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ARTICLE INFO ABSTRACT

Keywords: Acute lung injury (ALI) due to chemotherapy occurs frequently. It presents a challenge for clinicians managing
Carfilzomib therapies for different types of cancers. Carfilzomib (Kyprolis™) is a new proteasome inhibitor that shows
Acute l'ung injury promise for the treatment of relapsing multiple myeloma. However, several cases of severe ALI have raised
Apremilast concern about the use of carfilzomib against relapsed multiple myelomas. To improve the efficacy of carfilzomib,
;I:iglpha a new anti-inflammatory drug for psoriasis treatment, apremilast (Otezla™) was investigated for its protective

effects against carfilzomib-induced ALI in rats. RT-PCR analyses revealed that carfilzomib administration in rats
markedly increased the levels of tumor necrosis factor-alpha and nuclear factor-kappa B and myeloperoxidase
activity with a concomitant increase in lipid peroxidation. The anti-inflammatory cytokine, interleukin-10, was
downregulated following carfilzomib administration. Reduction in glutathione levels indicated diminished
cellular antioxidant defenses in response to carfilzomib-induced ALI. ALI was confirmed by histopathological
observations in lung tissue slices. Apremilast administration reduced lung inflammation in terms of reduction in
myeloperoxidase activity and levels of tumor necrosis factor-alpha and alveolar infiltrating cells. Apremilast

reversed all observed toxic effects of carfilzomib and prevented ALI in rats.

1. Introduction

Acute lung injury (ALI) as a toxic manifestation has a severe impact
on health and can be life-threatening. Several chemotherapeutic drugs
are acutely toxic to vital organs including the lungs [1-5]. Con-
sequences of an acute lung event in patients receiving chemotherapy
can be more severe considering their predisposing health condition.
Carfilzomib (Kyprolis™) is a proteasome inhibitor that displayed pro-
mising clinical results and was approved by the Food and Drug Ad-
ministration (FDA) in 2012 for the treatment of relapsing multiple
myeloma [6]. However, severe to fatal lung injuries have been reported
[7,8]. Siegel et al., in a grouped analyses, any grade of cardiac related
adverse events reported are 22.1% (7.2% cardiac failure) and 69.0% for
any respiratory related adverse events (42.2% dyspnea). More reports
are needed to conclude something on the frequency of lung injuries by
carfilzomib in humans [9]. Carfilzomib has also been reported to have
cardiotoxic effects in patients [10,11]. Patients developed acute dys-
pnea about 2-3h after the first dose of carfilzomib and chest X-ray
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showed a slight increase in pulmonary infiltration but fatal pulmonary
hemorrhage occurs after the first dose of second cycle [12,13]. Other
reported common side effects of carfilzomib include fatigue, nausea,
anemia, and thrombocytopenia [14].

The large surface area and massive vasculature of the lungs leave
this organ susceptible to various kinds of injuries. In most cases the
response is elicited by a brisk inflammatory response. This is the reason
why most debilitating lung diseases are inflammatory, including em-
physema, bronchitis, bronchiolitis, asthma, fibrosis, and a collective
form chronic obstructive pulmonary disease (COPD) [15].

Apremilast is a new anti-inflammatory drug that was recently ap-
proved by the FDA for the treatment of psoriasis and psoriatic arthritis
[16-18]. It is a selective inhibitor of phosphodiesterase 4. Inhibition of
this enzyme leads to increased levels of cyclic AMP, which results de-
creased production of proinflammatory cytokines, such as tumor ne-
crosis factor-alpha (TNF-a), and an increase in anti-inflammatory cy-
tokines including interleukin (IL)-10 [18].

The anti-inflammatory behavior made apremilast an intriguing
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subject of study for the relief of ALL In the present investigation,
apremilast was chosen to see its effects against carfilzomib induced
acute lung injury in rats.

