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Introduction 
Kavain is known as a treatment for certain diseases [1-3]. 

Amar’s group recently reported that, in vivo, Kavain mediated 
alveolar bone loss and inflammatory infiltrate in a mnouse model 
[4]. Kavain is found to affect TNF-α production through regulation 
of NF-kB [5] and to be inhibited by ERK2 dephosphorylation in 
vitro or in vivo [6]. Our previous data indicate that Kavain inhibits P. 
gingivalis/LPS-induced inflammation/inflammatory disease [7,8]. 
Recently, we found that Kavain grants small amounts of toxicity 
to mammalian cells, most likely due to its insoluble chemical 
structure with hydrophobicity. To address this issue, we designed 
and synthesized compounds with the basic chemical structure of 
Kavain with a different number of hydrophilic bonds. One soluble 
compound (named Kav001) from the Kavain analogue was selected 
and further confirmed to have a stronger biological function 
than Kavain by in vitro/in vivo experiments such as CAIA mouse 
models or endotoxic shock [9]. In this paper, we further found that 
Kav001 not only inhibits TNF-α, but also IL-1β, IL-6, caspase 1 
and neutrophil infiltration. However, this phenomenon cannot be 
observed when macrophages are treated with LPS plus Kavain. We  

 
believe that Kav001 may mediate a novel link between Kav001 and  
LPS-induced inflammation and may be used as a key inhibitor to 
LPS-induced inflammation/inflammatory disease. 

Materials and Methods
Animals and cells

Wild type mice (8-10 week-old C57BL/6, Jackson Labs) were 
maintained under strict specific pathogen-free (SPF) conditions. 
All protocols were approved by the Boston University Institutional 
Animal Care and Use Committee and were performed in compliance 
with the relevant animal care and use laws and institutional 
guidelines. THP-1 cells (TIB-202, ATCC) were cultured in a RPMI-
1640 media (Cat#: 11875–093, Life Technologies, NY) with 10% 
FBS at 37 °C in a 5% CO2 atmosphere.

Compounds
Commercial Kavain (Cat#59780, Sigma‐Aldrich Co., Natick, 

MA) and custom synthesized analogue Kav001 (Lot#KB180125, 
KareBay Biochem, Inc.) were obtained. The analysis of each 
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compound shows that ≥95% purity. The stock concentration of each 
compound was prepared with 10μg/μl. The compound was diluted 
to 100μg/ml in 25% DMSO for Kavain or in water for Kav001 just 
before the experiment.

Elisa
The treated media from THP-1 cells were subjected to ELISA 

for TNF-α detection with the kit (Cat#: ab181421, Abcam), IL-1β 
detection with the kit (Cat#: ab100562, Abcam), IL-6 detection 
with the kit (Cat#: KHC0061, Life technologies), IL-4 detection 
with the kit (Cat#: BMS225-2, Thermo Fisher), or Caspase 1 (Cat#: 
ab219633, Abcam). ELISA immunoreactivity was measured by a 
reader (Model 680, Bio-Rad). The data were graphed.

Neutrophil Infiltration Assay 
Mice (n=3) were untreated or treated by i.p. injection of E.coli 

LPS (1mg/kg body weight) and/or oral gavage of Kav001 (30mg/
kg) for 24hrs. Skin tissues from each group were taken and fixed in 
4% paraformaldehyde, then embedded in O.C.T. compound [10,11]. 
Skin sections (5μm) were made and stained with H&E (hematoxylin 
and eosin). Results were analyzed and imaged.

Protein Array
1 × 105 THP-1 cells were treated with 100µg/ml of E. coli LPS 

(Sigma) or plus Kav001 (0.1mg/ml) for 16 hrs at 37 °C. The medium 
from each test was centrifuged at 1,500 × g and then treated with a 
specific kit for human protein cytokine array (RayBiotech, Norcross, 
GA) based on the manufacturer’s instructions. The data were 
analyzed using a Verrado Imaging System (Bio-Rad) and graphed.

