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Abstract: The main aim of this study is to find a therapeutic compound to inhibit IL-6, not 

TNF-alpha and IL-1beta, in macrophage-like cells, because the high-levels of IL-6 production by 

macrophages are reported to cause unfavorable outcomes under several disease conditions (e.g., 

autoimmune diseases, and acute viral infections, including COVID-19). In this study, the potential 

effects of javamide-II on IL-6, IL-1beta and TNF-alpha productions were determined using their 

ELISA kits in macrophage-like THP-1 cells. Western blots were also performed using the same 

cells, to determine its effects on signaling pathways (ERK, p38, JNK, c-Fos, ATF-2, c-Jun and NF-κB 

p65). At concentrations of 0.2–40 µM, javamide-II inhibited IL-6 production significantly in the 

THP-1 cells (IC50 of 0.8 µM) (P < 0.02). However, javamide-II did not inhibit IL-1beta or TNF-alpha 

productions much at the same concentrations. In addition, the treatment of javamide-II decreased 

the phosphorylation of p38 without significant effects on ERK and JNK phosphorylations in the 

THP-1 cells. Furthermore, the p38 inhibition, followed by the reduction of ATF-2 phosphorylation 

(not c-Fos, c-Jun or NF-κB p65), led to the suppression of IL-6 mRNA expression in the cells (P < 

0.02). The data indicate that javamide-II may be a potent compound to inhibit IL-6 production via 

suppressing the p38 signal pathway, without significant effects on the productions of TNF-alpha 

and IL-1beta in macrophage-like THP-1 cells. 

Keywords: Javamide-II (N-caffeoyltryptophan); infection; COVID-19; IL-6 inhibition; p38/ATF-2; 

macrophage-like THP-1 cells 

 

1. Introduction 

Interleukin-6 (IL-6) is a pleiotropic cytokine that plays crucial roles in not only the immune 

functions but also a variety of biological processes, such as metabolism, bone homeostasis and 

cognitive functions [1–8]. Interleukin-6 is produced by numerous cells, including macrophages, 

monocytes, and T- and B-lymphocytes [1,2]. Especially, IL-6 is quickly produced from macrophages 

in response to infections (e.g., microbial, virus) and wounds, for protecting the host by stimulating 

immune reactions [2–5]. However, the high-levels of IL-6 production by macrophages are reported 

to have unfavorable consequences on inflammation, autoimmune diseases and other diseases [3–9]. 

Moreover, the dysfunction of IL-6 regulation is often found to be associated with the progression of 

several diseases, such as diabetes, liver diseases, rheumatoid arthritis and Crohn’s disease [3–9]. 

Furthermore, some reports suggest that perpetual elevation of IL-6 may even be related to the 

progression of acute viral infections, including COVID-19, and the inhibition of IL-6′s effects may 

have beneficial effects on mitigating the disease [10,11]. Therefore, the compounds that inhibit IL-6 

have been relentlessly searched for in attenuating IL-6-related diseases [3–6]. In fact, several IL-6 

inhibitors are now available, but most of them were reported to have undesirable side-effects or low 

efficacy [5]. In addition, these inhibitors often inhibit IL-6 with other inflammatory cytokines (e.g., 
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TNF-alpha and IL-1beta), making it unfeasible to determine discrete outcomes of IL-6 selective 

inhibition in cells [5–9]. 

In our laboratory, we have screened/investigated therapeutic compounds able to inhibit 

inflammatory cytokines, including IL-6, for years. Recently, our and other studies suggested that 

coffee may contain several anti-inflammatory compounds, although the compounds responsible for 

the action have not been fully identified [12–22]. Javamide-I (N-coumaroyltryptophan) and 

javamide-II (N-caffeoyltryptophan) are tryptophan-derived phenolic amide compounds found in 

plant sources, including coffee [18–22]. Although javamide-I/-II contain a very similar chemical 

structure, our recent studies suggest that javamide-II and its analogues may have more potency than 

javamide-I in exerting several biological activities, including anti-inflammatory activity [18–22]. 

However, despite its potency, there is currently no information about the effect of javamide-II on 

IL-6 in macrophages which are critically participated in innate and adaptive immunity. 

Furthermore, its differential effects on other inflammatory cytokines, such as IL-1beta and 

TNF-alpha, have not been investigated as related to IL-6 inhibition, even though their inhibitions 

may have significant influences on biological outcomes of IL-6 inhibition. Therefore, in this paper, 

the potential effect of javamide-II on the expression of IL-6 cytokine was first investigated in PMA 

(phorbol 12-myristate 13-acetate)-differentiated macrophage-like THP-1 cells. Then, the inhibitory 

effects of javamide-II on TNF-alpha and IL-1 beta productions were comparatively examined with 

those on IL-6, in order to gauge its IL-6 selectivity [23–27]. Additionally, in this study, the effects of 

javamide-II on major signal transduction pathways (ERK (extracellular-signal-regulated kinase), 

JNK (c-Jun N-terminal kinase), p38) and associated transcriptional factors (ATF-2, c-Fos, c-Jun, and 

NF-κB p65) were also investigated to elucidate the underlying mechanism of IL-6 inhibition in the 

macrophage-like THP-1 cells. 

2. Materials and Methods 

2.1. Materials 

Tryptophan, caffeic acid, 1,3-diisopropylcarbodiimide (DIC), dimethyl sulfoxide (DMSO) and 

other chemicals were purchased from Sigma Chemical Co. (St. Louis, MO, USA). Javamide-II was 

prepared as reported previously [19]. Briefly, caffeic acid (5 mmol) in DMSO (10 mL) was converted 

to the symmetrical anhydride with DIC (5 mmol), and then tryptophan (5 mmol) modified with 

phenylpropanol (5mmol) using a Fisher esterification method was added to the reaction mixture. 