2. Materials and methods
2.1. Chemicals and reagents

Carfilzomib and apremilast were purchased from Beijing Mesochem
Technology Co., Ltd (Beijing, China). Myeloperoxidase (MPO), TNF-a,
and Caspase-3 enzyme activity assay enzyme-linked immunosorbent
assay (ELISA) kits were purchased from BioVision (Milpitas, CA, USA).
Thiobarbituric acid (TBA) used for the malondialdehyde (MDA) assay
and 5,5’-dithiobis (2-nitrobenzoic acid; DTNB, Ellman's reagent) for the
glutathione (GSH) assay were purchased from Sigma Chemicals (St.
Louis, MO, USA). Primers used for gene expression were purchased
from Applied Biosystems (Paisley, UK) and Genscript (Piscataway, NJ,
USA). High capacity cDNA reverse transcription kit and SYBER® green
PCR Master Mix were also purchased from Applied Biosystems. TRIzol
was purchased from Life Technology (Grand Island, NY, USA). Primary
and secondary antibodies for protein expression were obtained from
Santa Cruz Biotechnology (Dallas, TX, USA). Nitrocellulose membranes
were purchased from Bio-Rad Laboratories (Hercules, CA, USA).
Immobilon™ Western (chemiluminescent horseradish peroxidase (HRP)
substrate) and western blot detection kits were obtained from Millipore
Corporation (Billerica, MA, USA). Unless stated otherwise, all other
chemicals used were of highest analytical grade and were purchased
from Sigma Chemicals.

2.2. Animals and treatment regimen

Male albino rats approximately 8weeks old and weighing
200-240 g were procured from the experimental animal care center,
College of Pharmacy, King Saud University, Riyadh, Kingdom of Saudi
Arabia. They were kept in controlled environmental conditions of
temperature (22 * 2°C) and humidity (45-55%), and had free access
to a standard pellet diet and fresh drinking water throughout the study.
All experiments were carried out according to the Guidelines of Animal
Care and Use Committee at King Saud University.

The rats were randomly divided into four groups. Group 1 was the
control group, in which rats received normal saline for three weeks.
Group 2 was the toxic group, in which rats received carfilzomib 4 mg/
kg, intraperitoneally twice weekly for three consecutive weeks. Groups
3 and 4 were the treatment groups, with carfilzomib used following the
same schedule as in group 2 plus apremilast administered orally at ei-
ther 10 mg/kg/day (group 3) or 20 mg/kg/day (group 4) for three
weeks.

2.3. Western blot analysis

Protein was extracted from lung tissue using protein lysis buffer as
detailed previously [19]. Briefly, lung tissue was washed with ice-cold
phosphate buffered saline, cut into small pieces, and homogenized se-
parately in cold protein lysis buffer containing protease inhibitor
cocktail [20]. Total protein was obtained by incubating the cell lysates
on ice for 1h, with intermittent vortex mixing every 10 min, followed
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by centrifugation at 12,000 x g for 10 min at 4 °C. Total protein was
measured using the Lowry method [21]. Protein expression was mea-
sured by the western blot technique as previously described [20].
Briefly, 25-50 ug of protein from each group was separated by 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and electrophoretically transferred to an Immun-Blot® LV PVDF mem-
brane (Bio-Rad). Protein blots were blocked overnight at 4 °C, followed
by incubation with primary antibodies against nitric oxide synthase-2
(NOS-2), IL-17, nuclear factor-kappa B (NF-kB) p65, and IkBa (all from
Santa Cruz Biotechnology) and HRP-conjugated secondary antibodies
at room temperature. Bands were visualized using the enhanced Che-
miluminescent HRP substrate (Millipore) and quantified relative to p-
actin bands using the ImageJ® imaging processing program (National
Institutes of Health, Bethesda, MD, USA). Images were taken using a C-
Digit Chemoluminescent Western blot scanner (LI-COR, Lincoln, NB,
USA).

