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Abstract: Lupus is an autoimmune inflammatory disease that affects multiple organs. Cyclin-dependent kinases 
(CDKs) have been associated with inflammation. The objective of this study was to explore the effects of palbociclib 
(a CDK4/6 inhibitor) on inflammation in a lupus-prone MRL-lpr mouse model. Twenty mice (10 females and 10 
males) were randomized into control group (n=10, treated with vehicle) and treatment group (n=10, treated with 3 
cycles of palbociclib at a dose of 120 mg/kg/day for 2 weeks on and 10 weeks off, through oral gavage). Animals 
were euthanized after the third cycle of treatment. We found that facial skin lesions developed later and smaller in 
the female mice treated with palbociclib than the female mice in the control group. The lymph node number was 
less and the lymph node weight was lighter in the female treatment group compared to the female control group. 
The inflammatory lesions in the kidneys of male mice treated with palbociclib were significantly reduced compared 
to the male mice in the control group. Our findings suggest that palbociclib treatment reduces inflammation in 
lupus-prone mice in a gender-specific manner, targeting the facial skin and lymph nodes in the female mice and the 
kidneys in the male mice.

Keywords: Lupus, CDK4/6 inhibitor, palbociclib, inflammation

Introduction

Systemic lupus erythematosus (SLE) is a com-
plex, heterogeneous, and chronic autoimmune 
disease that can affect multiple organs and tis-
sues, including the skin, kidneys, joints, lungs, 
blood, and central nervous system [1]. The 
Lupus Foundation of America (https://www.
lupus.org) estimates that 1.5 million Americans 
have a form of lupus including SLE (70%), cuta-
neous lupus (10%), drug-induced lupus (10%), 
and neonatal lupus (rare). Lupus affects mostly 
women of childbearing age (15 to 44 years). 
But men, children, and teenagers also develop 
lupus. Patients experience pain, extreme fa- 
tigue, hair loss, cognitive problems, and physi-
cal impairments. Many patients suffer from 
cardiovascular disease, strokes, disfiguring ra- 
shes, and painful joints. About half of the 

patients have lupus lesions in major organs 
such as the heart, lungs, kidneys, and/or brain. 
Due to improved diagnosis and disease man-
agement, most people with the disease live a 
normal life span. However, lupus remains a dev-
astating and life-changing disease that current-
ly has no cure. The National Resource Center 
on Lupus estimates that 10-15% patients with 
lupus die prematurely due to complications of 
lupus [2]. Fas antigen gene is the structural 
gene for the mouse mutation, lpr (lymphoprolif-
eration). Murphy Roths Large Lymphoprolifera- 
tive Mouse (MRL-lpr) with the lpr mutation 
shows abnormal T cell proliferation, lymph node 
hyperplasia, splenomegaly, abundant anti-DNA 
antibodies, and glomerulonephritis at about 30 
weeks of age. These symptoms are similar to 
human SLE, therefore MRL-lpr is a well-accept-
ed mouse model for SLE studies [3].

http://www.ajceu.us
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Cyclin-dependent kinases (CDKs) are enzymes 
that work in association with cyclins. Human 
cells have 13 CDKs interacting with at least 29 
cyclins or cyclin-related proteins [4]. CDKs inter-
acting with multiple cyclins (CDK1, 2, 4, 6) pri-
marily regulate the cell cycle, whereas CDKs 
activated by a single cyclin (CDK7 and 9) typi-
cally regulate gene transcription [4]. CDK4/6 
are assembled to D-type cyclins with p27Kip1. 
Phosphorylation of p27Kip1 at Y74 activates the 
p27-CDK4/6-cyclin D trimer to phosphorylate 
retinoblastoma protein (Rb). Rb is subsequently 
hyperphosphorylated and inactivated by CDK2-
cyclin E complex, resulting in G1-to-S phase 
transition in the cell cycle. CDK4/6 inhibitor 
sequesters inactive monomer CDK4 and poten-
tially shuttles p21Cip1 to CDK2-cyclin E complex, 
thus lowering CDK2 activities and inhibiting 
G1-to-S phase transition [5]. Selective CDK4/6 
inhibitors palbociclib, ribociclib, and abemaci-
clib in combination with endocrine therapy (ei- 
ther an aromatase inhibitor or estrogen recep-
tor blocker) have been approved for the treat-
ment of breast cancers with hormone receptor 
positive (HR+) and human epidermal growth 
factor receptor 2 negative (HER2-) status [6]. 
Large scale clinical trials have shown that pal-
bociclib plus endocrine therapy is an effective 
treatment option for North American women 
with HR+/HER2- advanced breast cancer [7].