The reaction mixture was incubated at room temperatures with a gentle stirring for 12 h. After that, 

the synthesized products were incubated under an alkaline condition (pH = 10) to remove 

phenylpropanol moiety, then javamide-II was purified by the HPLC (High Performance Liquid 

Chromatography (Waters, Milford, MA)) method as reported previously [19]. Briefly, Nova-Pak C18 

(Waters, Milford, MA) was used as the stationary phase to purify synthesized javamide-II using a 

gradient condition; buffer A (50 mM NaH2PO4, pH 4.3) for 0–5 min, a linear change from buffer A to 

buffer B (40% acetonitril) for 5–40 min, and buffer B for 10 min at the flow rate of 1 mL/min. The 

javamide-II peak was monitored by CoulArray electrochemical detector (ESA, Chelmsford, MA, 

USA). The fractions with javamide-II were collected, heat-dried and dissolved in 10% ethanol (0.2 

mL). The purified compound was also confirmed by NMR spectroscopic methods for this study. 

THP-1 cells were obtained from ATCC (Manassas, VA, USA). Antibodies for Western blots [Erk1/2 

(catalog number 9102), phospho-Erk1/2 (catalog number 9101), p38 MAPK (catalog number 9212), 

phospho-p38 MAPK (catalog number 9211), JNK (catalog number 9252), phospho-JNK (catalog 

number 4668), ATF-2 (catalog number 9226), phospho-ATF-2 (catalog number 5112), c-Fos (catalog 

number 4384), phospho-c-Fos (catalog number 5348), c-Jun (catalog number 9165), phospho-c-Jun 

(catalog number 9164), NF-κB p65 (catalog number D14E12) and phospho-NF-κB p65 (catalog 

number 93H1)] were purchased from Cell Signaling Technology (Danvers, MA, USA). 
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2.2. Cell Culture 

THP-1 cells were grown in RPMI 1640 medium with L-glutamine containing 10% FBS, 100 

units/mL penicillin, and 100 units/mL streptomycin. The cells were maintained at 37 °C in a 

humidified atmosphere of 5% CO2. THP-1 cells were induced to differentiate into macrophage-like 

cells by incubating with phorbol 12-myristate 13-acetate (PMA; 25 ng/mL) for 48 h. The 

differentiated cells (1 × 106 cells/well of 6-well plate) were treated with several concentrations of 

javamide-II (0–40 µM) followed by the treatment with lipopolysaccharide (LPS; 10 ng/mL) and 

incubated at specified times for each experiment. 

2.3. Determination of the Productions of IL-6, IL-1beta and TNF-alpha Cytokines 

The PMA-differentiated THP-1 cells were treated with javamide-II (0-40 µM) for 10 min, which 

was then followed by LPS treatment. After 18 h, the media samples were collected to determine the 

potential effects of javamide-II on the productions of IL-6, IL-1beta and TNF-alpha cytokines. In this 

cell culture model, LPS was used to stimulate the cells, because the LPS treatment induces 

macrophage-like THP-1 cells to the M1-like status cells which can produce several inflammatory 

cytokines including TNF-alpha, IL-1beta and IL-6 [26,27]. The concentrations of IL-6, IL-1beta and 

TNF-alpha in the media samples were respectively determined using Human IL-6, Human IL-1beta 

and TNF-alpha Quantikine ELISA (enzyme-linked immunosorbent assay) Kits from R&D systems 

(Minneapolis, MN, USA), according to manufacturer’s protocols. 

2.4. Phosphorylation of ERK, p38 and JNK 

For the Western blots of ERK, p38 and JNK, blot samples were prepared using the 

PMA-differentiated THP-1 cells treated with javamide-II (0, 10, 20, 40 µM) for 10 min, then followed 

by LPS treatment for 45 min. The Western blots were generated and blotted with phospho-ERK, 

ERK, phospho-p38, p38, JNK and phospho-JNK antibodies (Cell Signaling Technology, Danvers, 

MA, USA). For the blot, the amounts of protein in the samples were determined using Bio-Rad 

protein assay kit (Hercules, CA, USA), and ERK, p38 and JNK antibodies (Cell Signaling 

Technology, Danvers, MA, USA) were used as control samples for the blot. 

2.5. Phosphorylation of c-Fos, ATF-2, c-Jun and NF-κB p65 

For the Western blots of c-Fos, ATF-2, c-Jun and NF-κB p65, the THP-1 cells were treated with 

javamide-II as described above, and nuclear fractions for blot samples were prepared using a nuclear 

extraction kit (Cayman Chemical, MA, USA). The phosphorylation samples were generated with 

phospho-c-Fos, phospho-ATF-2, phospho-c-Jun and phospho-NF-κB p65 antibodies (Cell Signaling 

Technology, Danvers, MA, USA) and control samples were generated using c-Fos, ATF-2, c-Jun and 

NF-κB p65 antibodies (Cell Signaling Technology, Danvers, MA, USA). 