Statistical Analysis
All tests were done in triplicate and statistical analyses were 

done with the SAS software package. All data were normally 
distributed. For multiple mean comparisons, we conducted ANOVA 
analysis by the Student’s t-test for single mean comparison. P values 
less than 0.05 were considered significant.

Results
In order to examine whether Kav001 also inhibits other 

cytokines besides TNF-α, we made a relevant experiment via 
ELISA. As shown in Figure 1A-1C, co-treatment of LPS plus Kav001 
(A-C, #4) significantly reduces LPS-induced TNF-α, IL-1β, or IL-6 
compared to the positive controls (A-C, #2). This phenomenon for 
detection of TNF-α was also observed while co-treatment of LPS 
plus Kavain but was not detectable for IL-1β or IL-6 production 
(1B&C, #3) As shown in Figure 1D,1B. Additionally, neither Kavain 
nor Kav001 was found to affect IL-4. Because our preliminary data 
indicate that Kav001 affects some cytokines in response to LPS, we 
were therefore interested in whether Kav001 is involved in other 
stimuli-mediated cytokines. As shown in Figure 1E & 1G, Kav001 
strongly reduced all three stimuli-induced cytokine productions, 
TNF-α (E, No.4), IL-1β (F, No.4), and IL-6 (G, No.4) compared to 
their positive control (No.2 of E, F, or G). This phenomenon for 
reduction of IL-1β (F, No.3) or IL-6 (G, No.3) was not observed with 
co-treatment of stimuli plus Kavain. Since it is known that caspase 
1 expression is activated with TNF-α, IL-1 beta, or IL-6 [12-14], we 
wanted to further test whether Kav001 inhibits caspase 1 caused 
by TNF-α, IL-1 beta, or IL-6. As shown in Figure 1F & 1H, Kav001 
(H, No.6) reduced LPS-induced caspase 1 compared to the positive 
control (H, No.2). 

Figure 1: ELISA analysis. THP-1 cells were untreated as control (No.1, A-D) or treated with LPS alone (0.1µg/ml, No.2 of A-D) 
as positive control, or co-treated with LPS (0.1µg/ml) plus Kavain (100 µg/ml, No.3 of A-D) or plus Kav001 (100µg/ml, No.4 
of A-D) o/n. The medium from each group was detected by ELISA with the antibody against TNF-α (A), IL-1β (B), IL-6 (C), 
or IL-4 (D) and analyzed. THP-1 cells were untreated as control (No.1, E-G) or treated with 5ng/ml TNF-α (E, No.2-4), 10ng/
ml IL-1β (F, No.2-4), or 10ng/ml IL-6 (G, No.2-4), plus with 100µg/ml of Kavain (E=G, No.3) or plus 100µg/ml Kav001 (E-G, 
No. 4) for 2hrs. Cells were then washed with pBS and cultured overnight. The treated medium from each group was measured 
by ELISA against TNF-α (E), IL-1β (F), or IL-6 (G). THP-1 cells were untreated (H, No.1) or treated with 100µg/ml Kavain (H, 
No.3),100µg/ml Kav001 (H, No.4), 0.1µg/ml LPS (H, No.2) ass positive control, or co-treated with LPS plus Kavain (H, No.5) 
or plus Kav001 (H, No.6) o/n. The treated medium from each group was measured by ELISA against caspase 1. Note: The 
chemical structure of Kavain or Kav001 was attached above.
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As a control, Kavain did not reduce LPS-induced caspase 1, but 
instead increased its value (H, No.5). In order to analyze whether 
the treatment of Kav001 affects any kinases/protein upstream of 
caspase 1 in response to LPS, a kinase/protein array was performed. 
As shown in Figure 2B & 2C Kav001 significantly reduced LPS-
induced kinases such as Akt (Protein kinase B) at 17%, ATM (Ataxia 
telangiectasia mutated) at 13%, caspase 3 at 11.5%, caspase 7 at 
8.6%, CHK1 (Checkpoint kinase 1) at 26.4%, CHK2 (Checkpoint 
kinase 2) at 15.3%, and ERK1/2 at 12.7%/14.8%, but does not 