In recent years, the functions of CDKs in inflam-
mation have caught much attention. CDK2, 5, 
6, 7, and 9 have been shown to play a role in 
tumor necrosis factor α (TNFα)-induced Nuclear 
Factor-κB (NF-κB)-mediated transcription of 
proinflammatory factors [4]. CDK6 may bind to 
NF-κB p65, signal transducer and activator of 
transcription 3 (STAT3), or activator protein 1 
(AP-1), which appears to be independent of its 
kinase activities [4]. However, palbociclib (also 
known as PD332991) partially inhibited inter-
leukin-1 (IL-1)-induced NF-κB-dependent repor- 
ter gene activation and also inhibited TNF-
inducible expression of IL-8, C-X-C Motif Che- 
mokine Ligand 3 (CXCL3), C-C Motif Chemokine 
Ligand 20 (CCL20), IL-6, Prostaglandin-
Endoperoxide Synthase 2 (PTGS2), and NFKB 
Inhibitor Zeta (NFKBIZ) expression [8]. These 
data suggest that CDK6 may be required for 
expression of a range of NF-κB dependent 
inflammatory target genes in kinase-dependent 
and/or kinase-independent manners. Never- 
theless, it is still unknown if inhibition of inflam-

mation is one of the mechanisms of action of 
palbociclib in breast cancer therapy [4].

On the other hand, the U.S. Food and Drug 
Administration (FDA) has issued a warning that 
Ibrance (palbociclib), Kisqali (ribociclib), and 
Verzenio (abemaciclib) may cause rare (1-3%) 
but life-threatening inflammation of the lungs, 
namely, interstitial lung disease and/or pneu-
monitis. Infectious, neoplastic, and other ca- 
uses have been excluded, but the risk factor 
has not been identified [9]. Pulmonary inflam-
mation can be alleviated with steroids treat-
ment in some cases [10], but not in other cases 
[11, 12]. A patient with history of psoriatic 
arthritis presented Stevens-Johnson syndrome-
like skin lesions after palbociclib treatment [13] 
and some patients treated with palbociclib 
developed cutaneous lupus erythematosus 
[14-16]. The common feature of these pulmo-
nary and skin lesions is enhanced inflammation 
upon palbociclib therapy. The underlying mech-
anisms are not known. Therefore, the present 
study was designed to explore the effects of 
palbociclib on inflammation in a lupus-prone 
MRL-lpr mouse model.

