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Abstract

Immunoinflammatory skin diseases are characterized by an imbalance in immune homeostasis, and their chronic inflamma-
tory processes involve a complex regulatory network of CD4" T cell differentiation. With the widespread use of biologics (e.g.,
interleukin-17/interleukin-23 inhibitors) in psoriasis, atopic dermatitis, and other diseases, the adverse effects triggered by the
phenomenon of CD4" T cell-mediated immune drift have attracted significant attention, with the skin being the primary target
as an immune organ. In this paper, we provide a review of the clinical features of the skin and the mechanisms of immune drift
caused by different types of biologics, as well as the therapeutic modalities.

Introduction

The immune system plays a variety of important roles in a healthy
body, including immune defense, immune surveillance, immune
self-stabilization, and immune memory. These functions work to-
gether to maintain the health and stability of the body, enabling it
to resist attacks from various pathogens and maintain the balance
of the internal environment. As a core component of the immune
system, lymphocytes play a crucial role in maintaining human
health, fending off pathogen invasion, and fighting tumors. T-lym-
phocytes are a group of cells capable of regulating the immune
function of the body, and the CD4" T-cell subpopulation is an im-
portant component of T-lymphocytes, playing a crucial role in the
immune system. CD4" T cell subsets are capable of producing a
variety of cytokines that regulate the body’s immune response to
various antigens. Depending on the cytokines they secrete, CD4"
T cells can be categorized into subpopulations such as Thl, Th2,
Th17, follicular helper T cells (Th cells), and regulatory T cells
(Treg cells).

Immunoinflammatory diseases are a group of chronic diseases
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with a high degree of heterogeneity, resulting from an inflammato-
ry cascade response triggered by immune-mediated inflammation
leading to multiple tissue and organ involvement.! The pathogene-
sis of these diseases is complex and involves multiple components
of the immune system, with inflammation being a central feature
throughout the pathogenesis and clinical manifestations of many
diseases.

The pathogenesis of CD4" T-lymphocyte-associated immune-
inflammatory skin diseases centers on imbalances in immune
subpopulations and abnormalities in inflammatory pathways. For
example, in psoriasis, which is mainly driven by a Th17/Treg im-
balance, activation of the interleukin (IL)-23/STAT3 axis leads to
keratinocyte overproliferation. In atopic dermatitis, which is domi-
nated by a Th2-type response, IL-4/IL-13 disrupts the skin barrier
and activates Th17/Th22 for synergistic inflammation. These dis-
cases reflect the aberrant differentiation of CD4" T-cell subpopula-
tions and the disturbances in cytokine networks (IL-17/IL-23/IL-4,
etc.),2 which provide key intervention targets for targeted biologics
and immunomodulatory therapies.

Biologics have dramatically improved the treatment of a wide
range of immune-inflammatory skin diseases by precisely modu-
lating the immune response. Common biologics include tumor
necrosis factor-a (TNF-a) inhibitors, IL-17 inhibitors, Th-12/23
inhibitors, and 1L-4/13 inhibitors. These biologics are biologically
prepared drugs that can specifically recognize and neutralize target
molecules, intervene in relevant signaling pathways by binding to
their receptors, or indirectly block immune differentiation and sub-
sequent inflammatory cascades mediated by relevant cytokines,
thereby providing better therapeutic effects for patients.
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However, many studies have reported adverse skin reactions
during treatment with biologics, such as psoriasis-like lesions, ec-
zema-like lesions, and pemphigus herpetiformis. These are mostly
associated with CD4* T-lymphocyte-mediated immune drift due
to the use of biologics. Adverse skin reactions exacerbate patient
suffering, increase treatment costs, and place tremendous pressure
on social healthcare resources and economic productivity. With the
increasing popularity and application of biologics, the incidence
of such adverse reactions has correspondingly risen.®* If not man-
aged and regulated, these reactions may lead to a public health cri-
sis, reduced treatment adherence, and a decrease in disease control
as patients refuse to use biologics due to concerns about dermal
toxicity. This may even delay the approval and marketing of novel
biologics.