2.6. Total RNA Isolation, Reverse Transcription Polymerase Chain Reaction ((RT)-PCR) and Gene Expression 

Analysis 

Total RNA Isolation, reverse transcription (RT)-PCR and gene expression analysis were 

conducted as described previously [28]. Briefly, the THP-1 cells were treated with javamide-II, 

followed by LPS treatment for 4 h. After that, the samples were washed with PBS and TRIzol reagent 

was added for total RNA isolation. Affinity Script Multiple Temperature cDNA Synthesis kit 

(Agilent Technologies, Santa Clara, CA, USA) was used for cDNA synthesis and 1 µg of total RNA 

was used to reverse-transcribe mRNA to cDNA. Real-time PCR was performed on ViiA7 Real-Time 

PCR Detection System using 5 µL of cDNA by the TaqMan Universal Fast Master Mix according to 

the manufacturer’s protocol. TaqMan gene expression assay (Life Technologies, Carlsbad, CA, USA) 

was used to quantify gene expression levels of IL-6 (Hs00985639_m1), and human TATA box 

binding protein (TBP) (Hs00427620_m1) was used as a housekeeping gene. Relative expression 

levels were calculated using the ΔΔCt method as described previously [28]. 
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2.7. Statistical Analysis 

The IC50 and all statistical values were determined using the SigmaPlot 11.0 (Chicago, IL, USA). 

P values were calculated using one-way ANOVA (analysis of variance) with Holm–Sidak method, 

and P < 0.05 was considered as statistically significant. Data points in all figures were represented as 

the mean ± SD (n = more than 3). 

3. Results 

3.1. Effect of Javamide-II on the Production of IL-6 Cytokine 

To determine the potential effect of javamide-II on IL-6 production, the levels of IL-6 were 

determined in the media samples from the PMA-differentiated THP-1 cells treated with javamide-II 

(0–40 µM) followed by LPS treatment. As shown in Figure 1A, the treatment of LPS increased IL-6 

production greatly. However, the production was significantly inhibited by the treatment of 

javamide-II in the THP-1 cells (Figure 1A) (P < 0.02). As shown in Figure 1A, all treatment groups 

except 0.1 µM showed significant reduction of IL-6 production compared to the LPS-only treatment. 

Furthermore, the inhibition was so strong that more than 20% and 40% of IL-6 production was 

inhibited, respectively, at 0.2 and 0.5 µM (Figure 1A). Due to its great potency, the IC50 value of 

javamide-II on IL-6 inhibition was determined, and found to be approximately 0.8 µM (Figure 1B). 

 

Figure 1. The effect of javamide-II on the expression of IL-6. (A) IL-6 production was determined at 

the concentrations of javamide-II (0, 0.1, 0.2, 0.5, 1, 5, 10, 20 and 40 µM) in LPS-treated 

PMA-differentiated THP-1 cells. The P value was calculated using one-way ANOVA with the 

Holm–Sidak method, and the asterisks (*) denote significant differences (P < 0.02) compared to the 

LPS control. (B) IC50 curve. Data points are shown as the means ± SD (n = 7). 

3.2. Effects of Javamide-II on the Productions of TNF-alpha and IL-1beta Cytokines 

Because javamide-II inhibited IL-6 significantly, and because several reports suggest that IL-6 

expression may be closely associated with those of TNF-alpha and IL-1beta [23–26], the potential 

effects of javamide-II on the expressions of TNF-alpha and IL-1beta were investigated in the same 

THP-1 cells. As shown in Figure 2A and 2B, both the productions were significantly increased by 

LPS treatment. However, unlike IL-6, the productions of TNF-alpha and IL-1beta were not inhibited 
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by the treatment of javamide-II (0-40 µM). These data suggest that the IL-6 inhibition by javamide-II 

may not coincide with IL-1beta and TNF-alpha inhibitions in the THP-1 cells. This finding is 

significantly different from the previous reports that the compounds that inhibit IL-6 (e.g., Takinib, 

JLU1124, SB-203580) can also inhibit TNF-alpha and IL-1beta [29–32]. These and our data clearly 

suggest that javamide-II may be different from those IL-6 inhibitors, and can suppress IL-6 

expression in a way lacking IL-1beta and TNF-alpha inhibitions at concentrations lower than 40 µM 

(Figures 1 and 2). 

 

Figure 2. The effects of javamide-II on the expressions of TNF-alpha and IL-1beta. The productions of 

TNF-alpha (A) and IL-1beta (B) were determined at the concentrations of javamide-II (0, 5, 10, 20 and 
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40 µM) in LPS-treated PMA-differentiated THP-1 cells. Data points are shown as the means ± SD (n = 

7). 

3.3. Effects of Javamide-II on the Phosphorylations of ERK, JNK and p38 MAPKs 

Mitogen-activated protein kinases (MAPKs; ERK, JNK and p38) are protein kinases activated by 

extracellular stimuli including LPS [29]. The treatment of LPS can increase ERK, JNK and p38 

phosphorylations, and the activated MAPKs are greatly involved in the upregulation of several 

inflammatory cytokines, including IL-6 [30–32]. Therefore, potential effects of javamide-II on the 

phosphorylations of ERK, JNK and p38 were investigated to determine its influences on the MAP 

kinases. The treatment of javamide-II (10, 20, 40 µM) did not show any significant effect on the 

phosphorylation of ERK in the THP-1 cells (Data not shown here). Similarly, the treatment did not 

change the phosphorylation level of JNK in the cells either (Data not shown here). However, at the 

same range of concentration, javamide-II decreased the phosphorylation of p38 significantly in the 

THP-1 cells (Figure 3). These data suggest that javamide-II is likely to suppress p38 phosphorylation 

mostly in LPS-treated, PMA-differentiated THP-1 cells. To substantiate the involvement of p38 in the 

IL-6 production, SB-203580 (a p38 inhibitor) was tested and found to inhibit the expression of IL-6 in 

the same cells (Figure 4). These data suggest that javamide-II may inhibit the p38 pathway, which is 

one of the MAPK pathways closely associated with the production of inflammatory cytokines, 

including IL-6, in the cells [31,32]. 