2.4. RT-PCR analysis

2.4.1. RNA extraction and cDNA synthesis

Crushed ice and ice-cold reagents were used for extraction of RNA
and cDNA synthesis steps. Lungs tissue was homogenized with TRIzol
reagents (Life Technology/Invitrogen, Carlsbad, CA, USA) to isolate
total RNA as described by the manufacturer. Quantification of total
isolated RNA was done by measuring absorbance at 260 nm and 280 nm
and determining the 260/280 ratio. A ratio < 0.2 indicated pure RNA.
High capacity cDNA and reverse transcription kit (Applied Biosystems)
was used to convert 1 pg of total RNA into first strand cDNA, following
the manufacturer's instructions. Briefly, from each sample of total RNA,
1.5pug was added to a mixture of 2.0 ul of 10 X reverse transcription
buffer, 0.8l of 25x dNTP mix (100 mM), 2.0 ul of 10X reverse
transcription random primers, 1.0yl of Multi-scribe reverse tran-
scriptase, and 3.2 pl of nuclease-free water. This reaction mixture was
kept at 25 °C for 10 min and then heated to 37 °C for 120 min, followed
by 85 °C for 5min, and then cooled at 4 °C [20].

2.4.2. RT-PCR quantification of mRNA expression in lung tissue via RT-
PCR

Quantitatively specific gene mRNA expression analysis was done by
real-time polymerase chain reaction (RT-PCR) using 96-well reaction
plate PCR amplifier in the Fast ABI 7500 sequence detection system
(Applied Biosystems) as previously described [20] [2]. The 25 pl reac-
tion mixture contained 0.1 ul of 10 uM forward and 0.1 pl of 10 uM
reverse primer (40 uM final concentration of each primer), 12.5uM of
SYBER green Universal Master Mix, 11.05 pl of nuclease-free water, and
1.25 pl of cDNA sample. The primers were purchased from Integrated
DNA Technology (Coralville, IA, USA). The sequences were selected
from PubMed and our database (Table 1). The levels of target mRNA
expression were expressed as the fold-change between the groups and
were correlated by the levels of mRNA expression of (3-actin. The RT-
PCR data were analyzed using the relative gene expression (i.e., AACr)
method [19].

2.5. MPO activity

MPO is associated with the induction of lung injury, which reflects

Table 1

Rat primers sequence used for RT-PCR reactions.
Gene Forward primer Reverse primer
TNF-a 5'GCGGAGTCCGGGCAGGTCTA3’ 5'GGGGGCTGGCTCTGTGAGGA3’
IL-10 5’ACCTGCTCCACTGCCTTGCT3” 5’GGTTGCCAAGCCTTATCGGA3’
NF-kB 5’ACCCCTTTCAAGTTCCCATAGA3’ 5’ACCTCAATGTCTTCTTTCTGCAC3”

B-Actin

5’CCAGATCATGTTTGAGACCTTCAA3’

5’GTGGTACGACCAGAGGCATACA3’
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Fig. 1. Effects of apremilast on CFZ-induced decrease in glutathione content.
Statistical analysis was performed using one-way ANOVA followed by Newman-
Keuls Multiple comparisons test. *p < 0.05 compared with control group;
#p < 0.05 compared with the carfilzomib group.

the infiltration of neutrophils into the lung. MPO activity was measured
utilizing 3,3’,5,5’ tetramethylbenzidine (TMB) in 96-well microtitre
plates in a modification of a previously described procedure [22].
Briefly, the reaction mixture containing MPO substrate buffer and the
supernatant was incubated for 20 min at room temperature. The reac-
tion mixture was assayed for MPO activity by measuring the optical
density (OD) at 460 nm.

2.6. Determination of TNF-a

TNF-a in the lung tissue homogenates were estimated with corre-
sponding ELISA kit according to the manufacturer's instructions (Bio
Legend, Inc., San Diego, CA, USA).