affect p27, p53, or TAK1 (Transforming growth factor beta-activated 
kinase 1 (Figure 2A & 2D). As it is known that subcutaneous injection 
of LPS in mice induces neutrophil infiltration of tissues [15,16], we 
were therefore interested in whether Kav001 treatment is able to 
suppress LPS-induced neutrophil infiltration. As shown in Figure 
3A & 3D, indeed, subcutaneous treatment of 30mg/kg of Kav001 
significantly reduced LPS-induced Neutrophil infiltration of tissues 
in mouse (DI,II, III) compared to the positive control (CI,II, III).

Figure 2: Kinase/Protein array. (A) The stamped identification number on the array. (B) THP-1 cells were untreated or treated 
with LPS alone or LPS+ Kav001 over night. The conditioned medium from each test group was assessed by protein assay and 
quantified by a Versace Imaging System. (C) Analysis of the intensity on the array filter. The cell intensity treated by LPS was 
assigned to 100% as base value and compared to the others. There ratio was calculated in this table.

Figure 3: Neutrophil infiltration assay. Mice (n=3) were untreated (A) or oral gavage-treated with 30mg/kg of KaV001 alone 
(B) as negative control or treated by i.p. injection of LPS (1mg/kg body) alone as the positive control (C) or co-treated with i.p. 
injection of LPS (1mg/kg body) plus oral gavage of Kav001 (30mg/kg) as test group (D) for 24hrs. Skin tissues from each group 
were taken and fixed in 4% paraformaldehyde, then embedded in O.C.T. compound. Skin sections (5μm) were prepared, 
routinely stained with hematoxylin and eosin (H&E) and imaged.
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Discussion
Kavain was shown to affect TNF-α transcriptional regulation [6-

8]. Compared with Kavain, Kav001 not only inhibits LPS-induced 
TNF-α, , but also IL-1β, IL-6, caspase 1 or Neutrophil infiltration. 
DMSO is known to be widely used as reagent solvent but sometimes 
causes a little toxicity to mammalian cells [17]. It is known that 
Kavain is dissolved in the higher concentration of DMSO (≥25%) 
while Kav001 is completely dissolved in water. This water-soluble 
property may be the reason why Kav001 prevent DMSO-mediated 
toxicity to cells with a longer period of efficacy. Our most recent data 
support this potential hypothesis [9]. Additionally, neutrophils are 
the innate immune response and thus, neutrophilic infiltration of 
tissues is involved in many inflammatory diseases [18,19]. In order 
to inhibit the neutrophilic infiltration from tissue injury (I/R injury, 
brain injury, ethanol feeding-induced liver injury), several inhibitors 
such as MgIG (Magnesium isoglycyrrhizinate), Clenbuterol, 
Phillyrin, or PAI-1 (Plasminogen activator inhibitor-1) have been 
widely studied [20,21]. Researcher groups have also suggested that 
these inhibitors suppress infiltration of neutrophils via regulation 
of factors such as MyD88 or p38 MAPK [22,23]. However, these 
studies of certain inhibitors leave several questions, such as 
whether there is a common key point between their pathways. 
Our data here also show that the treatment of Kav001 significantly 
reduces LPS-induced neutrophilic infiltration. Thus, Kav001 may 
be used for suppression of neutrophil infiltration induced by other 
stimuli or injuries. Since TNF-α, IL-1β, or IL-6 was found here to be 
inhibited by Kav001, we assume that Kav001 may have treatment 
for inflammatory diseases caused by these cytokines (TNF-α, IL-1β, 
or IL-6). We will try to address this hypothesis for future research.
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