
Introduction

Psoriasis is one of the immune-meditated inflammatory
diseases with unclear aetiology presented with impaired im-
mune cells such that T cell, macrophages, dendritic cells (DCs)
and neutrophils, which work in tandem with activated and hy-
perproliferative keratinocytes (Cai et al., 2012). It affects two
to three percent of the global population (Mohd Affandi et al.,
2018). It is typically presented with epidermal acanthosis, der-
mal immune-cell infiltration and neovascularisation over the
elbows, knees, scalp and back trunk (Woo et al., 2017). It is
substantial to establish a groundwork especially in studying
psoriasis in vivo settings since this disease is practically in-
volved in systemic networks. The systemic networks are rec-
ommended to be studied thoroughly to explore the overall
cellular connectivity; hence in vivo studies can counterbalance
the entire responses, which may lead to new exploration.

Several ways have been discovered for researchers to
study this disease in vivo using murine models i.e. induced,
xenotransplanted, transgenic and knockout (Swindell et al.,
2017). One of it, is by using repeated topical application of im-
iquimod (IMQ) (induced model) (Rodríguez-Martínez et al.,

2017). This chemical acts as a Toll-like receptor (TLR)-7 and
TLR-8 in mouse and human respectively to cause a chain re-
action among immune cells, hence igniting psoriasis (El Malki
et al., 2013). The first published report article in 2009 describes
that IMQ-induced psoriatic laboratory animal is a method in
a preclinical context whereby skin inflammation is initiated
through TLR-7 activation. The observation can be evaluated
by erythema and inflammatory cell invasion (Hawkes et al.,
2018). 

Further findings exploit this technique since IMQ-induced
psoriasis mice are low-cost and easy to monitor the lesion. It
can induce psoriasis in mice at any desired age or specific time
point. Other than that, this technique is considered as con-
venient with simple execution, which does not require any
specific training in prior. Topical application, as its execution
method, is the route of administration of IMQ since it has a
small chemical structure and lipophilicity properties (Dor-
jsembe et al., 2019). Moreover, it offers the most resemblance
to human psoriasis in terms of inflammation, neovascularisa-
tion patterns and hyperproliferative cellular activity (Luo et al.,
2016; Rodríguez-Martínez et al., 2017). To understand psoria-
sis in-depth, it is highly recommendable to study its deviant
cytokine characteristics. Therefore, this acute model using
BALB/c mouse is suitable to study its maximum irregular re-
sponses of immune cells in a range of three to four days.*Corresponding author: Norhanani Mohd Redzwan
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Psoriasis is an immune-mediated inflammatory disease exploiting the skin which is triggered by many
possible factors concerning the epidermal keratinocytes and autoimmune cells. To study psoriasis in
vivo, imiquimod (IMQ) topical application is used as it is a ligand of TLR7 in mouse to induce an acute
psoriatic murine model. In obtaining the expected outcomes, one must understand the fundamental
procedures to successfully initiate psoriasis in mouse. As IMQ is an acute psoriasis model inducer, it
has been proposed that the condition can be progressed up to seven days after application. Aldara
cream containing 5% imiquimod and Vaseline as its control was topically applied for seven days con-
secutively on the shaved back of the BALB/c mice. Modified Psoriasis Area and Severity Index (PASI)
score was used to score the inflammation severity of the induced area. The exacerbation of the diseased
skin in the mouse was seen to be more severe as it developed. The increasing PASI score of the psoriatic
mouse from 2 to 7 by days suggested that psoriasis establishment had made evidence which consists
of progressed erythema, skin thickening and scaling. The spleen in the psoriatic mouse portrayed
splenomegaly in a gross observation compared to the control spleen. Hence, using this method with
such dosage further agrees that it is the most suitable dosage and can provide a good immunological
framework for establishing psoriasis in vivo.
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Materials and methods

Ethical approval was obtained from USM Animal Ethics
Committee [USM/IACUC/2019/(120)(1029)]. 

The mice were supplied and maintained at the Animal Re-
search and Service Center, USM Health Campus. In this study,
eight to ten weeks old male BALB/c mice weighing 25–30 g
were used. The mice were kept in polypropylene cages filled
with corn cob granules bedding (Chipsi, Germany) and the
cage was closed with stainless steel wire top clips. A standard
mice pellets (Gold Coin Feedmils, Malaysia) was given, con-
sidering one mouse would receive 10 g pellets daily. Unlimited
supply of tap water ad libitum was given as well. The sur-
rounding temperature was maintained approximately at
22.0±3.0℃, the humidity within 50-60% and steady 12 h of
light and dark cycle (light 0700-1900). The working area was
sanitised. All mice were subjected to three days of acclimati-
zation period before the commencement of the experiment.

