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1  

Abstract 

 

Purpose  

Triptolide is a Chinese herbal extract known for its anti-inflammatory and 

immunosuppressive effects in treating chronic inflammatory diseases and tumors. 

As these attributes promote wound healing, we determined if triptolide enhances 

corneal wound healing by stimulating human corneal epithelial cell (HCEC) 

migration   through changes in negative feedback regulation by a dual specificity 

protein Phosphatase (DUSP1) of MAPK signaling mediated effect.    

 

Methods 

SV40-adenovirus-immortalized HCEC were maintained in DMEM/F12. Specific 

shRNA for MKP-1(DUSP1) and c-jun NH2- terminal kinase JNK-1 were 

transduced to establish stable cell lines deficient in their respective gene 

expression.    Scratch wound assay was employed to assess cell migration rates by 

taking time-dependent serial photographs of cells following wound creation.	  

Hydroxyurea	   (2.5	   mM)	   was	   also	   added	   to	   the	   medium	   to	   inhibit	   cell	  

proliferation	  during	  the	  experiment. Cell Titer-Glo® luminescent cell viability 

assay was used to evaluate cell viability by measuring ATP production by HCEC.  
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Results  

Triptolide did not affect cell viability up to 10nM and stimulated wound closure 

through increases in migration. Maximal responses occurred at 1nM. These 

increases in migration were suppressed below that in the untreated control when 

p38 or JNK MAPK activation was inhibited. In the MKP-1 knockdown cells, 

migration was stimulated relative to the control and triptolide failed to augment 

this response. In JNK-1 knockdown cells, migration is comparable to SV40 wild 

type cells. In JNK-1 knockdown cells, triptolide mediated increases are 

diminished completely in the presence of p38 inhibition. 

 

Conclusions 

Triptolide at concentrations up to 10 nM promotes cell migration without 

compromising cell survival. Such promotion is mediated by loss of MKP-1 

negative feedback control of p38 and JNK activation. Therefore, triptolide 

stimulates cell migration through inhibition of MKP-1 (DUSP1) stabilization 

induced by kinase mediated phosphorylation.  
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2 

Introduction:   

Triptolide is the active diterpene in the traditional Chinese medicine Lei 

Gong Teng. This derivative of  Tripterygium wilfordii hook f. has been used to 

treat rheumatoid arthritis.  In 

addition to its effects on immune 

cells, its anti-inflammatory and 

immunosuppressive effects have 

shown promise to treat corneal 

ulcers (Nishida, 2008). Such 

suppression is elicited through 

declines in the production of pro-inflammatory cytokines and chemokines in 

cultured human corneal fibroblasts and other epithelial cells.  (Matta, 2009; Lu, 

2006; Zhao, 2000) .In corneal fibroblasts, triptolide   suppressed 

lipopolysaccharide induced inflammatory mediators and prevented collagen 

degradation  indicating its protective role against corneal ulcers (Lu, 2003)  Even 

though it has been suggested that triptolide  might be useful in treatment of 

corneal ulcers, there are no reports regarding its  effects on  the corneal 

epithelium. As Triptolide is a promising candidate in the treatment of corneal 

ulcer   we hypothesized that   triptolide has a similar effect on corneal epithelial 

cells through hastening wound healing.  However, this herbal drug in various 

other cell types promotes apoptosis in addition to migration (Wan, 2006, 

Leuenroth, 2007)  
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  . 

The schematic shown below indicates the model we tested to determine if 

in HCEC triptolide also increases HCEC migration as it does in some other 

tissues. 

                            

Figure 1: Model describing how triptolide stimulates HCEC migration.  

 

Triptolide is an inhibitor of the dual specific protein Phosphatase.   Triptolide   

regulates MAPK signaling through modulation of DUSP-1/ MKP-1 expression. 