2.7. Determination of MDA content

An elevated MDA content in tissue indicates an increased lipid
peroxidation, which in turn indicates increased tissue/cellular stress
[23]. An aliquot (100 pl) of phenazine ethyl sulfate solution was added
to a reaction mixture containing 200 pl of 8.1% (w/v) SDS, 1.5ml of
20% (v/v) acetic acid (pH 3.5), 1.5ml of 0.8% (w/v) TBA, and 700 pl
distilled water. The reaction mixture was boiled for 1 h at 90 + 5°C,
cooled under a flow of tap water, centrifuged at 8000 X g for 10 min.
The absorbance of the supernatant was measured using an ultraviolet
(UV) spectrophotometer at 650 nm against a blank. MDA was expressed
in nmol per mg protein.

2.8. Reduced GSH assay

The disparity in oxidant and antioxidant levels plays a significant
role in lung inflammation. GSH levels in lung tissue were measured as
previously described [24]. The absorbance of the reaction mixture was
measured within 5min of addition of DTNB at 412 nm using the UV
spectrophotometer and compared against a blank.

2.9. GSH reductase (GR) activity

GR activity in lung tissue was measured as previously described
[25] using a microplate reader. The absorbance of the sample and
standard was measured at 412nm at room temperature. The enzyme
activity was expressed as nmol NADPH oxidized/min/mg protein.

2.10. Histopathological evaluation

Lung tissues were harvested on the final day of dosing, 4 h after p.o.
administration of apremilast. Each tissue sample was fixed for 4 days in
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Fig. 2. Effects of apremilast on CFZ-induced decrease in glutathione reductase
activity. Statistical analysis was performed using one-way ANOVA followed by
Newman-Keuls Multiple comparisons test. *p < 0.05 compared with control
group; “p < 0.05 compared with the carfilzomib group.

10% buffer formosaline, decalcified in ethylenediamine tetraacetic acid
in 5% formic acid, embedded in paraffin, and sectioned (3-4 um).
Tissue sections were stained with hematoxylin and eosin (H&E) for
histopathological examination by light microscopy. Alveolar destruc-
tion, vascular proliferation, and inflammatory cell infiltration were
assessed.

2.11. Statistical analyses

All data are presented as the mean = SEM with six animals in-
cluded in each group. One-way ANOVA was followed by Newman-Keuls
Multiple comparison test. Data was considered statistically significant
when the p-value was < 0.05. Statistical analysis was performed by
using GraphPad Prism 3.0, (GraphPad Software, La Jolla, CA, USA).

3. Results
3.1. Endogenous antioxidant defenses

The administration of carfilzomib resulted in a marked decrease in
GSH content and GR activity as compared to control (Figs. 1 and 2).
Treatment with apremilast showed dose dependent effects and pro-
duced a significant (p < 0.05) dose dependently increase in GSH
content whereas in GR activity only higher dose showed reversal of GR
activity. These effects confirmed that apremilast prevented carfilzomib-
induced lung injury in rats.

3.2. Oxidative damage and inflammation

Carfilzomib administration caused significant oxidative damage to
the cell membrane in terms of significant (p < 0.05) increased levels of
MDA (Fig. 3). The increased levels of MDA were dose dependently re-
versed by apremilast treatment. The observed increases in the level of
proinflammatory cytokine TNF-a (Fig. 4) and MPO activity (Fig. 5) in
the carfilzomib administration group indicated the induction of in-
flammation accompanied by oxidative damage. Increased levels of TNF-
a dose dependently reversed by apremilast while MPO enzymes showed
similar activity with both doses of apremilast treatment.