The aim of this study was to elucidate the mechanisms by which
biologics-induced shifts in CD4" T-cell subsets lead to specific cu-
taneous adverse reactions. We aimed to provide a review of cu-
taneous adverse reactions caused by immune drift due to the use
of biologics in the treatment of immune-mediated inflammatory
diseases through a literature search. Mechanisms are analyzed
with the aim of advancing precision medicine, identifying patient-
specific immune subpopulation imbalance patterns, and develop-
ing individualized intervention protocols. We attempt to provide a
theoretical basis for the optimization of cytokine network targeting
in the future and the reduction of compensatory immune drift trig-
gered by single-pathway inhibition. By revealing the double-edged
sword effect of biologics, we hope to promote the innovation of
precision medicine and dynamic monitoring systems to provide
better treatment for patients.

Biological agents that induce immune drift and their possible
mechanisms

Immune drift is closely related to the mechanism of action of bio-
logics, which may directly and/or indirectly affect the key factors
of CD4* T-cell differentiation by modulating the production of
cytokines, leading to an imbalance between Th1/Th17 and Th2.5
Changes in cytokine levels may result in the appearance of a skin
reaction or a shift in the type of disease in the skin. For example,
TNF-o inhibitors may inhibit the production of Thl cytokines,
leading to a relative increase in Th2 cytokines, which can alter the
direction of CD4" T-cell differentiation, ultimately resulting in im-
mune drift and the development of skin disorders such as eczema
and atopic dermatitis, which are characterized by predominantly
Th2-type inflammation. The term “immune drift” has not been of-
ficially defined, and related concepts include Th cell polarization
and phenotypic switching. Th cell polarization is a key process in
the regulation of the immune response, where specific cytokines
promote the differentiation of ThO into various Th cell subpopula-
tions.® Phenotypic switching is the process by which cells switch
between multiple cellular morphologies.” The skin has been re-
ported numerous times as a target organ for immune drift, with
eczema-like skin lesions and psoriasis-like skin lesions being the
most common skin manifestations. Immune drift occurs not only
in the treatment of dermatologic diseases but may also occur in
the treatment of other classes of immune-mediated inflammatory
diseases using such biologics. The following is a review of such
biologics and their possible mechanisms.

TNF-a inhibitors

TNF-a is a pro-inflammatory cytokine involved in various physi-
ological processes, including inflammation, cell proliferation, dif-
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ferentiation, and apoptosis.® It has been implicated in the patho-
genesis of chronic inflammatory diseases (e.g., inflammatory
bowel disease, Crohn’s disease, and ulcerative colitis), as well as
rheumatic and dermatologic disorders (e.g., rheumatoid arthri-
tis, ankylosing spondylitis, psoriasis, and psoriatic arthritis). The
mechanism of action of TNF-a inhibitors is to block the biological
effects of TNF-a by binding to TNF-o and/or its receptor, acti-
vating the complement system, and killing or destroying TNF-o-
secreting cells.®? Currently, etanercept, infliximab, and adalimum-
ab are commonly used in clinical practice.

It has been shown that the incidence of eczema-like lesions
in patients receiving TNF-a inhibitors for the treatment of non-
dermatologic conditions ranges from 2-20%.19 The incidence of
eczema-like lesions due to TNF-a inhibitors is lower in patients
with psoriasis (about 1-6%).!" In a statistical review of adverse re-
actions in the treatment of psoriasis with TNF-a inhibitors, eczema
was observed in nearly 90 patients.!! A 64-year-old female patient
with psoriasis reportedly developed eczema-like changes on her
hands during treatment with adalimumab.!? In addition to derma-
tologic disorders, adverse skin reactions due to immune drift have
been observed in the use of these biologics in the treatment of other
types of immune-mediated inflammatory diseases. Cleynen et al.'?
conducted a retrospective cohort study and found that 23.5% of
patients with inflammatory bowel disease developed eczema af-
ter initiating TNF-a inhibitors. An eczema-like reaction occurred
in 36.2% of 175 IBD patients treated with TNF-q inhibitors.!* A
14-year-old girl diagnosed with Crohn’s disease developed skin
lesions on both upper extremities and neck after two months of
treatment with adalimumab, which was clinically diagnosed as at-
opic dermatitis.'?