 

Figure 3. The effect of javamide-II on the phosphorylation of p38. The samples were prepared using 

PMA-differentiated THP-1 cells treated with javamide-II (0, 10, 20, 40 µM) followed by treatment 

with LPS for 45 min. Data points represent the means  SD (n = 5). The P value was calculated using 

one-way ANOVA with the Holm–Sidak method, and the asterisks (*) indicate significant differences 

(P < 0.05) compared to the p38 control. 
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Figure 4. The effect of SB-203580 on the expression of IL-6. IL-6 production was determined at the 

concentrations of SB-203580 (0, 10, 20 and 40 µM) in LPS-treated, PMA-differentiated THP-1 cells. 

Data points are shown as the means ± SD (n = 5). The P value was calculated using one-way ANOVA 

with the Holm–Sidak method, and the asterisks (*) denote significant differences (P < 0.05) compared 

to the LPS control. 

3.4. Effects of Javamide-II on the Phosphorylations of ATF-2, c-Fos and c-Jun 

In response to LPS treatment, IL-6 expression is induced significantly, but the expression was 

significantly inhibited by javamide-II, which could suppress p38 phosphorylation in the THP-1 cells. 

In fact, p38 can phosphorylate its down-stream signal transduction molecules, including ATF-2 

(activating transcription factor-2), an important transcriptional factor involved in the production of 

several inflammatory cytokines [31–34]. Therefore, the effect of javamide-II on ATF-2 

phosphorylation was investigated in LPS-treated THP-1 cells. As expected, the treatments of 

javamide-II (10, 20, 40 µM) inhibited the phosphorylation of ATF-2 in the cells (Figure 5). However, 

the treatment of javamide-II showed no significant effects on c-Fos and c-Jun phosphorylations, 

which are respectively modulated by ERK and JNK (Data not shown here). These data suggest that 

javamide-II may reduce the phosphorylation of ATF-2 via inhibiting p38, similarly to p38 inhibitors, 

which can reduce ATF-2 phosphorylation in the cells [32,35]. 
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Figure 5. The effect of javamide-II on ATF-2 phosphorylation. PMA-differentiated THP-1 cells were 

treated with javamide-II (0, 10, 20, 40 µM) followed by treatment with LPS for 45 min, and the 

nuclear extract samples for blots were prepared as described in “Materials and Methods”. Data 

points represent the means  SD (n = 5). The P value was calculated using one-way ANOVA with the 

Holm–Sidak method, and the asterisks (*) indicate significant differences (P < 0.05) compared to the 

ATF-2 controls. 

3.5. Effect of Javamide-II on NF-κB p65 Phosphorylation 

Nuclear factor-kappa B (NF-κB) is another key transcriptional factor profoundly involved in the 

expression of a slew of inflammatory cytokines, especially TNF-alpha and IL-1beta [35–37]. In THP-1 

cells, it is reported that LPS treatment can activate the I-kB-alpha kinase complex (IKK), then the 

activated IKK can phosphorylate I-kB and NF-κB p65, leading to nuclear localization and 

transactivation of several downstream genes [36–38]. Therefore, the potential effect of javamide-II on 

NF-κB p65 phosphorylation was investigated in the THP-1 cells. As expected, the LPS treatment 

increased the phosphorylation of NF-κB p65, but the phosphorylation was not significantly inhibited 

by javamide-II. These data indicate that javamide-II may have no significant effect on the NF-κB 

pathway (Figure 6), and the production of IL-6 may be inhibited by javamide-II mainly via the 

suppression of the p38/ATF-2 signal pathway in the THP-1 cells. 
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Figure 6. The effect of javamide-II on p65 NF-κB phosphorylation PMA-differentiated THP-1 cells 

were treated with javamide-II (0, 10, 20, 40 µM) followed by treatment with LPS for 45 min, and the 

nuclear extract samples for blots were prepared as described in “Materials and Methods”. 

3.6. Effect of Javamide-II on the Production of IL-6 mRNA 

Because javamide-II showed inhibitory effects on p38/ATF-2 phosphorylation, its potential 

effect on IL-6 mRNA was investigated in the THP-1 cells in order to assess the impact of the 

p38/ATF-2 inhibition on IL-6 gene expression. As expected, the treatment of LPS led to significant 

induction of IL-6 mRNA levels in the cells, but the up-regulated IL-6 mRNA production was 

significantly inhibited by javamide-II in a concentration-dependent manner (Figure 7). In fact, all 

treatment groups demonstrated significant reduction of IL-6 mRNA expression against the LPS-only 

treatment (Figure 7). These data suggest that the p38/ATF-2 inhibition by javamide-II may lead to 

the greatest suppression of IL-6 mRNA expression, because javamide-II may have little effect on the 

phosphorylations of ERK, JNK, c-Fos, c-Jun and NF-κB p65. These data clearly suggest that 

javamide-II can inhibit not only IL-6 protein production, but also its mRNA in the THP-1 cell, and 

the inhibition of p38/ATF-2 may be behind the suppression IL-6 mRNA. Altogether, these data 

suggest that javamide-II may be a compound that inhibits IL-6 production selectively via 

suppressing the phosphorylation of p38/ATF-2, without significant effects on TNF-alpha and 