Psoriasis initiation

By using clean weighing plates, 62.5 mg of Aldara cream
containing 5% of IMQ and Vaseline (Unilever, United Kingdom)
were weighed. For anaesthesia, the mice were continuously
supplied with 4% isoflurane inhalation for three minutes and
then maintained in 1.5-2% in an air-tight glass box. Then, on
the rostral area of the mice, the fur was trimmed and shaved.
By using a clean cotton bud, Aldara cream was topically ap-
plied thoroughly on the exposed skin. The control mouse was
treated similarly but with a control vehicle cream; Vaseline in
an appropriate amount. The mice were left in an individual
cage and they were left to confirm its regained consciousness.
The topical application for both mice respectively were re-
peated daily throughout the experiment.

Physical and behavioural changes in mice

The mice were visually observed daily. This included its
skin appearance and any remarkable behavioural changes
(withdrawn action, pain responses). The mice were daily ob-
served for its skin appearance and any remarkable behavioural
changes such as withdrawn action and pain responses. The
modified PASI score (Luo et al., 2016) was used; the factors in
the measure consist of erythema, thickening and scaling as

shown in Table 1. Each factor was graded independently on a
scale from 0–4 (0, none and 4, very marked). The cumulative
score ranged from 0–12. All appearances were confirmed by
a veterinarian physician.

Mice euthanasia and harvesting samples

Sodium pentobarbital (200 mg/kg) (Alfasan®, Holland)
was injected intraperitoneally and waited until the mouse had
fully unconscious. The mouse was quickly decapitated through
its neck and blood was collected in a microcentrifuge tube.
Each paw was punctured with needles on the working tray.
The mouse was dissected and its skin and spleen were har-
vested. 

Results

The development of psoriasis was monitored daily follow-
ing the daily topical application of 5% IMQ on the shaved back
of the mouse. The skin gradually formed some rough scaly
patches simultaneously with redness indicating erythema. The
thickness of the skin could be felt using fingers and by gentle
pinching of the effected skin. The overall development of pso-
riasis in the mouse is shown in Fig. 1.

At the beginning of the experiment, both mice showed cu-
riosity to learn and were physically active although it would
be rather subtle to be observed. These characteristics were
portrayed as they were actively moving around their cage be-
sides constantly eating, drinking and grooming. Approaching
to day 4, the skin of the psoriatic mouse observed has
changed. Moreover, unusual behaviours were noticed in pso-
riatic mice as it was quite lethargic, has an abnormal posture
and showed convulsion and pain when handled as shown in
Fig. 2.

To quantify the psoriatic severity assessment and thus fur-
ther proven the observation in mouse, a modified PASI score
adapted from Luo et al., (2016) was used. The scores were in-
dependently recorded and the plotted graph used the daily
cumulative scores. Noted that only the IMQ-induced mouse
plotted a gradually increased scoring compared to the control
mouse indicating that the exacerbation of psoriasis evaluated
by erythema, skin thickening and scaling had occurred.
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PASI Score Parameters
Score Erythema
0 Normal skin
1 Blood capillary visible
2 Scattered erythema
3 Erythema on a whole back skin
4 Dense erythema
Score Thickness
0 Normal skin
1 Keratoplasia 
2 Keratoplasia appear on half of back skin OR skin lesions significantly overtop the normal skin
3 Thickness on whole back skin OR skin lesions significantly overtop the normal skin
4 Skin lesions sclerosis
Score Scales
0 Normal skin
1 Scales visible
2 Scales appear on half of back skin
3 Scales appear on whole back skin
4 Dense desquamation

Table 1. The modified PASI score used to evaluate psoriasis in mouse.



Spleen is the target organ in this study since it plays major
roles in regard to immune cells. The gross examination upon
harvesting the spleens was performed and assembled as pic-
tured in Fig. 4. The spleen in IMQ-induced mouse had in-
creased its size or splenomegaly. This event was possible due
to increased cellular proliferation within the spleen because
of disturbed immune cells regulation.

