutralizing antibodies that can be applied in minimal amounts 
without frequent injections to minimize factors related to im-
munogenicity. In addition, the development of an ideal tool that 
can detect neutralizing antibodies easily and accurately is re-
quired.
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