(Romero-Sandoval, 2009; Jang ,2006)   Components of the MAPK cascade; 

namely- p38 and JNK pathway are negatively regulated by MKP-1.(Wu, 2005 ; 

Zhou, 2007 ; Jeffrey, 2007)   It is known that the MAPK  signaling  plays a very 

important role in  various aspects of   migration, stress responsiveness as well as 

MKP-1 

Triptolide  

JNK 
activation  

P38  
activation 

    Increases 
in cell 
migration 
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proliferation and differentiation.(Owens, 2007) There is conclusive evidence 

about the significant role played by each  of  the MAPK component pathways on  

cell migration. Upon activation by various extra cellular stimuli including growth 

factors, environmental stresses and appropriate signals, there is differential yet 

specific activation of the MAPK cascade components. (Okada, 2009; Huang, 

2004) 

It is unknown in HCEC which signaling pathway targets are affected by   

triptolide   and whether its mode of action is cell type specific.   

We show here in HCEC that triptolide stimulates cell migration through 

presumable MKP-1/DUSP1 inhibition. Such inhibition leads to altered MAPK 

signaling which in turn changes the balance between proliferation and migration 

to favor the latter response.  
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3 

Methods 

 

 3.1  

Materials  

Epidermal growth factor (EGF), bovine insulin, Gentamicin, 0.05% Trypsin-

EDTA solution and Puromycin were purchased from Sigma Company (St. Louis, 

MO). DMEM/F-12 medium was purchased from Invitrogen (Carlsbad, CA). 

Triptolide (PG-490), SB203580 and SP600125 were purchased from Enzo Life 

Sciences (Plymouth Meeting, PA)  

3.2  

Cell Culture 

SV 40- immortalized human corneal epithelial cells (HCEC), kindly provided by 

Araki-Sasaki (Araki- Sasaki, 1995 )  , MKP-1 knockdown cell line ( MKP-1 -/-) as 

well as JNK1  knock down (JNK1 -/- ) cell lines  ( kindly provided  and prepared 

by Zheng Wang ) were maintained in Dulbecco’s modified  Eagle’s  medium ( 

DMEM/F-12) supplemented with 6% fetal bovine serum (FBS), 5ng/ml epidermal 

growth factor (EGF), 5µg/ml insulin and 40 µg/ml gentamicin in humidified 5% 

CO2, 95% ambient air incubator at 370C. Cells were grown to 80 to 90% 

confluence in DMEM with supplements prior to subculture in a 6 well plate.	  Cell	  

cycle	   arrest	   was	   achieved	   by	   culturing	   cells	   in	   serum-‐free	   and	   EGF-‐free	  

DMEM/F-‐12	   medium	   overnight	   before	   experimentation	   to	   optimize	   cell	  

responsiveness.	  Puromycin	  1 µg/ml was added to MKP-1 -/-and JNK1 -/-     cell 
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lines for purposes of cell selection with effective knock down. In the absence of 

serum and with supplementation of 2.5 mM hydroxyurea we could be sure that all 

of the increases in wound healing were essentially due to stimulation of cell 

migration. 

 

 

3.3  

Cell Viability / Toxicity Assay 

Cell Titer-Glo® Luminescent Cell Viability Assay (Promega, WI, USA) was used 

to assess if triptolide is cytotoxic. Cells were grown in a 24 well plate and after 2 

days when the cell density per well was approximately 1 X 10 5   , the cells were 

subjected to overnight starvation in serum & growth factor free medium. After 

this, cells were treated with basic serum free medium in the presence and absence 

of triptolide for 24 h with concentrations ranging from 1 nM to 10 µM to test their 

effects on cell viability. We chose an exposure time of 24 h as that was the time 

period for monitoring cell migration rates.   Intracellular ATP concentration is 

used as an index of cell viability.    Detection is based on using the Luciferase 

reaction to measure ATP amounts such that we can quantify light output which 

varies according to ATP concentration. Data was averaged from three 

independent samples at each triptolide concentration.  Results are shown as mean 

± SEM per ml of cell extract. 