IL-1beta productions in PMA-differentiated THP-1 cells. 
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4. Discussion 

IL-6 is a cytokine involved in diverse physiological processes, such as T-cell activation, 

induction of immunoglobulin secretion, hepatic acute phase protein production and metabolic 

functions [3–11]. Particularly, IL-6 cytokine is critically involved in the progression of several 

inflammation-related/autoimmune diseases, such as rheumatoid arthritis (RA), liver and 

inflammatory bowel disease, and acute viral infection [5,6,10,11]. Several reports also suggest that 

the persistent activation of the IL-6 signaling pathway may play a critical role in the progression of 

the diseases mentioned above [39–43]. Furthermore, recent COVID-19 studies indicate that high 

levels of IL-6 may be associated with COVID-19 infection, and that the inhibition of IL-6 may be 

beneficial in extenuating the disease [11,43]. For these reasons, therapeutic agents able to control IL-6 

expression have been explored for years, to treat the progression of IL-6-related diseases [40–43]. In 

our laboratory, potent compounds that inhibit inflammatory cytokines, including IL-6, have been 

investigated for more than 10 years, and javamide-II is one of compounds of interest in our recent 

research. In fact, this compound is a tryptophan-derived phenolic amide compound found in plant 

sources including coffee [8]. Recently, our studies suggested that javamide-II and analogues may 

have several biological activities, including anti-inflammatory activity [18–21]. However, there is 

currently no information about potential effects of javamide-II on the expressions of IL-6, IL-1beta 

and TNF-alpha cytokines in macrophages. To investigate its potential effects on the cytokines from 

macrophages, a LPS-treated, PMA-differentiated THP-1 cell culture model was used in this study, 

because the LPS treatment can induce macrophage-like PMA-differentiated THP-1 cells to the 

M1-like status cells, which are often found under several inflammatory disease conditions, including 

RA, liver disease and viral infection, and produce several inflammatory cytokines (e.g., IL-6, 

IL-1beta and TNF-alpha) [26,27,39–44]. 

As shown in Figures 1 and 2, javamide-II was found to inhibit the production of IL-6 without 

significant influence on TNF-alpha and IL-1beta. These data suggest that javamide-II may inhibit 

IL-6 selectively in a way deprived of much of the IL-1beta and TNF-alpha inhibitions. Furthermore, 

the data showed that the IL-6 inhibition went through the suppression of the phosphorylation of p38 

MAPK (Figure 3). p38 MAPK is a serine/threonine kinase, widely expressed in cells (e.g., 

endothelial, immune and inflammatory cells), and is one of MAPK kinases involved in producing 

pro-inflammatory cytokines [30–32]. Interestingly, several studies suggest that p38 may be involved 

in several inflammatory diseases (e.g., RA, liver and other diseases) [44–50] and the inhibition of p38 

is likely to be a promising therapeutic option for treating these diseases [49–51]. Currently, several 

p38 inhibitors are available for use, but most of them are not truly selective IL-6 inhibitors, making it 

unfeasible to assess the pathophysiological contributions from lone IL-6 inhibition. Our data suggest 

that javamide-II may be a potential candidate compound to suppress IL-6 selectively via p38 

inhibition (Figure 3). The data also showed that the p38 inhibition was followed by the reduction of 

ATF-2 phosphorylation (Figure 5), and p38/ATF-2 inhibition could lead to the inhibition of mRNA 

IL-6 expression (Figures 7), suggesting that the suppression of the p38 signal pathway may be a key 

pathway leading to the inhibition of IL-6 production in macrophage-like THP-1 cells. As indicated 

above, the selective cytokine inhibition is likely to rely on a delicate control balance of complicated 

signal transduction pathways. In fact, our study showed the inefficacy of javamide-II on the NF-κB 

pathway (Figures 6) critically involved in the expression of TNF-alpha and IL-1beta [35–37]. 

Therefore, it is cautiously supposed that the differential control of these signal transduction 

pathways may be behind the selective IL-6 inhibition in the macrophage-like THP-1 cells. 

Also, related to the p38 signal inhibition, javamide-II may not inhibit p38/ATF-2 

phosphorylation in every cell, as demonstrated by our other study [21]. For instance, when the signal 

pathway inhibition by javamide-II is compared in macrophage-like THP-1 and lymphocytic Jurkat 

cells, we found that the inhibition pattern was different in these two cells, with the inhibition of p38 

phosphorylation in the macrophage-like THP1 cells, but the inhibition of ERK phosphorylation in 

the lymphocytic Jurkat cells [21]. This implies that javamide-II may exert cell-specific actions by 

delivering disparate effects to each type of cell, or at least these two cells (e.g., macrophages and 

lymphocytes). Nonetheless, in macrophage-like THP-1 cells, javamide-II showed great potency in 
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suppressing IL-6 (IC50 of 0.8 µM) (Figure 1A and 1B). Unfortunately, it is currently impractical to 

compare the efficacy of javamide-II with other IL-6 inhibitors, because there is no true IL-6 selective 

inhibitor available. However, during the study, javamide-II was compared with SB-203580 as related 

to IL-6 inhibition, and javamide-II was found to be more effective in IL-6 inhibition than SB-203580, 

especially at concentrations of less than 10 µM (data shown here). Furthermore, our data suggest 

that the javamide-II may be better in inhibiting IL-6 selectively than SB-203580, because SB-203580 

often inhibits IL-6, IL-1beta and TNF-alpha altogether in the cells [32]. Although there are some 

limitations in using cell lines, the use of proper cell lines often provides a lot of advantages (e.g., 

homogenous characters, excellent usability and speedy screen-ability). Because the main aim of this 

study is to find a compound to inhibit IL-6 preferably, the macrophage-like THP-1 cell line serves 

most of our purpose. Altogether, the data of this study suggest that javamide-II may be a potent 

compound, which may be used as a candidate molecule to inhibit IL-6 selectively in the 

macrophage-like cells. 