When using TNF-a inhibitors to treat psoriasis with predomi-
nantly Thl-type inflammation, blocking the Thl pathway may
lead to an immune imbalance and the emergence of eczema and
atopic dermatitis with predominantly Th2-type inflammation. This
is due to the weakening of the inhibition of Th2 cells by Th1 cells,
leading to the activation and gradual predominance of Th2 cells.
This shifts the immune balance toward Th2, increasing the activ-
ity of the Th2 pathway associated with eczema, atopic dermatitis,
and other diseases.!> In contrast, eczema-like lesions have been
observed in the treatment of other autoimmune diseases, such as
inflammatory bowel disease, with TNF-a inhibitors. Relevant tests
performed on patients with eczema-like lesions revealed upregula-
tion of the Th2-associated cytokines IL-13 and IL-5.'° This sug-
gests that immune drift can also occur as a result of inhibiting the
expression of the Th1 pathway, the main TNF-a secreting pathway,
when using TNF-a inhibitors to treat other diseases, thereby allow-
ing increased activation of Th2 cells.

IL-17 inhibitors

IL-17A belongs to the IL-17 family, which plays an important role
in the inflammatory response in autoimmune diseases such as pso-
riasis, inflammatory bowel disease, and systemic lupus erythema-
tosus. IL-17A inhibitors bind IL-17A highly selectively, block its
interaction with the receptor, inhibit its downstream pathway, and
target and rapidly alleviate inflammatory responses.!”!8 Currently,
there are two drugs commonly used in the market to target IL-17A:
stavudine and ezekizumab. Eczema-like, atopic dermatitis-like le-
sions, as well as herpetic pemphigoid, have been documented in
patients using these biologics both domestically and internation-
ally.

In the treatment of psoriasis patients with anti-IL-17A drugs,
about 2.2-12.1% of patients experienced eczema-like skin le-
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sion flare-ups. Pathology showed that these lesions were consist-
ent with the features of eczema or atopic dermatitis.!®?" A case
of extensive pustular psoriasis combined with asthma has been
reported, with associated eczematous manifestations after treat-
ment with TL-17A inhibitors.2! Mi et al.?? reported two patients
who developed eczema due to the use of secukinumab, with re-
current erythema, papules, and oozing at different sites, which se-
verely affected the patients’ quality of life. Another report by He
et al.? described the development of foot and back eczema after
24 weeks of using scuccizumab for the treatment of nail psoriasis.
Biclizumab is indicated for adult patients with moderate to severe
plaque psoriasis, and a 62-year-old female patient with psoriasis
developed eczema-like dermatitis after two months of treatment
with biclizumab.* An eczematous reaction was found in 7.0% of
patients with moderate-to-severe psoriasis treated with biclizumab
in a 52-week prospective study.?*

There are several mechanisms by which IL-17 inhibitors trigger
immune drift. The first of these may be suppression of the Thl/
Th17 phenotype, shifting the immune balance toward the Th2 phe-
notype, which can lead to the development of eczema or atopic
dermatitis. This idea is supported by the successful use of the IL-
4/13 inhibitor dupilumab to clear eczema-like lesions induced by
ixekizumab.?> Moreover, a history of previous atopic dermatitis,
cosinophilia, and elevated serum immunoglobulin E (IgE) may be
risk factors for the development of eczematoid reactions.!! In ad-
dition, the high expression of IL-22 found in such patients who de-
velop eczematous conditions suggests that IL-17 inhibitor-induced
eczema may be secondary to the blockade of IL-17A activity by
stauroschizumab and ezekizumab, resulting in an imbalance of
the Th2/Th22 response.?® On the other hand, inhibition of IL-17
impairs skin barrier function, and reduced production of antimi-
crobial peptides by keratinocytes leads to colonization by Staphy-
lococcus aureus,?’ which plays an important role in eczema and in
Th2-type inflammatory responses such as atopic dermatitis.?