Discussion

Psoriasis is a type of chronic inflammatory skin condition,
which characterised with hyperplastic epidermal keratinocytes
and hyperactivity of epidermal immune cells (Schaefer et al.,
2015). IMQ is a cream, clinically used for actinic keratosis, basal
cell carcinomas and warts caused by human papillomavirus.
Long term application of IMQ in a particular dosage can even-
tually elicit psoriasis (Madsen et al., 2018). 

In mice, IMQ can bind on TLR-7 on its macrophages and

Fig. 1. The progression of the mouse with a daily application of 5% IMQ. The shaved areas of mice were topically applied with 5% IMQ for seven days.
Note that the skin of the mouse applied with IMQ gradually exacerbated with psoriatic lesions by days. The lesions included redness, thickness and scales
formation.

Fig. 2. Psoriasis-induced mouse showed pain signs when handled. The
mouse tended to avoid being handled, squinted eyes, showed moderate pain
and distress. The coat was not properly groomed and generally looked un-
comfortable.

Fig. 3. The modified PASI score of the mice using erythema, skin thickness
and scaling as scoring parameters. During the daily evaluation, the scoring
would be assessed and calculated to produce the cumulative scores (range 0
to 12). Note that the increasing trend by days was observed in IMQ mouse
compared to the control mouse.

Fig. 4. Mouse spleen harvested from control (left) and IMQ-induced mice
(right). IMQ mouse had a significantly bigger spleen compared to control
mouse.
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DCs. Subsequently, these cells are aggregated to invade to the
inflammatory areas and express its proinflammatory cytokines
and chemokines such as IL-1α, IL-6, IL-23 and interferon (IFN)-
α. This event matures DCs to launch T helper cells (Th)1/Th7
pathways, which are commonly related with psoriasis induc-
tion pathway (Furiati et al., 2019). Keratinocytes simultaneously
undergo hyperproliferation ordinarily via MyD88 independent
pathway; adenosine receptor-mediated 3',5'-cyclic monophos-
phate (cAMP) pathway. During the early phase of inflamma-
tion, keratinocytes are deficit in TLR7/8 receptors. Through the
mentioned pathway, MyD88 is activated for the downstream
target of TLR7/8 primarily. This action is mediated by IL-23 and
IFN-α produced by CD11c+ myeloid DCs and plasmacytoid
DCs respectively (Rabeony et al., 2014; Ueyama et al., 2014).
This secreted IL-23 liaises γδ T cells to produce IL-17 and IL-
22 to further proliferate keratinocytes using inflammasome
complex to quantify S100 proteins and LL-37 (Schön et al.,
2006; Costa et al., 2017).

Therefore, the successful keys for IMQ to elicit psoriasis
especially in mice are infiltration of plasmacytoid dendritic
cells (pDCs) and type 1 interferon activity (Schaefer et al.,
2015). Cytokines regulatory patterns are also similar to human
especially in the most recent referred axis; interleukin (IL)-
17/IL-23 (Gilliet et al., 2004; El Malki et al., 2013). Thus, it is
well known to provide a great amount of IL-17 production
which provokes neovascularisation and keratinocytes hyper-
proliferation (Van Belle et al., 2012).

In one previous experiment had utilized 62.5 mg and 25.0
mg of IMQ cream to induce psoriasis. By using 25.0 mg of IMQ
still can undeniably induce psoriasis but more on as a chronic
model of murine psoriasis. Although both dosages could be
used for murine psoriatic induction, the observation for skin
thickness by evaluating its histological assessment differenti-
ation would be quite similar (Horváth et al., 2019). Thus, this
finding further concurs the former dosage of IMQ to initiate
preferable psoriatic mice.

Daily topical application of IMQ on targeted skin area in
mice induces psoriatic signs such as eventual intense of skin
erythema and scaling, keratinocytes changes, thickened epi-
dermis and invasion of immune cells in the epidermis (Sakai
et al., 2016). Herein, seven days of 62.5 mg IMQ application
was adequate to produce such signs and symptoms.  Collec-
tively, these phenotypes are closely mimicking the psoriasis
pathogenesis in human but not literal translating (Nadeem et
al., 2015; Vinter et al., 2016).  It is true that daily topical of IMQ
on mice, which is one of the procedures to study preclinical
psoriasis, does not completely translate into clinical findings,
but this method can trigger cytokine expression pattern,
histopathological changes and cellular trafficking which are
seen in human patients (Flutter and Nestle, 2013; Yoshiki et
al., 2014). Therefore, the variable cytokine expression pattern
by different time points can be further evaluated by flow cy-
tometry analysis.