 

Figure 7. The effect of javamide-II on IL-6 mRNA. PMA-differentiated THP-1 cells were treated with 

javamide-II (0. 1, 5, 15, 30 µM) followed by treatment with LPS for 4 h as described in “Materials and 

Methods”. After 4 h, total RNA was isolated and gene expression was determined using (RT)-PCR. 

Data are expressed as mean ± SD (n = 3). The asterisks (*) indicate significant difference from vehicle 

control (P < 0.002). 

Author Contributions: For research articles with several authors, a short paragraph specifying their individual 

contributions must be provided. The following statements should be used “Conceptualization, J.P.; 

methodology, J.P., R.P. T.W. and Q.P.; software, J.P.; validation, J.P., R.P. and T.W.; formal analysis, J.P., R.P. 

and Q.P.; investigation, J.P.; resources, J.P. R.P., Q.P. and T.W.; data curation, R.P. and Q.P.; writing—original 

draft preparation, J.P.; writing—review and editing, J.P. and T.W.; visualization, J.P.; supervision, J.P. and T.W.; 

project administration, J.P.; funding acquisition, J.P. All authors have read and agreed to the published version 

of the manuscript.”, please turn to the CRediT taxonomy for the term explanation. Authorship must be limited 

to those who have contributed substantially to the work reported. 

Funding: This study was funded by USDA (project number 1235-51000-054-00D). 

Conflicts of Interest: There is nothing to disclose about financial, consulting or personal matters related to this 

paper. 



Biomedicines 2020, 8, 138 12 of 14 

References 

1. Murakami, M.; Kamimura, D.; Hirano, T. Pleiotropy and specificity: Insights from the interleukin 6 family 

of cytokines. Immunity 2019, 50, 812–831. 

2. Naka, T.; Nishimoto, N.; Kishimoto, T. The paradigm of IL-6: From basic science to medicine. Arthritis Res. 

2002, 4, S233–S242. 

3. McGonagle, D.; Sharif, K.; O’Regan, A.; Bridgewood, C. The role of cytokines including interleukin-6 in 

covid-19 induced pneumonia and macrophage activation syndrome-like disease. Autoimmun. Rev. 2020, 3, 

102537, doi:10.1016/j.autrev.2020.102537. 

4. De Benedetti, F. The impact of chronic inflammation on the growing skeleton: Lessons from interleukin-6 

transgenic mice. Horm. Res. Paediatr. 2009, 72, S26–S29. 

5. Kim, G.W.; Lee, N.R.; Pi, R.H.; Lim, Y.S.; Lee, Y.M.; Lee, J.M.; Jeong, H.S.; Chung, S.H. IL-6 inhibitors for 

treatment of rheumatoid arthritis: Past, present, and future. Arch. Pharmacal Res. 2015, 38, 575–584, 

doi:10.1007/s12272-015-0569-8. 

6. Ho, L.J.; Luo, S.F.; Lai, J.H. Biological effects of interleukin-6: Clinical applications in autoimmune diseases 

and cancers. Biochem. Pharmacol. 2015, 97, 16–26. 

7. Schmidt-Arras, D.; Rose-John, S. IL-6 pathway in the liver: From physiopathology to therapy. J. Hepatol. 

2016, 64, 1403–1415. 

8. Stojsavljević, S.; Gomerčić, P.M.; Virović, J.L.; Smirčić, D.L.; Duvnjak, M. Adipokines and proinflammatory 

cytokines, the key mediators in the pathogenesis of nonalcoholic fatty liver disease. World J. Gastroenterol. 

2014, 20, 18070–18091. 

9. Hassan, W.; Ding, L.; Gao, R.Y.; Liu, J.; Shang, J. Interleukin-6 signal transduction and its role in hepatic 

lipid metabolic disorders. Cytokine 2014, 66, 133–142. 

10. Liu, B.; Li, M.; Zhou, Z.; Guan, X.; Xiang, Y. Can we use interleukin-6 (IL-6) blockade for coronavirus 

disease 2019 (COVID-19)-induced cytokine release syndrome (CRS)? J. Autoimmun. 2020, 10, 102452, 

doi:10.1016/j.jaut.2020.102452. 

11. Fu, B.; Xu, X.; Wei, H. Why tocilizumab could be an effective treatment for severe COVID-19? J. Transl. 

Med. 2020, 18, 164, doi:10.1186/s12967-020-02339-3. 

12. Samoggia, A.; Riedel, B. Coffee consumption and purchasing behavior review: Insights for further 

research. Appetite 2018, 129, 70–81. 

13. Bellou, V.; Belbasis, L.; Tzoulaki, I.; Evangelou, E. Risk factors for type 2 diabetes mellitus: An exposure-wide 

umbrella review of meta-analyses. PLoS ONE 2018, 13, e0194127. 

14. Rodríguez-Artalejo, F.; López-García, E. Coffee consumption and cardiovascular disease: A condensed 

review of epidemiological evidence and mechanisms. J. Agric. Food Chem. 2018, 66, 5257–5263. 