3.3. Gene expression analysis

These findings were further confirmed by RT-PCR analysis. TNF-a is
a pro-inflammatory marker. Apremilast inhibits TNF-a mediated acti-
vation of NF-kB and oxidative stress and prevents lung injury and for-
mation of reactive oxygen species (ROS). RT-PCR analysis revealed an
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Fig. 3. Effects of apremilast on CFZ-induced increase in malondialdehyde le-
vels. Statistical analysis was performed using one-way ANOVA followed by
Newman-Keuls Multiple comparisons test. *p < 0.05 compared with control
group; #p < 0.05 compared with the carfilzomib group.
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Fig. 4. Effects of apremilast on CFZ-induced increase in TNF-a levels. Statistical
analysis was performed using one-way ANOVA followed by Newman-Keuls
Multiple comparisons test. *p < 0.05 compared with control group;
#p < 0.05 compared with the carfilzomib group.
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Fig. 5. Effects of apremilast on CFZ-induced increase in MPO activity.
Statistical analysis was performed using one-way ANOVA followed by Newman-
Keuls Multiple comparisons test. *p < 0.05 compared with control group;
#p < 0.05 compared with the carfilzomib group.
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Fig. 6. Effects of apremilast on CFZ-induced increase in mRNA expression of
NF-kB were measured by quantitative RT-PCR analysis. Each value indicates the
mean * SEM of six animals per group. Statistical analysis was performed using
one-way ANOVA followed by the Newman-Keuls Multiple comparisons test.
*p < 0.05 compared with control group; *p < 0.05 compared with the car-
filzomib group.
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Fig. 7. Effects of apremilast on CFZ-induced increase in mRNA expression of
TNF-o were measured by quantitative RT-PCR analysis. Each value indicates
the mean + SEM of six animals per group. Statistical analysis was performed
using one-way ANOVA followed by the Newman-Keuls Multiple comparisons
test. *p < 0.05 compared with control group; *p < 0.05 compared with the
carfilzomib group.
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Fig. 8. Effects of apremilast on CFZ-induced decreased in mRNA expression of
IL-10 were measured by quantitative RT-PCR analysis. Each value indicates the
mean * SEM of six animals per group. Statistical analysis was performed using
one-way ANOVA followed by the Newman-Keuls Multiple comparisons test.
*p < 0.05 compared with control group; *p < 0.05 compared with the car-
filzomib group.
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Fig. 9. Effects of apremilast on CFZ-induced decreased in expression of IL-10
protein were measured by western blot analysis. Statistical analysis was per-
formed using one-way ANOVA followed by the Newman-Keuls Multiple com-
parisons test. *p < 0.05 compared with control group; *p < 0.05 compared
with the carfilzomib group.
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Fig. 10. Effects of apremilast on CFZ-induced decreased in expression of TNF-a
protein were measured by western blot analysis. Statistical analysis was per-
formed using one-way ANOVA followed by the Newman-Keuls Multiple com-
parisons test. *p < 0.05 compared with control group; *p < 0.05 compared
with the carfilzomib group.

increased mRNA expression of TNF-a and NF-kB p65 in the carfilzomib
group. These increases were reversed by treatment with apremilast in
lung tissues (Figs. 6 and 7). Carfilzomib downregulated the expression
of IL10, an anti-inflammatory cytokine (Fig. 8). The higher dose of
apremilast (20 mg/kg) significantly reversed the effects on IL10. Effects
on pro- and anti-inflammatory cytokines (TNF-a and IL10, respectively)
were confirmed by western blot analysis (Figs. 9 and 10).