Selective blockade of IL-17A leads to IL-17C overexpression.
IL-17C has been shown to be associated with Th2-driven skin in-
flammation, such as eczema and atopic dermatitis.?’ Chang et al.>
reported a case in which, during the treatment of severe psoriasis
with sterculizumab, erythema, blisters, and maculopapular blisters
appeared on the patient’s trunk and extremities after three injec-
tions, with markedly aggravated itching. The diagnosis was bul-
lous pemphigoid. Cui et al.3! also reported the diagnosis of bullous
pemphigoid after the second injection of secukinumab, 4 months
after the diagnosis of psoriasis, which resulted in the appearance of
numerous erythematous plaques and blisters on the skin. Bullous
pemphigoid is an autoimmune skin disease, predominantly a Th2
response with infiltration of eosinophils and neutrophils. It has
been suggested that during the application of skuticosumab, the
balance between the Th17/Th2 response was altered, potentially
shifting from Th17 dominance to Th2 dominance, thereby trigger-
ing the development of bullous pemphigoid.

Th-12/23 inhibitors

Ustekinumab is the world’s first monoclonal antibody with dual-
targeted antagonism against IL-12/23, which inhibits the common
p40 subunit of 1L-12/23, blocking Thl and Th17 differentiation
and subsequent inflammatory responses mediated by IL-12 and
IL-23. There are few reports of immune drift during treatment
with ustekinumab. A male patient with a 19-year history of psoria-
sis developed numerous symptoms of itching and chronic eczema
during treatment with ustekinumab. He was diagnosed with atopic
dermatitis with elevated IgE, and the symptoms of atopic derma-
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titis resolved rapidly after discontinuation of treatment.?? Another
39-year-old Japanese female psoriasis patient with a history of
atopic dermatitis and elevated blood IgE was treated with usteki-
numab, which resulted in significant relief of psoriasis symptoms
but worsening of atopic dermatitis symptoms.? Guselkumab is a
monoclonal antibody against IL-23 that selectively binds to IL-
23 and inhibits its activity, thereby blocking the IL -23-dependent
signaling pathway and reducing the inflammatory response. It has
been indicated for adult patients with moderate to severe plaque
psoriasis, with eczema also being a common adverse effect.’3

The possible mechanism by which Th-12/23 inhibitors cause
immune drift is that they block Th1 and Th17 differentiation medi-
ated by IL-12 and IL-23 by inhibiting the p40 subunit, which may
lead to dysfunction of IL-17. IL-17 has a protective role in skin
barrier function, and its inhibition can result in Th2 dominance. In
addition, the inhibition of the Th1 pathway by blocking IL-12 may
cause an immune imbalance favoring the Th2 pathway, ultimately
leading to immune drift. It has also been suggested that ursinum-
ab acts as a TNF-a inhibitor, which may contribution to immune
drift.3* Furthermore, elevated serum IgE levels, resulting from
overreaction of Th2 cells, may mediate involvement in diseases
such as eczema and atopic dermatitis. Therefore, treatment with
ursinumab may exacerbate eczema or atopic dermatitis in patients
with a history of Th2-type inflammatory diseases or high serum
IgE levels, making them potentially inappropriate candidates for
ursinumab treatment.3?