 

3.4  

Scratch Wound Assay 
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HCECs grown	  to	  confluence	  in 35 mm plates (Fisher Scientific, Pittsburgh, PA) 

were washed	   twice	   with	   PBS	   and	   placed	   in	   the	   appropriate	   serum-‐free	  

medium	  after	  overnight	  starvation.	  Later,	  three	  linear	  scratch	  wounds	  were	  

made	   in	   the	  confluent	  monolayer	  with	  a	   sterile	   cell	   scraper.	  The	  cells	  were	  

washed	  twice	  with	  basic	  medium	  to	  remove	  suspended	  cells	  and	  re-‐fed	  with	  

medium	   in	   the	   presence	   or	   absence	   of	   SP600125	   (JNK	   inhibitor)	   or	  

SB203580	   (p38	   MAPK	   inhibitor)	   for	   30	   minutes	   of	   pre-‐incubation	   before	  

adding	   EGF	   (10	   ng/ml)	   or	   triptolide	   (1-‐	   10	   nM)	   to	   the	   medium	   after	  

wounding.	  Hydroxyurea	  (2.5	  mM)	  was	  also	  added	   to	   the	  medium	  to	   inhibit	  

cell	   proliferation	   during	   the	   experiment.	   Wound	   closure	   was	   serially	  

measured	  starting	  immediately	  at	  0	  hours,	  and	  then	  at	  4	  hours,	  8	  hours	  and	  

up	   to	   24	   hour	   after	  wound	   creation.	   The	   open	   scratch	  wound	   area	   at	   zero	  

hours	   was	   considered	   as	   100	   percent	   of	   wound	   area	   and	   subsequent	  

calculations	  were	  made	   in	  relation	  to	   that.	  As	   the	  cell	  migration	  proceeded,	  

the	  wound	   area	   open	  was	   smaller	   than	   that	   at	   zero	   hours	   and	   percentage	  

wound	  area	  open	  was	  depicted	  serially	  as	  a	  function	  of	  time.	  At	  24	  hours,	  the	  

percentage	  wound	  area	  open	   for	  untreated	  control	  was	  calculated.	  Rates	  of	  

migration	  were	  calculated	  only	  for	  24	  hour	  time	  point	  as	  a	  ratio	  to	  untreated	  

control.	  This	  determined	  how	  much	   faster	  or	  slower	  was	   the	  cell	  migration	  

rate	   over	   a	   period	   of	   24	   hours.	  Microscopic	   images	  were	   photographed	   at	  

each	  abovementioned	  time	  point	  using	  a	  Nikon	  digital	  camera	  attached	  to	  a	  

Nikon	  Diaphot	  inverted-‐stage	  microscope	  (Nikon	  Inc.,	  Morton	  Grove,	  IL).The	  

remaining	  denuded	  area	  of	  each	  field	  was	  measured	  using	  Sigma	  Scan	  Pro	  5	  
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software.	   Three	   fields	   from	   each	   dish	   were	   measured.	   Each	   experimental	  

condition	  was	   repeated	   at	   least	   three	   times.	   Results	   are	   shown	   as	  mean	   ±	  

SEM.	  

	  

	  

3.5  

Statistical analysis 

Data are expressed as mean ± SEM. Experiments were performed in triplicate 

unless otherwise indicated. Statistical significance was determined by Student’s 

unpaired t-test .P values <0.05 were taken to be significant unless otherwise 

stated.  
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Results: 

4.1 

Triptolide stimulates cell migration 

Figure 2A show micrographs comparing the time dependent effects of 1 nM 

triptolide with that of 10ng/ml EGF on wound closure.  Wound closure was 

promoted by either of EGF or triptolide.  As explained earlier in section 2.4, 

wound closure rate was 1.6 times faster than that of untreated control in case of 

Triptolide. Figure 2B shows the kinetics of wound closure under the indicated 

conditions as a function of time. At 24 hours,   the   remaining wound area   was 

11 ± 2 % for Triptolide (1nM) and 14 ±2 % for EGF (10ng/ml) whereas 34 ± 1 % 

area of the initial wound remained open in the untreated control. (n=6) There was 

no significant difference between the remaining wound area after 24 h with   

triptolide and EGF.  

 

4.2 

Triptolide is not cytotoxic up to 10nM 

Figure 3 shows that triptolide was nontoxic at doses from   1nM to 10nM. 