3.4. Histopathology

The histopathological data are presented in Fig. 11. The normal
morphological structures were seen in the control groups (Fig. 11A and
B), whereas innumerable histopathological degenerative changes were
evident with carfilzomib treatment in lung tissue at 40 x and 60 X
(Fig. 11C, D, E, F, G, H, I). Treatment of rats with carfilzomib produced
severe vascular changes and hemorrhage, as evident by the presence of
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neutrophil in to the interstitial and alveolar spaces, macrophage and
some eosinophils. Histological changes also shows presence of protei-
naceous debris filled in the airspaces, hyalinization of the membranes
and alveolar septal thickening. Infiltration of the neutrophils and
monocytes in to the interstitial space, alveolar septal thickening and
presence of hyaline membrane represents as pneumocyte injury. These
changes were impeded by apremilast (Fig. 11J, K and L). Carfilzomib
produced histopathological findings of microscopic hemorrhage
(Fig. 11B, C). Vascular changes also identified (Fig. 11D & E), and in-
cluded hyalinization, and endothelial and smooth muscle proliferation
(Fig. 11D, E), plexiform vascular structures, and recanalization
(Fig. 11H, I). Inflammatory infiltrate was predominantly drug-induced
neutrophil and eosinophilic infiltrate. Additionally, there was infiltra-
tion of plasma cells, lymphocytes, and histiocytes. Hemorrhage was
documented by identifying hemosiderin-laden macrophages, which
showed refractile, coarse brown-colored pigment engulfed by macro-
phages (Fig. 11E, F). Treatment with apremilast markedly reduced in-
filtration of neutrophil in to the interstitial and alveolar spaces, mac-
rophage and eosinophils. Significantly reduced membrane hyalinization
and alveolar septal thickening. Treatment with apremilast reverses
these changes but some scars of toxicity also reported. Scoring of lung
injury were done using lung injury scoring system (Table 2) and a lung
injury score data presented in Table 3.

4. Discussion

Chemotherapeutic interventions often have toxic effects on the
cancerous cells and normal healthy cells as well. Usually, healthy di-
viding cells, including bone marrow, gastrointestinal mucosa, and hair
follicles are the primary targets of the anticancer agents. However,
these agents can also exert their toxic effects on particular organs, in-
cluding the lung, liver, kidneys, and heart, among others. Carfilzomib,
which is used in the treatment of relapsing multiple myeloma, also has
toxic effects that include lung injury.

The present investigation focused on the inflammatory lung injury
induced by carfilzomib in rats. The administration of carfilzomib in-
duced lung inflammation that was evident by increased levels of the
proinflammatory cytokine, TNF-a, and increased MPO activity. These
effects were accompanied by depletion in cellular antioxidant defenses,
as evident by reduced GSH and GR activities. The increase in lipid
peroxidation emphasized the oxidative damage in the inflammatory
environment. The oxidative environment plays a major role in in-
flammatory processes and induction of TNF-a [26]. Presently, these
effects were efficiently reversed by the anti-inflammatory drug apre-
milast. These findings provide further evidence of the establishment of
oxidative stress in an inflammatory environment, and not vice versa.

While the reversal of oxidative stress by apremilast was apparent,
the inclusion of parameters associated with inflammation associated
parameters means the findings do not conclusively suggest the apre-
milast has antioxidant activities. The findings do infer that the oxidative
stress produced in the present experimental setup was a consequence of
inflammation induced by carfilzomib.

The NF-kB pathway is activated by TNF-a and plays an important
role in inflammation [27]. Another cytokine, IL10, is anti-inflammatory
in nature [28] and plays a significant role in NF-xB pathway regulation
by inhibiting its activities. IL-10 inhibits TNF-a-mediated NF-xB acti-
vation [29]. We observed that carfilzomib upregulated TNF-a and
downregulated IL10 along with upregulation of NF-kB, suggesting that
this pathway is involved in the induction of inflammation by this drug
and consequent lung injury. However, apremilast reversed these effects
by significantly upregulating IL10. However, the lower dose of apre-
milast (10 mg/kg) remained ineffective in mitigating inflammatory ef-
fects induced by carfilzomib. All these effects were confirmed via his-
tological examination of lung sections from the different groups of rats
and compared with sections from controls.

It can be suggested that inflammation, and not oxidative stress,
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Fig. 11. (A & B): Showing normal morphological structures (H&E, 10 x and 20 x respectively).

C = Acute lung injury showing neutrophil in interstitial space (green arrowhead) and neutrophil in alveolar space (orange arrowhead) and some eosinophil (green
arrow). Proteinaceous debris filling the airspaces (red arrow). Hyaline membranes (red arrowhead). Alveolar septal thickening (blue arrowhead). Macrophage
(orange arrow) Pneumocyte injury (blue arrow).