IL-4/13 inhibitors

Dupliyuzumab is a fully human monoclonal antibody that specifi-
cally binds to the a-chain subunit shared by the IL-4 and IL-13
receptors, thereby inhibiting IL-4 and IL-13 signaling. It has not
only shown good therapeutic efficacy but also excellent toler-
ability after being marketed.’> As early as 2018, a case of atopic
dermatitis was reported in which the lesions continued to worsen
and involved most of the skin after treatment with dupliyuzumab,
which was diagnosed as suggestive of erythrodermic psoriasis.
Psoriasis was also reported in 43 patients with atopic dermatitis
using dupliyuzumab, with varying extents of skin lesions.3” Sub-
sequently, Paumier reported that a male patient with atopic derma-
titis since childhood, who was treated with duprizumab for eight
weeks, developed new scattered red scaly papules on the trunk.
Histopathological examination of the lesions showed keratosis
imperfecta, hyperkeratosis, hypertrophy of the stratum spinosum,
and capillary dilatation of the upper part of the dermis, which, in
combination with the clinical presentation, suggested that the new
lesions were plaque-type psoriasis.’® Additionally, a 66-year-old
woman diagnosed with atopic dermatitis, who began treatment
with dupilumab (300 mg every two weeks), was diagnosed with
plaque psoriasis after two years of treatment, with the develop-
ment of widespread, well-demarcated erythematous plaques.®® A
51-year-old man diagnosed with atopic dermatitis, treated with
dupliyuzumab for three years, developed diffuse erythematous
squamous plaques mainly confined to the buttocks and lower ex-
tremities, including hand involvement, and was diagnosed with
psoriasis after a pathological biopsy.*

In addition to the induction or exacerbation of psoriasis in the
treatment of atopic dermatitis, duplizumab has also been reported
to induce psoriasis in the treatment of asthma.*? In another case, af-
ter 48 weeks of treatment for atopic dermatitis with dupliyuzumab,
the patient developed bilateral shoulder pain, elevated CRP and
ESR, morning stiffness, and limited hip motion, which was clini-
cally considered to be rheumatic polymyalgia rheumatica. The im-
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Table 1. Biological agents and their corresponding immune drift phenomena

Class of drugs Target point Typical lesions Reference
TNF-a inhibitors TNF-a Eczema-like lesions 11-14

IL-17 inhibitor IL-17A Eczema-like lesions; atopic dermatitis; herpetic pemphigoid  19,21-24,29,31
Th-12/23 inhibitor p40 subunit Eczema-like lesions; atopic dermatitis 32,33

IL-4/13 inhibitor IL-4Ra Psoriasiform lesions; polymyalgia rheumatica 36-39,41
PD-1/PD-L1 inhibitors  PD-1 and PD-L1 molecules Psoriasiform lesions 43-45

IL, interleukin; PD-1, programmed death-1; PD-L1, programmed death-ligand 1; TNF-a, tumor necrosis factor-a.

mune mechanism of polymyalgia rheumatica pathogenesis is re-
lated to the proliferation of T helper cells polarized toward Th17,
and it is considered that the immune drift triggered by the use of
biological agents leads to the emergence of a Th17 phenotype.*!
A 17-year-old patient with atopic dermatitis was diagnosed with
ulcerative colitis after developing intermittent abdominal pain and
diarrhea following treatment with duplizumab.*? The onset of ul-
cerative colitis is associated with Thl cell hyperfunction and the
secretion of large amounts of pro-inflammatory cytokines.

Dupliyuzumab acts as an antibody to IL-4 and IL-13 and may
block the Th2 response while amplifying the Th1/Th17 pathway
by targeting the IL-4/IL-13 signaling pathway. Under specific
immune states, dulpolyumab may promote a shift in the immune
response, causing a shift from a Th2 to a Th1/Th17 phenotype, ul-
timately leading to immune drift and the development of psoriatic
lesions.

Programmed death-1 (PD-1)/programmed death-ligand 1 (PD-
L1) inhibitors

Biological agents are the most common cause of immune drift. In
addition to tumor PD-1 immunomarker inhibitors, they can also
cause adverse skin reactions due to the occurrence of immune drift.