When the psoriatic mouse been handled, it often showed
a strong withdrawn manner with painful face expression. Ac-
cording to a guideline provided (Burkholder et al., 2012), these
behaviours collectively proposed that the induced mouse ex-
perienced mild or anticipated pain and distress. It is not rec-
ommended to execute this study for more than eight days (El
Malki et al., 2013; Luo et al., 2016). Hence, it is appropriate to
conduct an introductory study to monitor and observe the
overall timeline for the progression of induced psoriasis in the
mouse.

Since psoriasis is also characterized by impaired ker-
atinocytes, which leads to hyperproliferation and parakerato-
sis. Hence, by observation of naked eyes and passing a finger
on the affected area, it could be indeterminate that the skin
of the induced mouse had thicker skin with scaly conditions.

This is possible since the infiltration of the dermis and epider-
mis by activated immune responses had occurred (Nestle et
al., 2009; Jeon et al., 2017). Acanthosis is a probable event be-
cause the number of keratinocytes has increased basal cell
layer due to striking responses by IL-22 and IL-17 (Jeon et al.,
2017). Respectively, changed epidermal differentiation gives
rise to parakeratosis condition which leads to the scaling of
the skin in psoriasis (Van der Fits et al., 2009; Albanesi et al.,
2018). Moreover, a modified PASI score is used as a guideline
to measure the severity and extend of psoriasis (Luo et al.,
2016; Wu et al., 2019). The psoriatic mouse scored 2 on Day 4
and steadily increased to a maximum of 7 on Day 7 (Fig. 3).
The increasing trend of the psoriatic severity in IMQ induced
mouse could also be suggested as the increased skin thick-
ness. However, to evaluate this parameter precisely and better,
Vernier callipers measurement and histological findings must
be carried out.

Spleen is a type of lymphoid organ where it filters blood
and a draining area of administered compounds. Numerous
populations of B and T cell lymphocytes host the organ and
hence, it is advantageous to assess its histopathology or bio-
chemical evaluation (Elmore, 2006). In this study, from a gross
examination, splenomegaly was observed in an IMQ induced
mouse (Fig. 4). This event was possible due to expanded cel-
lular proliferation in the spleen which was established by an
inflammatory immune reaction such as the expansion of CD4+
T cell percentage in the composition of the immunocytes
(Zhang et al., 2016). 

Choosing BALB/c murine model in establishing psoriasis
is highly coveted as it is one of the most five prominent inbred
strains to study particularly in immunology and infectious dis-
ease fields (Nakamura, 2013). In comparison with B6 mouse
strain, BALB/c produced psoriatic lesions rapidly in regard to
IMQ repeated application (Van der Fits et al., 2009; Flutter and
Nestle, 2013). Executing this method would undertake the de-
sirable induced acute psoriatic BALB/c mouse model with its
exceptional post-treatment cytokine responses. 

Researchers who are interested in studying cytokine pro-
filing and exploring psoriatic treatment can implement this
work.  Moreover, histologic exacerbation of psoriasis in BALB/c
can easily be assessed using techniques such as immunohis-
tochemistry and haematoxylin and eosin. As for our down-
stream studies, following this preliminary technique, we would
investigate the relationship between innate and adaptive im-
mune cells, DCs and B cells respectively in order to establish
fundamental interpretation predominantly in psoriasis patho-
genesis. So here, we intended to provide the foundation of
ideas relating to the response of the immune cells since it is
crucial to explore the whole process to further tackle this dis-
ease. 

Conclusion

Topical application of 62.5 mg of IMQ is an optimum
dosage to induce the psoriasis-like disease. In addition, the
physical examination, altered behavioural observation and in-
creasing PASI score were depicted that psoriasis-like disease
has proficiently exacerbated in mice. Moreover, splenomegaly
that has been found in induced mice might also represent the
proliferation of immune cells such as T and B cells. The im-
iquimod (IMQ)-induced psoriasis-like mouse model using this
specific dosage might provide a good framework to proceed
with other downstream studies in understanding the patho-
physiology of psoriasis and in future could path the way for
potential therapeutic approach for better treatment of psori-
asis. 
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