However at  0.1 µM, 1 µM, and 10 µM it was toxic relative to the untreated 

control (n=3 per concentration tested).  In the toxic range, even on microscopic 

examination   induced cell death was visible .Triptolide inhibits the dual specific 
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protein phosphatase, MKP-1, which is a feedback regulator of MAPK activation 

(Owens, 2007; Lang, 2006) Both JNK and p38 MAPK signaling contribute to the 

control of HCEC migration by various cytokines. (Okada, 2009; Zhou, 2007). To 

determine the involvement of each of these pathways in eliciting increases in cell 

migration induced by triptolide, we determined their individual contributions by 

comparing the effects of triptolide on cell migration subsequent to selective 

inhibition of either of these pathways.   

 

4.3 

Dependence of increases in cell migration induced by triptolide on JNK 

pathway signaling.    

Figure 4A shows that. Wounding induced stimulation of cell migration was 

suppressed by pre-exposure to the JNK pathway inhibitor SP600125 (10  µM). 

Such inhibition completely blocked the stimulatory effect 1 nM triptolide on this 

response whereas in the absence of this inhibitor it markedly stimulated cell 

migration.     

Table 1: Stimulation of cell migration by triptolide is dependent on JNK activity 

 Condition  %  Remaining Wound Area  at 24 hours 

HCEC Control  34.  ± 1 % 

Triptolide 1nM 11± 2% 

SP600125 10uM 66 ± 2%* 

SP600125 10uM    +  Triptolide  1nM 62  ± 3%  ** 

• Data is described as Mean ± SEM 
• P<0.05 compared with untreated control  
• ** P<0.05 compared with Triptolide 1nM 
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 These results indicate that triptolide induces increases in cell migration through 

augmenting JNK pathway stimulation of this response. This is evident since 

preinhibition of JNK pathway activation obviated triptolide induced increases in 

cell migration as seen in Figure 4A. The contribution by JNK pathway signaling 

to EGF-induced increases in cell migration are indicated from the results shown in 

Figure 4 B   JNK inhibition by SP600125 reduced but did not eliminate EGF-

induced increases in cell migration. To validate the contribution by JNK pathway 

activation to EGF-induced stimulation of this response, the individual effects of 

EGF and triptolide were compared in this stable cell line in which JNK1 gene 

expression was ablated.  Table 2 and Figure 4C shows that triptolide as well as 

EGF failed to stimulate cell migration as wound closure area remaining after 24 h 

was no different than that in the control.  This finding indicates that stimulation of 

cell migration by triptolide is elicited through its activation of JNK1 and that 

JNK1 is essential to enhance cell migration for EGF. 

 

Table 2  

Loss of JNK1 gene expression eliminates increases in cell migration induced by EGF or 
triptolide 

Condition  % Wound Area Open  at 24 hours  

Control JNK1   knockdown  39 ± 2% 

HCEC control  37 ±  1 %  

EGF 10ng/ml 36 ±  4 %  

Triptolide 1nM 45 ± 3 % 

Data is described as Mean ± SEM 
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4.4 

P38MAPK is involved in Triptolide mediated increases in migration  

A role for p38 MAPK pathway in regulating cell migration is already well known. 

(Huang, 2004). Similarly in corneal epithelial cells p38 MAPK activation elicits 

this response (Saika, 2004; Wang, Z. 2006).    Figure 5 shows that during 

exposure to 10 µM SB203580 increases in cell migration by triptolide were 

suppressed.   Compared with the untreated control, exposure to SB203580 blunted 

the increases in migration induced by triptolide since the remaining wound area in 

the presence of the two drugs was 4.2 times larger than that with triptolide alone. 