Materials and methods

Animals

Animal studies were conducted with approval 
of Institutional Animal Care and Use Committee 
(IACUC) at Tulane University (animal protocol# 
863). MRL-lpr mice [17] (full strain name: MRL/
MpJ-Faslpr/J; stock number: 000485) were pur-
chased from the Jackson Laboratory (Bar 
Harbor, ME). Twenty 7-8 week-old MRL-lpr male 
and female mice were randomly assigned into 
2 groups: 1) Treatment group (T group, n=10; 
divided into T1 group, n=5 female mice and T2 
group, n=5 male mice); and 2) Control group (C 
group, n=10; divided into C1 group, n=5 female 
mice and C2 group, n=5 male mice). The treat-
ment group was treated with palbociclib (molec-
ular formula: C24H29N7O2HCl; cat# P-7788, LC 
Laboratories, Woburn, MA) at a dose of 120 
mg/kg (dissolved in 50 mmol/L sodium lactate) 
through oral gavage, once every day from 
Monday to Friday for two weeks as a cycle of 
treatment. This dosage was adopted from a 
published study [18]. The control group was 
administered with an equivalent volume of 50 
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mmol/L sodium lactate (cat# 50-159-8163, 
Fisher Scientific, Waltham, MA) through oral 
gavage. The treatment was repeated two cycles 
with an interval of 10 weeks. The animals were 
observed daily for skin lesions. Animal’s body 
weight was weighed and urine was collected 
weekly. The experiment endpoint was after the 
third treatment cycle at 29-30 weeks of age, 
when all animals were euthanized (Figure 1A). 
At necropsy, the skin, lymph nodes, spleen, kid-
neys, heart, liver, and lungs were collected. The 
lymph nodes, spleen, kidneys, heart, liver, and 
lungs were weighed. The number of enlarged 
lymph nodes was counted and the length of the 
spleen was measured. The lymph nodes were 
harvested from bilateral axillae, the cervical, 
thoracic, and abdominal regions where en- 
larged lymph nodes could be palpated. The tis-
sues were fixed with 4% paraformaldehyde, 
paraffin embedded, cut into 4-µm sections, 
and stained with hematoxylin and eosin (H&E) 
for histopathological examination. The animal 
treatment was performed by B.J. and the ani-
mal phenotype assessment was performed by 
Y.Z. who was blinded to the group assignment 
of the animals.

Skin lesions

It has been shown that MRL-lpr mice develop 
inflammatory skin lesions on the face [19]. A 
clinical score of the skin lesions was assessed 
based on a scale of 0-3 (Figure 1B): 0, no visi-
ble skin changes; 1, minimal hair loss with red-
ness and a few scattered lesions; 2, redness, 
scabbing, and hair loss with a small area of 
involvement; and 3, ulcerations with an exten-
sive area of involvement [19]. The size of skin 
lesions was measured based on the pictures 
taken, using ImageJ (version 1.52a, National 
Institutes of Health). The facial skin sections 
were stained and assessed for histopathologi-
cal scores in three features: (1) inflammatory 
cellular infiltration; (2) epidermal hyperplasia; 
and (3) epidermal ulceration. (1) inflammatory 
cellular infiltration: 0, baseline/normal/none; 1, 
mild and patchy inflammatory cells; 2, severe, 
dense, and diffuse inflammatory cells. (2) 
Epidermal hyperplasia: 0, baseline/normal/
none; 1, mild; 2, severe. (3) Epidermal ulcer-
ation: 0, baseline/normal/none; 1, mild erosion 
or small focus of ulceration; 2, severe ulcer-
ation [19].

Kidney lesions

Histopathological changes in the kidneys were 
assessed based on three features and using 
the published criteria [20, 21]: (1) glomerular 
lesions; (2) interstitial lesions; and (3) vascular 
lesions. (1) Glomerular lesions were graded on 
a scale of 0-3: 0, normal; 1, mild (cell prolifera-
tion and/or cell infiltration); 2, moderate (cell 
proliferation and/or cell infiltration with mem-
brane proliferation); and 3, severe (cell prolifer-
ation and/or cell infiltration, membrane prolif-
eration, and crescent formation and/or hyalino-
sis). The glomerular scores were calculated as 
the mean of 40 random glomeruli per kidney 
under high magnification power fields (×400). 
(2) Interstitial lesions were graded on a scale of 
0-3 based on infiltration of inflammatory cells 
into the interstitial spaces: 0, normal; 1, mild 
(cell infiltration localized in the perivascular 
and/or periductal regions); 2, moderate (cell 
infiltration localized in the perivascular and/or 
periductal regions with extension to the paren-
chyma); and 3, severe (cell infiltration localized 
in the perivascular and/or periductal regions 
with extension to the parenchyma, with fibrosis 
and/or granuloma). The interstitial scores were 
calculated as the mean of 15-30 random fields 
under low magnification power (×100). (3) 
Vascular lesions (namely, vasculitis) were grad-
ed on a scale of 0-3 based on infiltration of 
inflammatory cells around the blood vessels 
and changes in the blood vessels: 0, normal; 1, 
mild (perivascular cell infiltration); 2, moderate 
(destruction of the arterial wall); 3, severe (myo-
intimal thickening). The vasculitis scores were 
calculated as the mean of 12-35 random blood 
vessels under low magnification power (×100). 
The overall changes in the kidney (namely, 
nephritis) were represented as the sum of glo-
merular, interstitial, and vasculitis scores.