The development of psoriasis after treatment with immune
checkpoint inhibitors, such as anti-PD-1/PD-L1, in tumor patients
is one of the most common cutaneous side effects and has a high
prevalence.*3 Anti-PD-1/PD-L1 therapy enhances anti-tumor im-
mune responses by blocking the immune checkpoint pathway, but
it may also trigger immune drift.** The mechanism of action of
anti-PD-1/PD-L1 therapy activates T cells, releasing interferon-y
to disrupt epidermal homeostasis, and may inhibit Th2 cell dif-
ferentiation. The release of IL-12 by a subpopulation of dendritic
cells within the tumor leads to psoriasis or psoriasiform skin le-
sions.*> Additionally, tumor-associated macrophages with high
PD-L1 expression tend to be M2-type polarized and secrete IL-10
and TGF-p to inhibit anti-tumor immunity. After PD-1 blockade,
the increase in M1-type macrophages may release excessive in-
flammatory factors (e.g., TNF-a)), which indirectly promote Th17
expansion, leading to immune drift and skin lesions.*

Summary and novel treatments

Immunoinflammatory dermatoses include psoriasis, atopic derma-
titis, herpetic pemphigoid, lichen planus, systemic lupus erythe-
matosus, and pharmacologic dermatitis (e.g., immune checkpoint
inhibitor-associated dermatitis), among others. Imbalances in the
ratio or abnormal functioning of Th1, Th2, Th17, and Treg cells
are the core drivers of immunoinflammatory dermatoses. Key
cytokines such as IL-17, IL-23, IL-4, and others amplify the in-
flammatory response by activating keratinocytes, fibroblasts, or B
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cells.*” Normal body CD4" T lymphocytes differentiate into Th1,
Th2, Th17, Treg, and other subpopulations, exerting synergistic or
antagonistic effects to regulate the immune response. Each sub-
population maintains a dynamic balance through cytokine cross-
regulation (e.g., interferon-y inhibiting Th2, IL-4 antagonizing
Th1) and forms a synergistic network with dendritic cells, B cells,
macrophages, etc. An imbalance in these CD4" T lymphocyte sub-
populations can then drive disease.

Based on the pathogenesis, immune drift can be regulated by
restoring the dynamic balance of Th subpopulations. Targeting
the Th1/Th2/Th17/Treg axis through biotargeted therapies—such
as blocking IL-4Ra, IL-13, Janus kinase inhibitors/IL-17, TNF-a
inhibition, IL-23 antagonists for atopic dermatitis/psoriasis, and
PD-1/CTLA-4 inhibitors for enhancing anti-tumor immunity—re-
flects the translation from basic mechanisms to precision therapy.
Therefore, biologics are commonly used for the treatment of at-
opic dermatitis/psoriasis. However, adverse skin reactions due to
immune drift have been reported. Mechanisms of immune drift
not only involve Th1/Th2 immune imbalance but also include
imbalances between IL-17 isoforms, decreased expression of an-
timicrobial peptides leading to Staphylococcus aureus infections,
and disruption of the skin barrier function, among other factors.
As discussed in the above article, TNF-a inhibitors (etanercept,
infliximab, adalimumab), IL-17 inhibitors (stuclizumab and eze-
kizumab), Th-12/23 inhibitors (ustekinumab) have been associ-
ated with eczematous lesions, atopic dermatitis, pemphigus her-
petiformis, etc., in the treatment of psoriasis. Similarly, 1L-4/13
inhibitors (duplejumab) have caused psoriasis-like lesions, rheu-
matoid polymyositis, and other manifestations in the treatment of
atopic dermatitis, while psoriasis-like lesions have been reported
with PD-1 inhibitors, among others, as shown in Table 1,11-1419,21-
24,29,31-33,36-39,41,43-45

Although mast cells, neutrophils, and other cells contribute to
skin inflammation by releasing histamine, their activities are most-
ly regulated by cytokines (e.g., IL-4, IL-13) secreted by CD4* T
cells. Existing studies have primarily focused on the core regula-
tory network of CD4" T cells, as they exhibit greater spatiotem-
poral heterogeneity and influence in immune drift, whereas other
cellular mechanisms tend to be downstream or auxiliary.

Immune drift most commonly presents with the development of
eczema-like and psoriasis-like lesions. However, studies have also
shown that immune drift occurs with the use of biologics for treat-
ing other immune-inflammatory systemic disorders. A prospec-
tive study in the Danish Registry of Biological Agents found that
26.1% of patients with rheumatic disorders treated with infliximab
or etanercept developed eczema.*® Eczema-like lesions have also
been reported in patients with Crohn’s disease treated with TNF-a
inhibitors.