This difference was significant (p<0.05).Table 3 provides a summary of their 

individual and combined effects suggesting that effect of  triptolide also involves  

p38 MAPK signaling at 24 hours since SB203580 preexposure suppressed 

triptolide increases in cell migration . Figure 6 shows the time dependence of such 

effects obtained from micrographs    along with their respective untreated controls 

in JNK1-/-, MKP-/- knockout and control wild type HCEC. Irrespective of the 

type of knockout, triptolide failed to increase cell migration whereas in the wild 

type cells it stimulation of cell migration is evident. Figure 7 shows that the 

inhibitory effect of p38 MAPK on triptolide induced increases in cell migration 

were changed depending on JNK activity.  For Untreated conditions, ratio is 

greater in MKP 1-/- and for SB203580 alone in MKP 1-/- compared to SB203580 in 

wild type. In case of triptolide ratio is not different from wild type in JNK1-/- 
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where as for MKP1-/- it is much less than wild type. These differences suggest that 

P38 inhibition is compensated presumably by up regulated JNK or Erk1/2 in 

MKP-1-/-  cell line but since JNK1 is deficient and p38 is inhibited cell migration 

increases cannot  be induced. 

Such changes can be explained by the complex inter molecular regulation where 

inhibition of p38 MAPK has shown to up regulate   JNK activity mediated 

increases in migration. (Wang, 2000; Wagner, 2009). Figure 7 also shows that     

following MKP-1 and/or JNK1 knockdown, triptolide failed to stimulate cell 

migration.   Furthermore any inhibitory effect of SB203580 on cell migration was 

obviated in the MKP1-/-  and JNK1-/- cell lines as seen in Table 3 below. 

Table 3 Dependence of triptolide induced increases in cell migration on p38MAPK  

                            Remaining  Wound Area Open after 24 h following p38 Inhibition    

	   SV40 cells MKP1-/-  JNK1-/- 

Untreated Control 37± 1% 25±0% 39± 2 % 

SB203580 Alone 53±2%* 43±0 % 43±4% 

SB203580+ Trip 45±2% 62±0% ** 48±6% 

SB203580+ EGF 40 ±1% 56±0%  30±4% 

Data is described as Mean ± SEM * P<0.05 compared with untreated control  
** P<0.05 compared with Triptolide 1nM 
Triptolide is a known inhibitor of MKP-1. In certain cell types, it causes 

inhibition of other MKPs besides MKP-1. (Romero-Sandoval, 2009).Our results 

here    show that triptolide stimulates cell migration through MKP-1 inhibition. It 

is noteworthy that in MKP-1 knockdown cells migration was almost   1.5 times 
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greater than that   compared to wild type. In other words, the knockdown cells 

closed 149% or 1.5 times more than wild type cells at 24 hours, which is   

comparable to the effect of the known mitogen EGF on this response (figure 8) 

Table 4 Dependence of triptolide induced increases in cell migration on MKP-1 expression 

Condition  Remaining  Wound Area Open   at 24 hours 

DUSP-1/ MKP-1Control   Knockdown 25 ±  0% * 

HCEC control (WT) 38 ± 0% 

EGF 10ng/ml 27 ±  0% 

Triptolide  1nM 53± 0%* 

Data is described as Mean ± SEM * P<0.05 compared with Wild type (WT)  

4.5  

MKP-1 is central target of Triptolide                                 

  Table 4 summarizes the individual effects of EGF and triptolide on cell 

migration in MKP-1 knockdown cells and compares them to the wild type 

control. With the MKP-1 knockout control cells, migration was maximal since 

MKP-1 was absent resulting in presumably prolonged p38 and ERK pathway 

phosphorylation. The stimulation was indistinguishable from that of EGF; where 

as, triptolide appears to be ineffective at cell migration. As a matter of fact, the 

remaining open wound area for Triptolide is more than twice as large as that in 

the control. Presumably, it also induced apoptosis in these cells and had cytotoxic 

effects leading to very marked declines in cell migration.   (Wan, 2005; Romero-

Sandoval 2009) besides .These effects warrant further consideration.   
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5 

Discussion 

Triptolide 

We determined here the effects of triptolide on human corneal epithelial 

cell migration. At concentrations lower than those used to suppress 

proinflammatory cytokine release by corneal fibroblasts, this herbal derivative 

stimulated corneal epithelial cell migration in a wound closure assay as much as 

an efficacious mitogen, EGF. This stimulation of cell migration is attributable to 

inhibition by triptolide of MKP-1, which is a negative feedback regulator of 

wound-induced MAPK activation. MKP-1 inhibition prolongs in other studies by 

our group EGF-induced p38 and ERK pathway activation (Wang, Z et al 2006 

and 2009). Such prolongation is known to increase cell migration through 

enhancing and prolonging MAPK phosphorylation.  