Protein concentration in the urine

Protein concentration in the urine was mea-
sured using the Bradford assay. 4 µL of diluted 
urine sample was added to 196 µL of Bradford 
reagent (Cat#5000006, Bio-Rad Laboratories, 
Hercules, CA) in a 96-well plate and incubated 
at room temperature for 5 min. Bovine serum 
albumin was diluted to different concentrations 
and used as the protein concentration stan-
dards. The absorbance was measured at 595 
nm using a microplate reader (BioTek Synergy 
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Figure 1. Palbociclib treatment delayed appearance of skin lesions in female MRL-lpr mice. A. Timeline of palbo-
ciclib treatment. B. Representative pictures of mouse facial skin lesions with clinical scores 0-3; arrows indicate 
the skin lesions and the numbers above the arrows indicate the clinical scores. C. Skin lesion-free survival curve 
of female mice (control and treatment groups); Logrank test was used for statistical analysis. D. Clinical scores of 
facial skin lesions in female mice; C1, control group; T1, treatment group; data represent median and range (n=5); 
Mann-Whitney U test was used for statistical analysis. E. Facial skin lesion size in female mice; C1, control group; T1, 
treatment group; data represent mean ± standard deviation (n=5); Student’s t test was used for statistical analysis. 
F. Representative photomicrograph of H&E stained skin lesions showing normal skin with histopathologic scores of 
0 for inflammatory cell infiltration, epidermal hyperplasia, and epidermal ulceration. G. Representative photomicro-
graph of H&E stained skin lesions showing histopathologic scores of 1 for inflammatory cell infiltration, 1 for epider-
mal hyperplasia, and 0 for epidermal ulceration. H. Representative photomicrograph of H&E stained skin lesions 
showing histopathologic scores of 2 for inflammatory cell infiltration, 2 for epidermal hyperplasia, and 0 for epider-
mal ulceration. I. Representative photomicrograph of H&E stained skin lesions showing histopathologic scores of 2 
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H1, BioTek, Winooski, VT). Urine protein con-
centration was calculated from a logistic re- 
gression curve with binominal trendline based 
on the protein concentration standards [22].

Lung lesions

Histopathological changes in the lungs were 
assessed based on three features and using 
the published criteria [23, 24]: (1) perivascular 
inflammatory cell infiltration; (2) peribronchiolar 
inflammatory cell infiltration; and (3) the inflam-
matory cell infiltration in alveolar area. (1) 
Perivascular inflammatory cell infiltration was 
assessed from approximately 11-45 blood ves-
sels per section based on a scale of 0-3: 0, 
none; 1, < 3 layers or < 50% vessels; 2, 3-6 
layers or >50% vessels; and 3, >6 layers. (2) 
Peribronchiolar inflammatory cell infiltration 
was assessed from approximately 4-35 bron-
chioles per section based on a scale of 0-3: 0, 
none; 1, < 3 layers or < 50% bronchi; 2, 3-6 
layers or >50% bronchi; and 3, >6 layers. (3) 
The inflammatory cell infiltration in alveolar 
area was assessed in 14-30 high-power (×400) 
fields/section (avoiding blood vessels and bron-
chioles) and based on a scale of 0-3: 0, none; 
1, mild infiltrating inflammatory cells; 2, moder-
ate infiltrating inflammatory cells; and 3, se- 
vere infiltrating inflammatory cells. The overall 
changes in the lungs were represented with the 
sum of the perivascular, peribronchiolar, and 
alveolar infiltration scores.

Cell count in the spleen and lymph nodes

The sections of the spleen and lymph nodes 
were stained with H&E. The total cell number in 
the spleen and lymph nodes was assessed in 5 
random high-power (×400) fields/section using 
ImageJ [25]. The mean number of 5 fields rep-
resented the total cell number per sample.