15. Miranda, J.; Monteiro, L.; Albuquerque, R.; Pacheco, J.J.; Khan, Z.; Lopez, J.; Warnakulasuryia, S. Coffee is 

protective against oral and pharyngeal cancer: A systematic review and meta-analysis. Med. Oral Patol. 

Oral Cir. Bucal 2017, 22, e554–e561. 

16. Wadhawan, M.; Anand, A.C. Coffee and liver disease. J. Clin. Exp. Hepatol. 2016, 6, 40–46. 

17. Hall, S.; Desbrow, B.; Anoopkumar-Dukie, S.; Davey, A.K.; Arora, D.; McDermott, C.; Schubert. M.M.; 

Perkins, A.V.; Kiefel, M.J.; Grant, G.D. A review of the bioactivity of coffee, caffeine and key coffee 

constituents on inflammatory responses linked to depression. Food Res. Int. 2015, 76, 626–636. 

18. Park, J.B. NMR confirmation and hplc quantification of Javamide-I and Javamide-II in green coffee extract 

products available in the market. Int. J. Anal. Chem. 2017, 2017, 1927983. 

19. Park, J.B. Finding potent sirt inhibitor in coffee: Isolation, confirmation and synthesis of Javamide-II 

(N-Caffeoyltryptophan) as Sirt1/2 inhibitor. PLoS ONE 2016, 11, e0150392. 

20. Park, J.B. In silico screening and in vitro activity measurement of javamide analogues as potential p38 

MAPK Inhibitors. Int. J. Mol. Sci. 2017, 18, E2704. 

21. Park, J.B. Javamide-II found in coffee is better than caffeine at suppressing TNF-α production in 

PMA/PHA-Treated lymphocytic jurkat cells. J. Agric. Food Chem. 2018, 66, 6782–6789. 

22. Park, J.B. Javamide-I-O-methyl ester increases p53 acetylation and induces cell death via activating 

caspase 3/7 in monocytic THP-1 cells. Phytomedicine 2016, 23, 1647–1652. 

23. Del Campo, J.A.; Gallego, P.; Grande, L. Role of inflammatory response in liver diseases: Therapeutic 

strategies. World J. Hepatol. 2018, 10, 1–7, doi:10.4254/wjh.v10.i1.1. 



Biomedicines 2020, 8, 138 13 of 14 

24. Sugimoto, M.; Inoue, T.; Yamashita, M.; Takeshita, K.; Nakaike, S. KE-758, an active metabolite of the new 

anti-rheumatic drug KE-298, suppresses production of tumor necrosis factor-alpha and interleukin-1beta 

in THP-1, a human monocyte cell line. Drugs Exp. Clin. Res. 2002, 28, 197–205. 

25. Moreira, D.M.; daSilva, R.L.; Vieira, J.L.; Fattah, T.; Lueneberg, M.E.; Gottschall, C.A. Role of vascular 

inflammation in coronary artery disease: Potential of anti-inflammatory drugs in the prevention of 

atherothrombosis. Inflammation and anti-inflammatory drugs in coronary artery disease. Am. J. 

Cardiovasc. Drugs 2015, 15, 1–11, doi:10.1007/s40256-014-0094-z. 

26. Jang, C.H.; Choi, J.H.; Byun, M.S.; Jue, D.M. Chloroquine Inhibits production of TNF-α, IL-1β and IL-6 

from lipopolysaccharide-stimulated human monocytes/macrophages by different modes. Rheumatology 

2006, 45, 703–710. 

27. Quatromoni, J.G.; Eruslanov, E. Tumor-associated macrophages: Function, phenotype, and link to 

prognosis in human lung cancer. Am. J. Transl. Res. 2012, 4, 376–389. 

28. Wang, T.T.; Schoene, N.W.; Milner, J.A.; Kim, Y.S. Broccoli-derived phytochemicals indole-3-carbinol and 

3,3′-diindolylmethane exerts concentration-dependent pleiotropic effects on prostate cancer cells: 

Comparison with other cancer preventive phytochemicals. Mol. Carcinog. 2012, 51, 244–256. 

29. Totzke, J.; Gurbani, D.; Raphemot, R.; Hughes, P.F.; Bodoor, K.; Carlson, D.A.; Loiselle, D.R.; Bera, A.K.; 

Eibschutz, L.S.; Perkins, M.M.; et al. Takinib, a selective TAK1 inhibitor, broadens the therapeutic efficacy 

of TNF-α inhibition for cancer and autoimmune disease. Cell Chem. Biol. 2017, 24, 1029–1039, 

doi:10.1016/j.chembiol.2017.07.011. 

30. Li, X.N.; Su, J.; Zhao, L.; Xiang, J.B.; Wang, W.; Liu, F.; Li, H.Y.; Zhong, J.T.; Bai, X.; Sun, L.K. The p38 

MAPK inhibitor JLU1124 inhibits the inflammatory response induced by lipopolysaccharide through the 

MAPK-NF-κB pathway in RAW264.7 macrophages. Int. Immunopharmacol. 2013, 17, 785–792. 

31. Thalhamer, T.; McGrath, M.A.; Harnett, M.M. MAPKs and their relevance to arthritis and inflammation. 

Rheumatology 2008, 47, 409–414, doi:10.1093/rheumatology/kem297. 