Not only is p38 MAPK involved in enhancing migration, but other studies 

from our group also implicate JNK-1 in HCEC cell migration. Our evidence for 

the involvement of JNK-1 and MKP-1 in eliciting triptolide-induced increases in 

cell migration stems from our findings that either MKP-1 or JNK-1 knockout 

obviated the increases in cell migration-induced by this herbal extract.  Therefore, 

the current study supports the notion that in a clinical setting triptolide may hasten 

healing induced by injury through stimulation of cell migration.   

 We found in most cases (except results shown in Table 4) that triptolide 

stimulated cell migration at concentrations lower than those causing cytotoxic.  

Our studies employed triptolide at the EC50 determined by Lu et al for their 
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studies on corneal fibroblasts. Similar results in a macrophage cell line, RAW 

264.7, used triptolide over the range from 10-50 nM and found it was not 

cytotoxic (Matta, 2009). As a matter of fact, over this dose range it elicited very 

profound decreases in   pro-inflammatory cytokine expression. The types of 

responses induced by triptolide are cell type specific.     In some other studies 

using p53 deficient HL-60 cells, triptolide had apoptotic effects at even lower 

concentrations (10nM) but at longer durations. (Wan, 2005).   

Approximately 20 different mammalian MAPKs have been characterized. 

MAPK is a highly conserved cascade of kinases which receives and integrates 

upstream  whose activation induces    downstream gene transcription to  stimulate 

cell functions that include cell migration, proliferation, oncogenesis, migration,    

cytokine release  and  cell death .( Teng , 2007) On the basis of  differences in the 

motifs within their activation loops, the MAPK can be divided into Erk, p38 and 

JNK subfamilies. Recently, evidence implicates all of the MAPKs to be crucial 

for regulating cell migration, through activating different cell motility regulatory 

targets   (Huang, 2004).  As we found that triptolide induced increases in cell 

migration through selective stimulation of   p38 and JNK MAPK signaling, 

additional studies are warranted to determine how such activation induces this 

response.  In particular, it is pertinent to determine   which cytoskeletal elements 

mediate cell membrane protrusion needed for cell migration.   

Why Triptolide & MAPK? 

Triptolide is a known inhibitor of DUSP-1/MKP-1 as well as DUSP-6/MKP-3. 

(Romero-Sandoval, 2009)  Nevertheless, how such inhibition impacts on MAPK 
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signaling cascade is cell type specific.  In macrophages,   MKP-1 modulates 

through negative feedback control of the phosphorylation status of p38 followed 

by JNK and Erk1/2.  On the other hand, changes in ERK1/2 activation can 

modulate DUSP-1/ MKP-1 expression levels. . (Lang, 2006) There are some 

reports suggesting how triptolide can inhibit  MKP-1 which in turn prolongs and 

enhances  p38 MAPK and JNK phosphorylation status in macrophages (Chen, 

2002 ); whereas in dendritic cells  triptolide  can activate p38 MAPK  without 

affecting the other  parallel pathways  of the MAPK cascade( Liu, 2004 ). In p53 

deficient HL-60 cells ,  triptolide activates JNK only after 36 h  through   

mitochondrial cytochrome c release  and on the other hand  inactivates ERK and 

p38 .(Wan, 2006) 

 Such cell type specific effects of triptolide on MAPK in combination with 

its anti inflammatory effects on corneal fibroblasts prompted us to determine if   

this herbal extract derivative altered SV40 HCE cell migration. In the MKP-1 

knockout cells,   triptolide failed to stimulate cell migration.  In wild type cells,  

inhibition of JNK or p38 MAPK signaling suppressed cell migration to   levels 

similar to those obtained with triptolide. This correspondence suggests that 

triptolide increased cell migration through prolongation of JNK and p38 

phosphorylation. But in the DUSP1 gene ablated cells where MKP-1 is absent, we 

found that Triptolide cannot affect JNK and p38.We also assessed the 

involvement of Erk1/2 as in some other cell types this pathway is a target for 

triptolide induced effects. (Koo, 2009, Zhou, 2007, Wan, 2006). Our results 

indicate that ERK is not involved which is in agreement with our other studies in 
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which in response to EGF. ERK mediates increases in cell proliferation in HCE 

cells rather than migration (Wang, Z 2006 and Wang Z 2009). On the other hand, 

we cannot rule out the possibility of another signaling pathway target like 

phosphatidylinositol-3-kinase (P-I 3K) or inhibition of another candidate MKP 

that might be involved in other actions of triptolide. 