Statistical analysis

Data were analyzed using the Statistical Pack- 
age for the Social Sciences (SPSS) 25 software 
(IBM, Armonk, NY). Statistical significance was 
determined using unpaired two-tailed Student’s 

t test, analysis of variance (ANOVA), or Mann-
Whitney U test. Results are presented as mean 
± standard deviation (SD) or median and range. 
P < 0.05 was considered significant.

Results

Palbociclib treatment delayed appearance of 
skin lesions in female MRL-lpr mice

Skin lesions started to appear on the face of 4 
out of the 5 female mice in the control group at 
9-10 weeks of age, while only 1 out of the 5 
female mice formed facial skin lesions in the 
treatment group at 10-11 weeks of age. The 
skin lesion-free period of the treatment group 
(T1 group) was significantly longer than the con-
trol group (C1 group) (Figure 1A-C, P=0.021). 
The clinical score of the facial skin lesions was 
significantly lower in the T1 group than C1 group 
(Figure 1D, P=0.045). The size of the facial skin 
lesions was significantly smaller in the T1 group 
than C1 group (Figure 1E, P=0.016). In contrast, 
the male mice, either in the control group (C2 
group) or the treatment group (T2 group), did not 
develop obvious skin lesions. The facial skin 
(with or without lesions) was sectioned and 
stained for histopathologic examination (Figure 
1F-I). The histopathologic scores of T1 and T2 
groups were slightly lower than the correspond-
ing C1 and C2 groups, but the differences were 
not statistically significant (Figure 1J, P>0.05). 
When all female and male mice were combined 
into the control group (C group) and treatment 
group (T group), the histopathologic score was 
lower in the T group than C group, but the differ-
ence was not statistically significant (Figure 1K, 
P>0.05).

Palbociclib treatment inhibited nephritis in 
Male MRL-lpr mice

The protein concentration in the urine of the 
treatment group was comparable to that of the 
control group (Figure 2A, P>0.05). There was 
not any significant difference in the kidney 
weight between the control and treatment gro- 
ups, either comparing within the same gender 
(Figure 2B, P>0.05) or comparing the pooled 

for inflammatory cell infiltration, 0 for epidermal hyperplasia, and 2 for epidermal ulceration. Scale bars, 100 µm. 
J, K. Histopathologic scores of facial skin lesions; C1, control female mice (n=5); T1, treated female mice (n=5); C2, 
control male mice (n=5); T2, treated male mice (n=5); C, control female and male mice (n=10); T, treated female 
and male mice (n=10); data represent median and range; Mann-Whitney U test was used for statistical analysis.
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Figure 2. Palbociclib Treatment Inhibited Nephritis in Male MRL-lpr mice. A. Protein concentration in the urine sam-
ples of control and treatment groups (pooled female and male mice); data represent mean ± standard deviation 
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female and male mice (Figure 2C, P>0.05). The 
kidneys were sectioned and stained for histo-
pathologic examination of the glomerular lesion 
(Figure 2D), interstitial lesion (Figure 2E), and 
vasculitis (Figure 2F). In comparison within 
each gender, there was not any significant dif-
ference in the glomerular scores (Figure 2G), 
however, the interstitial score and vasculitis 
score were significantly lower in the T2 group 
than the C2 group, whereas there was not any 
significant difference among the female mice 
(Figure 2H, 2I, P=0.008). The overall nephritis 
score showed the same trend (Figure 2J, 
P=0.008). In comparison of the pooled female 
and male mice, there was not any significant 
difference in the glomerular scores (Figure 2K), 
however, the interstitial score and vasculitis 
score were significantly lower in the T group 
than the C group (Figure 2L, 2M, P=0.002 and 
P=0.029, respectively). The overall nephritis 
score was lower in the T group than the C group, 
but the difference was not statistically signifi-
cant (Figure 2N, P=0.063).