D = Plexiform artery with slit like recanalization, hyalinization, endothelial & smooth muscle proliferation (circular). Hemorrhage and chronic inflammation (black
rectangle). Endothelial and smooth muscle proliferation and hyalinization of pulmonary artery (black arrow).

E = Hemorrhage; refractile coarse brown pigment consistent with hemosiderin laden macrophages (black arrowhead). Chronic inflammation with neutrophils,
histiocytes, plasma cells and lymphocytes (oval). Endothelial and smooth muscle proliferation and hyalinization of pulmonary artery (black arrow).

F = Neutrophil (green arrowhead) and pneumocyte injury (green double arrow).

G = Neutrophil (green arrowhead).

H = Plexiform artery with multiple slit like recanalization, hyalinization, endothelial & smooth muscle proliferation (oval). Also seen is chronic inflammation.

1 = Plexiform artery with multiple slit like recanalization (arrowheads), hyalinization, endothelial & smooth muscle proliferation (arrow).

(J, K & L): Shows recovery from the toxicity but having some scars of toxicity. (For interpretation of the references to color in this figure legend, the reader is referred
to the web version of this article.)

Table 2 and severe vascular changes (eosinophilic, plasmacytic, lymphocytic
Lung injury scoring system. and histiocytic inflammation) were detected. These changes could be
S no  Parameter Score per field impeded by using 20mg apremilast (Fig. 11A). Severe vascular

changes, hemorrhage, and release of various inflammation mediators
0 1 2 are characteristic features of ALI. Changes in the lung vasculature lead
to pulmonary hemorrhage and inflammatory infiltrations [8,12,13,30].

A. Neutrophils in the alveolar space None 1-5 >5 . s . .

B Neutrophils in the interstitial space None 15 -5 Furtherrr}ore, this condition leads to h.yahnl.zatlon of. the arterioles,
C Hyaline membranes None 1 -1 endothelial and smooth muscle proliferation, plexiform vascular
D. Proteinaceous debris filling the airspaces ~ None 1 >1 structures, and recanalization. These changes due to carfilzomib were
E. Alveolar septal thickening <2X 2X-4x > 4X reversed in a dose-dependent manner with apremilast. Carfilzomib

additionally causes severe vasculopathy [11,30,31]. These findings are
consistent with pulmonary hypertension [32-34]. Furthermore, carfil-
zomib induces lung inflammation, which we have demonstrated by
carrying out histopathological studies, similar to a previous study [30].

In conclusion, the protective role of apremilast conveyed substantial
attenuation of oxidative stress parameters, improvement in in-
flammatory markers, as well as restoration of lung structures. Thus, the
current study suggests that apremilast may be beneficial in case of lung

Score = [(20 X A) + (14 X B) + (7 X C) + (7 X D) + (2 X E)] / (number of
fields x 100).

plays a central role in carfilzomib-induced lung injuries in rats, and that
the anti-inflammatory agent apremilast is capable of preventing these
injuries by inhibiting the NF-xB pathway by upregulating IL10 and
downregulating TNF-a.

In the histopathological examination, inflammation, hemorrhage,
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Table 3
Histopathology scoring in lung injury.
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S. no Parameters Control CFZ (4 mg/kg) AP + CFZ (10 mg/kg) AP + CFZ (20 mg/kg)
A Neutrophils in the alveolar space 0 2 1 0
B Neutrophils in the interstitial space 0 2 1 1
C Hyaline membranes 0 2 0 0
D Proteinaceous debris filling the airspaces 0 2 1 1
E Alveolar septal thickening 1 1 0 0
Total score= 0.020 0.980 0.410 0.210

Note = Zero indicates no injury and one (1) indicates maximum injury.

injury caused by carfilzomib.

Treatment of rats with carfilzomib produced severe vascular

changes and hemorrhage, indicated by neutrophil infiltration in to the
interstitial space and alveolar spaces which were consistent with pul-
monary hypertension and hemorrhage, and drug-related inflammation
(eosinophilic, plasmacytic, lymphocytic and histiocytic inflammation).
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