 

 Triptolide induces responses independent of those elicited by p38 and JNK 

MAPK activation: 

 Although triptolide has entered clinical trials for prostate cancer treatment   and is 

also being investigated for many other potential therapeutic uses, many different 

aspects regarding its sub cellular targets are still being considered. In A549 

(human alveolar epithelial cell-like adenocarcinoma cell line) cells,    triptolide 

did not suppress interleukin-1β (IL-1β) induced inflammatory responses through 

altering p38 MAPK, JNK or PI3K signaling. It instead led to nuclear inhibition of 

nuclear factor - κβ (NF-κβ) activation. (Jang, Lim, et al. 2007). This discrepancy 

has alternative explanations.  It may be that they are due to cell type specificity 

due to uniqueness in cell signaling regulation or compensatory up regulation of an 

alternative pathway mediated by inhibition of one of several pathways eliciting 

control of cell migration. We have some evidence for the latter possibility. Upon 

pharmacological selective inhibition of either the JNK or the p38 MAPK 

pathway, cell migration was less diminished with SB203580 than SP600125. This 

may be due to the aforementioned compensatory increases in JNK pathway, 

which requires further confirmation. We have also seen that the upon p38 
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inhibition alone in JNK-1 knockdown cells ; ( see figure 7 column 2)the wound 

area open is more than that for p38 inhibition alone for wild type cells  which 

indicates there is compensatory increases in JNK when p38 is inhibited. Figure  7 

, shows that in MKP-1 knockdown cells  EGF induced response to effects of 

SB203580 are different than that  in Wild type cells But the combination of 

pharmacologic inhibition of p38 by SB203580 and knockdown of JNK-1 cells 

could obviate the triptolide induced increases where as it was not so for EGF. The 

targets for Triptolide differ from the known EGF in this case. 

 

 

 

SUMMARY 

 Triptolide in HCEC induced increases in cell migration that were comparable to 

those induced by EGF. Such increases were elicited through MKP-1 inhibition 

which in turn presumably prolonged and enhanced p38 and JNK MAPK pathway 

stimulation of cell migration elicited by injury in a wound healing assay.  Such 

increases occurred over a concentration range that was not cytotoxic (i.e 1 to 10 

nM).     However, at doses around 100 nM and more, triptolide can induce cell 

death. The underlying molecular mechanisms accounting for how triptolide 

induces through prolongation and enhancement of MAPK signaling increases in 

cell migration warrants further consideration. Furthermore it will be interesting to 

determine if triptolide inhibits MKP-1 through blocking GSK-3 mediated 

phosphorylation of MKP-1. 
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                     Comparing effects in 3 cell lines 
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Figure Legends  
Figure 1 Testable model of how Triptolide increases cell 

migration. 
Triptolide decreases MKP-1 expression through suppression 
of    its stabilization. Declines in MKP-1 expression levels 
reduce p38 and JNK dephosphorylation since DUSP1/ MKP-
1 inhibits their activity through negative feedback control of 
their activity. Prolongation of p38 and JNK phosphorylation 
resulting from MKP-1 declines promotes cell migration. 
(Arrowheads represent stimulation; whereas hammerhead 
indicates inhibition) 

 
Figure 2 A In HCEC, Scratch Wound Assay shows increased rate 

of cell migration induced by Triptolide (1nM). 
Microscopic images of linear scratch wounds created in a 
monolayer of HCEC. They show  time  dependent 
progression of wound closure   in the presence of  either 
EGF 10ng/ml  or 1 nM triptolide 1nM in comparison to 
untreated control at 0, 4, 8 and 24 hours.(n=6) 