32. Sreekanth, G.P.; Chuncharunee, A.; Sirimontaporn, A.; Panaampon, J.; Noisakran, S.; Yenchitsomanus, 

P.T.; Limjindaporn, T. SB203580 modulates p38 MAPK signaling and dengue virus-induced liver injury by 

reducing MAPKAPK2, HSP27, and ATF2 phosphorylation. PLoS ONE 2016, 11, e0149486. 

33. Kole, L.; Giri, B.; Manna, S.K.; Pal, B.; Ghosh, S. Biochanin-A, an isoflavon, showed anti-proliferative and 

anti-inflammatory activities through the inhibition of iNOS expression, p38-MAPK and ATF-2 

phosphorylation and blocking NFκB nuclear translocation. Eur. J. Pharmacol. 2011, 653, 8–15. 

34. Tindberg, N.; Porsmyr-Palmertz, M.; Simi, A. Contribution of MAP kinase pathways to the activation of 

ATF-2 in human neuroblastoma cells. Neurochem. Res. 2000, 25, 527–531. 

35. Park, J.B.; Wang, T.T.Y. Methyl (E)-(3-(3,4-dihydroxyphenyl)acryloyl) tryptophanate can suppress MCP-1 

expression by inhibiting p38 MAP kinase and NF-κB in LPS-stimulated differentiated THP-1 cells. Eur. J. 

Pharmacol. 2017, 810, 149–155. 

36. Gordon, J.W.; Shaw, J.A.; Kirshenbaum, L.A. Multiple facets of NF-κB in the heart: To be or not to NF-κB. 

Circ. Res. 2011, 108, 1122–1132. 

37. Karin, M. NF-kappaB as a critical link between inflammation and cancer. Cold Spring Harb. Perspect. Biol. 

2009, 1, a000141. 

38. Ponnappan, U. Regulation of transcription factor NF kappa B in immune senescence. Front. Biosci. 1998, 3, 

d152–d168. 

39. Berghe, W.V.; Vermeulen, L.; De Wilde, G.; De Bosscher, K.; Boone, E.; Haegeman, G. Signal transduction 

by tumor necrosis factor and gene regulation of the inflammatory cytokine interleukin-6. Biochem. 

Pharmacol. 2000, 60, 1185–1195. 

40. Giannitrapani, L.; Soresi, M.; Balasus, D.; Licata, A.; Montalto, G. Genetic association of interleukin-6 

polymorphism (−174 G/C) with chronic liver diseases and hepatocellular carcinoma. World J. Gastroenterol. 

2013, 19, 2449–2455. 

41. Taniguchi, K.; Karin, M. IL-6 and related cytokines as the critical lynchpins between inflammation and 

cancer. Semin. Immunol. 2014, 26, 54–74. 

42. Kern, L.; Mittenbühler, M.J.; Vesting, A.J.; Ostermann, A.L.; Wunderlich, C.M.; Wunderlich, F.T. 

Obesity-Induced TNF-α and IL-6 Signaling: The missing link between obesity and inflammation-driven 

liver and colorectal cancers. Cancers 2018, 11, E24. 



Biomedicines 2020, 8, 138 14 of 14 

43. Chen, X.; Zhao, B.; Qu, Y.; Chen, Y.; Xiong, J.; Feng, Y.; Men, D.; Huang, Q.; Liu, Y.; Yang, B.; et al. 

Detectable serum SARS-CoV-2 viral load (RNAaemia) is closely correlated with drastically elevated 

interleukin 6 (IL-6) level in critically ill COVID-19 patients. Clin. Infect. Dis. 2020, 17, ciaa449, 

doi:10.1093/cid/ciaa449. 

44. Baumgart, D.C.; Sandborn, W.J. Inflammatory bowel disease: Clinical aspects and established and 

evolving therapies. Lancet 2007, 369, 1641–1657. 

45. Alten, R.; Maleitzke, T. Tocilizumab: A novel humanized anti-interleukin 6 (IL-6) receptor antibody for the 

treatment of patients with non-RA systemic, inflammatory rheumatic diseases. Ann. Med. 2013, 45, 357–363. 

46. Yusof, M.Y.; Emery, P. Targeting interleukin-6 in rheumatoid arthritis. Drugs 2013, 73, 341–356, 

doi:10.1007/s40265-013-0018-2. 

47. Raimondo, M.G.; Biggioggero, M.; Crotti, C.; Becciolini, A.; Favalli, E.G. Profile of sarilumab and its 

potential in the treatment of rheumatoid arthritis. Drug Des. Dev. Ther. 2017, 11, 1593–1603. 

48. Katsanos, K.H.; Papadakis, K.A. Inflammatory bowel disease: Updates on molecular targets for biologics. 

Gut Liver 2017, 11, 455–463. 

49. Terajima, M.; Inoue, T.; Magari, K.; Yamazaki, H.; Higashi, Y.; Mizuhara, H. Anti-inflammatory effect and 

selectivity profile of AS1940477, a novel and potent p38 mitogen-activated protein kinase inhibitor. Eur. J. 

Pharmacol. 2013, 698, 455–462. 

50. Salgado, E.; Maneiro, J.R.; Carmona, L.; Gomez-Reino, J.J. Safety profile of protein kinase inhibitors in 

rheumatoid arthritis: Systematic review and meta-analysis. Ann. Rheum. Dis. 2014, 73, 871–882. 

doi:10.1136/annrheumdis-2012-203116. 

51. Norman, P. Investigational p38 inhibitors for the treatment of chronic obstructive pulmonary disease. 

Expert Opin. Investig. Drugs 2015, 24, 383–392. 

 

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 

article distributed under the terms and conditions of the Creative Commons Attribution 

(CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 