Palbociclib treatment reduced lymph node hy-
perplasia in female MRL-lpr mice

The spleen and lymph nodes were harvested, 
sectioned, and stained (Figure 3A-D). There 
were not any significant differences in the 
spleen weight (Figure 3E, 3F, P>0.05), spleen 
length (Figure 3G, 3H, P>0.05), and the cell 
count of stained spleen sections (Figure 3I, 3J, 
P>0.05). The lymph nodes weight was signifi-
cantly lighter in the T1 group than C1 group, 
while there was not any significant difference 
between the T2 and C2 groups (Figure 3K). Of 
note, the lymph nodes weight was significantly 
heavier in the C1 group than either C2 or T2 
group (Figure 3K). The lymph nodes weight was 
lighter in the pooled T group than C group, but 
the difference was not statistically significant 
(Figure 3L, P=0.066). The lymph nodes number 

was significantly less in the T1 group than C1 
group, while there was not any significant differ-
ence between the T2 and C2 groups (Figure 
3M). Of note, the lymph nodes number was sig-
nificantly more in the C1 group than either C2 or 
T2 group (Figure 3M). The lymph nodes number 
was less in the pooled T group than C group, 
but the difference was not statistically signifi-
cant (Figure 3N, P>0.05). The cell count of 
stained lymph nodes sections showed no sig-
nificant differences between the control and 
treatment groups (Figure 3O, 3P, P>0.05).

Palbociclib treatment did not affect the lungs, 
heart, liver, and body weight

The lungs were sectioned, stained, and assess- 
ed for perivascular, peribronchiolar, and alveo-
lar inflammatory infiltration (Figure 4A-C). There 
were no significant differences between the 
control and treatment groups (Figure 4D-G, 
P>0.05). No obvious inflammatory changes or 
abnormalities were observed in the heart 
(Figure 4H) or liver (Figure 4I) among the con-
trol and treatment groups. The animal body 
weight continued to increase during the course 
of the study and there was not any significant 
difference between the control and treatment 
groups (Figure 4J, P>0.05).

Discussion

The present study showed that palbociclib 
treatment reduced inflammation in the facial 
skin and lymph nodes in the female mice and 
reduced nephritis in the male mice. MRL-lpr 
mice have been shown to develop inflammatory 
skin lesions on the face [19], manifesting as 
inflammatory cellular infiltration, epidermal hy- 
perplasia, and epidermal ulceration. The facial 
skin lesions only developed in female mice and 
the lymph node hyperplasia (showing as in- 
creased number of enlarged lymph nodes and 
increased weight of lymph nodes) was promi-

(n=3-5); two-way ANOVA showed P>0.05. B, C. Kidney weight; C1, control female mice (n=5); T1, treatment female 
mice (n=5); C2, control male mice (n=5); T2, treatment male mice (n=5); C, control female and male mice (n=10); T, 
treatment female and male mice (n=10); Student’s t test was used for statistical analysis (P>0.05). D. Representa-
tive photomicrographs of H&E stained kidney sections showing the glomerular lesions with histopathologic scores 
of 0-3. E. Representative photomicrographs of H&E stained kidney sections showing the interstitial lesions with 
histopathologic scores of 0-3; arrows indicate the interstitial regions. F. Representative photomicrographs of H&E 
stained kidney sections showing the vascular lesions with histopathologic scores of 0-3; arrows indicate the vascu-
lar lesions. Scale bars, 100 µm. G-N. Histopathologic scores of the glomerular, interstitial, and vascular lesions as 
well as overall nephritis; C1, control female mice (n=5); T1, treated female mice (n=5); C2, control male mice (n=5); 
T2, treated male mice (n=5); C, control female and male mice (n=10); T, treated female and male mice (n=10); data 
represent median and range; Mann-Whitney U test was used for statistical analysis.
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Figure 3. Palbociclib treatment reduced lymph node hyperplasia in female MRL-lpr mice. A. Representative pictures 
of the spleens. B. Representative photomicrographs of H&E stained spleen sections; scale bars, 100 µm. C. Repre-
sentative pictures of the lymph nodes. D. Representative photomicrographs of H&E stained lymph nodes sections; 
scale bars, 100 µm. E, F. Spleen weight. G, H. Spleen length. I, J. Cell count per high-power field of spleen sections. 
K, L. Lymphnodes weight. M, N. Lymph nodes number. O, P. Cell count per high-power field of lymph nodes sections. 
Data represent mean ± standard deviation; Student’s t test was used for statistical analysis; C1, control female mice 
(n=5); T1, treated female mice (n=5); C2, control male mice (n=5); T2, treated male mice (n=5); C, control female and 
male mice (n=10); T, treated female and male mice (n=10).
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nent in female mice. In contrast, male mice did 
not develop any facial skin lesions or show any 
obvious lymph node enlargement. These gen-
der-specific differences are similar to humans, 
which may be caused by the influence of female 
sex hormones on interferon-α and Toll-like 
receptor expression, fetal and maternal micro-
chimerism, aberrant X chromosome inactiva-
tion or X chromosome dosage effects, and the 
role of SLE susceptibility genes including the X 
chromosomal methyl CpG binding protein 2 
(MECP2)/interleukin-1 receptor-associated ki- 
nase 1 (IRAK1) locus and the gene-sex influ-
ence of the osteopontin locus (details reviewed 
in [26]). The female and male mice developed 
similar inflammatory lesions in the kidneys, 
except that the glomerular lesions were slightly 
but statistically insignificantly less in the male 
mice compared to the female mice. Palbociclib 
treatment was able to reduce inflammation in 
the facial skin and lymph nodes, two main clini-
cal features of lupus in the female mice. 
Splenomegaly was obvious in both female and 
male mice. However, palbociclib treatment did 
not inhibit the spleen enlargement. We noted 
that palbociclib treatment slightly decreased 
the spleen weight of the female mice, but the 
decrease was not statistically significant. 
Palbociclib treatment was only able to inhibit 
nephritis in the male mice, but not the female 
mice. These findings suggest that palbociclib 
has certain gender-/organ-specific actions, the 
underlying mechanisms of which are unknown. 
Since palbociclib has been reported to partially 