 
Figure 2B  Comparable increases in cell migration by triptolide 

and EGF.    Images show   declines in   remaining wound 
area as a function of time. The area of wound defect at zero 
hours is considered as 100 % wound area in each case 
(n=6) 

 
Figure 3  Cell Viability Assay.    Serial triptolide dilutions were used 

to determine if triptolide was cytotoxic with 1 X 10 5 
HCEC Triptolide exposures occurred for 24 hours followed 
by testing cell viability using the Cell Titer Glo © Kit. In 
this technique.   Intracellular ATP content is measured 
based on bioluminescence obtained with the firefly assay.    
Luciferase activity measurement provides a quantitative 
assessment of cell viability. Here * p <0.05   & **   
p<0.001 as compared with untreated control. We can see 
significant cell death in HCEC at concentration above 
10nM for Triptolide. (n=3) 

 
Figure 4A  Scratch Wound Assay depicting JNK MAPK pathway 

involvement in mediating effect of Triptolide in HCEC. 
Conditions included are shown as in inset above. When 
HCEC were   preinhibited with a   JNK inhibitor SP600125 
(10µM) followed by triptolide (1nM); the cell migration is 
inhibited and essentially the same irrespective of the 
presence or absence of triptolide.   . (n=3) 
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Figure 4B JNK MAPK Pathway contributes to mediating EGF-

induced increases in migration. EGF induced increases in 
migration are significantly reduced by pre-inhibition with 
SP600125 (10µM), JNK inhibitor. (n=3)   

 
Figure 4C JNK1 -/- knockdown obviates triptolide and EGF-

induced increases in cell migration.   In the scratch 
wound assay, neither Triptolide (1nM) nor EGF (10ng/ml) 
are able to induce increases in migration more than that in 
JNK1 -/-  control.       

 
Figure 5 p38MAPK pathway activation by   triptolide 

contributes to increases in cell migration.    Conditions 
included are shown as in inset .When p38 MAPK pathway 
was preinhibited    using SB203580 (10µM) followed by 
triptolide (1nM); the cell migration is slow and remaining 
wound area was greater than untreated control but less than 
that with p38 inhibitor alone. . (n=3). This suggests that 
triptolide has another effect that can partially compensate 
for loss of p38 mediated control of migration.   

 
Figure 6 Triptolide induced wound healing rates differ according 

to cell lines. Representative micrographs of  linear scratch 
wounds in  SV40 HCEC, MKP1-/-  and JNK1-/- cell lines  
showing in the same culture extent of  wound closure 
serially at 0, 5, 8 and 24 hours for untreated control vs. 
triptolide 1nM. The defect area is open more in MKP1-/-  
and JNK1-/-   when compared with SV40 HCEC in presence 
of triptolide.   This difference suggests has another target 
besides modulating JNK1 activation through eliminating 
the negative feedback effect of MKP-1 on this MAPK 
substrate. 

 
Figure 7 Figure shows comparison of wound closure in JNK1 

and MKP1 knockdown cells induced by p38 MAPK 
inhibition with SB203580. Four different conditions are 
shown for the MKP-1 and JNK-1 cell lines compared to 
wild type SV40 as control. For each condition the defect at 
zero hours is set at 100% and is compared to remaining 
wound area after 24 h for purposes of comparison, the 
percentage is calculated as ratio to wild type SV40 control.  

 Here * p <0.05   & **   p<0.001 as compared with control. 
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Figure 8 Loss of triptolide induced increases in cell migration in 
MKP-1 knockdown cells. At 5, 9 and 24 hours, in the 
MKP-1 knockdown cells closure is much rapid than in the 
wild type cells and similar to that of EGF in the wild type 
cells.  We can see that the untreated cells close much faster 
almost similar to EGF 10ng/ml whereas in MKP-1 cells the 
cells treated with triptolide show almost 50 % wound area 
is still open at 24 hours. This result suggests that   in MKP-
1 knockdown cells triptolide can have cytotoxic effects 
leading to a decline in cell migration.  
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