Patients should be adequately questioned about their past medi-
cal history prior to the administration of biologics. A history of
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diagnoses such as atopic dermatitis, asthma, or psoriasis may
predispose them to immune drift.'** Early identification of pa-
tients at risk for immune drift, along with thorough assessment
and risk monitoring, is essential for personalized medicine. For
patients who have already experienced immune drift, eczema-like
or psoriasis-like skin lesions are commonly observed. Reviewing
previous cases of successful treatment shows that mild skin lesions
can be treated with topical glucocorticoid ointments or antimicro-
bial ointments.!? If skin lesions do not improve with topical treat-
ment, the biologic agent causing immune drift may be suspended
or replaced. Treatment options include corticosteroids, immuno-
suppressants, or other biologics, such as glucocorticosteroids, cy-
closporine, methotrexate, and dupliyuzumab.!®25:3¢ Patients with
psoriasis-like lesions may also benefit from phototherapy.’? Tra-
ditional Chinese medicine may also be considered, as there have
been no reports of immune drift in the treatment of these immuno-
inflammatory diseases.

Future therapeutic strategies should be revolutionized by study-
ing the phenomena and mechanisms of immune drift induced by
biologics leading to adverse skin reactions. The use of natural
compounds and emerging alternative immunotherapies should also
be emphasized. Recent studies have found that aryl hydrocarbon
receptor dysfunction is implicated in the pathogenesis of atopic
dermatitis due to its key role in regulating immune responses and
maintaining skin barrier integrity. Natural compounds, such as cur-
cumin, resveratrol, and quercetin, have been shown to activate aryl
hydrocarbon receptor, inhibit Th2-type cytokines to modulate im-
munity, reduce inflammation, and promote skin barrier function.
These natural medicines have fewer side effects than conventional
treatments and could serve as a pharmacologic option for long-
term treatment of atopic dermatitis.> It has also been shown that
plasma rich in growth factors, due to its anti-inflammatory effects,
may play a significant role in reducing inflammation and modulat-
ing the immune response.’"52 Among these, high leukocyte con-
tent promotes the catabolic cascade response and expression of in-
flammatory cytokines, which have been shown to have favorable
therapeutic effects on atopic dermatitis and other immunoinflam-
matory skin diseases, such as psoriasis.3¥5* The application of na-
notechnology can significantly enhance drug delivery and efficacy
by improving drug solubility, stability, and skin permeability.5
Epidermal-targeted nanocarriers can enhance local drug concen-
tration, precisely modulate the skin microenvironment, and reduce
systemic exposure, thereby minimizing the risk of immune drift.5

Limitations

The molecular mechanisms of immune drift are still poorly un-
derstood, and there are gaps in the study of signaling pathways.
Existing evidence overly relies on the classical Th1/Th2/Th17 dif-
ferentiation pathway, while other potential etiological mechanisms
remain insufficiently explored.

Conclusions

Skin adverse reactions due to immune drift not only exacerbate
patient suffering and increase treatment costs but also place pres-
sure on social healthcare resources and economic productivity.
The underlying mechanisms may involve immune imbalances
between Th1/Th2 cells, as well as imbalances between 1L-17 iso-
forms, decreased expression of antimicrobial peptides leading to
Staphylococcus aureus infections, and disruption of the skin bar-
rier function, among other factors. By reviewing these phenom-

132

Miao F.Y. et al: CD4™ T cell-mediated skin reactions

ena and revealing the dual effects of biologic therapies, we can
provide a theoretical basis for optimizing treatment strategies and
strengthening risk management in the future through mechanism-
based research. In the future, interdisciplinary cooperation will be
essential to promote the development of safer immunotherapies.
It is expected to achieve the therapeutic goal of “maximizing ef-
ficacy and minimizing toxicity” and to reshape the landscape of
immunotherapy.
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