inhibit NF-κB activation and downstream gene 
expression [8], we examined phospho-I-κBα 
and I-κBα levels in the kidney tissue homoge-
nates but failed to observe any differences 
between the control and treatment groups 
(data not shown). Therefore, it remains unclear 
how palbociclib inhibits the inflammation and 
further studies are needed to determine the 
mechanisms of action.

Both female and male mice showed mild inflam-
matory cell infiltration in the lungs. Palbociclib 
treatment did not significantly reduce or in- 
crease the mild pulmonary inflammation. In 
human patients who receive palbociclib treat-
ment, about 1-3% develop life-threatening 
interstitial lung disease and/or pneumonitis [9]. 
Our study did not show palbociclib enhancing 
pulmonary inflammation, which might be due to 
the small number of animals or species-depen-
dent differences. No obvious inflammation was 
observed in the heart and liver of both female 
and male mice, and all mice gained body weight 
during the course of study. Palbociclib treat-
ment did not affect the heart, liver, and body 
weight, indicating that the administered dos-
age was well tolerated by the animals.

In conclusion, our findings suggest that palboci-
clib treatment reduces inflammation in lupus-
prone mice in a gender-specific manner, target-
ing the facial skin and lymph nodes in the 
female mice and the kidneys in the male mice.

Figure 4. Palbociclib treatment did not affect the lungs, heart, liver, and body weight. A-C. Representative pho-
tomicrographs of H&E stained lung sections; arrows indicate the target regions; scale bars, 100 µm. D-G. Histo-
pathologic scores of the perivascular, peribronchiolar, and alveolar lesions as well as overall lung lesions; C1, control 
female mice (n=5); T1, treated female mice (n=5); C2, control male mice (n=5); T2, treated male mice (n=5); C, 
control female and male mice (n=10); T, treated female and male mice (n=10); data represent median and range; 
Mann-Whitney U test was used for statistical analysis (P>0.05). H. Representative photomicrographs of H&E stained 
heart sections; scale bars, 100 µm. I. Representative photomicrographs of H&E stained liver sections; scale bars, 
100 µm. J. Animal body weight. Animals were weighed weekly; two-way ANOVA was used for statistical analysis 
(P>0.05); animal age shows the younger age of the two-week range, that is, 5 means 5-6 weeks (when animals were 
purchased), 6 means 6-7 weeks, and 7 means 7-8 weeks (when animals were treated), etc.
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