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Abstract

Background—Patients with long-term ulcerative colitis are at risk for developing colorectal 

cancer.

Methods—Archival formalin-fixed paraffin-embedded tissue from ulcerative colitis patients who 

underwent a colectomy for high-grade dysplasia or carcinoma was examined for changes in 

expression of plasminogen activator inhibitor-1 (PAI-1) as well as other mediators of 

inflammation-associated cancer. Epithelia from areas of colons that showed histologic evidence of 

carcinoma, high-grade dysplasia, and epithelia that were not dysplastic or malignant but did 

contain evidence of prior Inflammation (quiescent colitis) was microdissected using laser capture 

microscopy. mRNA was extracted from the microdissected tissue and PCR array analysis was 

performed. To extend our findings, PAI-1 protein levels were determined using 

immunohistochemistry.

Results—The mRNA expression of PAI-1 is increased 6-fold (p=0.02) when comparing the 

carcinoma group to the quiescent colitis group; increases were also observed in NFKB2, REL, 

SRC, and VEGFA. The protein levels of PAI-1 are increased by 50% (p<0.001) in high-grade 

dysplasia and by 60% (p<0.001) in carcinoma when compared to the quiescent colitis group.
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Conclusions—The increase in PAI-1 in high-grade dysplasia and carcinoma suggests a 

functional role for PAI-1 in malignant transformation in colitis-associated cancer. PAI-1 could also 

prove a useful diagnostic marker to identify patients at risk for neoplasia and it may be a useful 

therapeutic target to treat colitis-associated cancer.
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1. Introduction

Although several lines of evidence suggest that chronic inflammation is associated with a 

higher incidence of cancer in various organs,1 perhaps no association is stronger than that 

for chronic ulcerative colitis,2 where the risk of colon and rectal cancer is increased by both 

extent and duration of the disease.3,4 Both the length and severity of disease are associated 

with cancer risk which suggests that the chronicity of the inflammation is a causative factor 

in carcinogenesis in ulcerative colitis patients. Hence, there is likely a causal link between 

chronic inflammation in a tissue and the development of cancer in that tissue. Of particular 

interest are the molecular mechanisms that underlie the transition from a chronically 

inflamed tissue to a cancer.

Plasminogen activator inhibitor-1 (PAI-1) is derived from the gene SERPINE1 and belongs 

to the class of proteins known as serine protease inhibitors (serpins). Unlike many serpins, 

PAI-1 levels are tightly regulated due to its most characterized role in the coagulation 

system: a suicide inhibitor of both plasminogen activators, urokinase (uPA) and tissue 

plasminogen activator (tPA). This process ultimately inhibits activation of plasmin and its 

subsequent proteolytic activities including fibrinolysis. In addition to their key roles in the 

coagulation system, increased expression of PAI-1, uPA, and uPAR is associated with poor 

prognoses in many types of cancer (reviewed in 5). PAI-l is an attractive target to examine in 

inflammation-associated cancers because it can be upregulated by several signals present in 

a chronic inflammation. These include inflammatory signaling through nuclear factor-kappa 

B (NF-κB),6 hypoxia,7,8 and oxidative stress.9 In addition, the oncogene c-src, previously 

shown to be increased in colitis-associated cancer,10 can also upregulate PAI-1.11 PAI-1 can 

also cause effects that could promote cancer and worsen prognoses, including angiogenlc,12 

anti-apoptotic,13 and metastatic effects.14 While PAI-1 has received significant attention in 

cancer research, little is known about its role in ulcerative colitis and colitis-associated 

cancer. This study is the first to examine PAI-1 levels in colitis-associated cancer.

Here we report on a group of patients with colitis-associated cancer who all underwent total 

colectomy due to the detection of carcinoma or dysplasia during routine surveillance. 

Because each colon contained tissues in at least three different disease stages, we were able 

to identify and study the premalignant stage high-grade dysplasia as well as carcinoma and 

non-neoplastic tissue that had evidence of prior inflammation (quiescent colitis) in each 

patient. High-grade dysplasia is an intermediate stage, and alterations in gene and protein 

expression in high-grade dysplasia represent potential targets for early treatment and 

detection of colitis-associated cancer. Using Laser-capture microdissection and 
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immunohistochemistry, we were able to specifically isolate epithelial cells and to ensure that 

our results were specific to the affected tissue. This combination of techniques and sample 

selection has allowed us a powerful means to interrogate changes in PAI-1 and other related 

genes associated with cancer in the setting of chronic inflammation as we examine the 

transition from chronic inflammation to carcinoma in the colon tissues of patients with 

colitis-associated cancer.

2. Methods

2.1. Sample collection

Cases were identified from ulcerative colitis patients that underwent total colectomy for 

dysplasia or carcinoma by a single surgeon at Boston Medical Center. Patient specimens 

were anonymized prior to examination and analysis as approved by the Institutional Review 

Board at Boston University Medical Center. Cases were selected if the initial diagnosis was 

histologically reconfirmed by two independent gastrointestinal pathologists (MO, SC) and if 

the colon contained the two stages of colitis-associated cancer of interest (carcinoma and 

high-grade dysplasia) as well as quiescent colitis in the same specimen. Histologic 

examination of each case revealed that quiescent colitis is the most common occurring non-

actively inflamed tissue in the ulcerative colitis colon. It was therefore chosen as our 

reference group because it had been subjected to the same chronic inflammation as the 

neoplastic groups but had not undergone neoplastic transformation. The major advantage of 

obtaining blocks representing all three groups from the same patient is that this controls for 

intra-patient variability: differences in genetic background; disease history, duration, and 

severity; environmental factors; and therapeutic interventions. Additional cases were 

selected for immunohistochemistry if blocks were available that contained either quiescent 

colitis and high-grade dysplasia or quiescent colitis and carcinoma. Representative 

hematoxylin and eosin stains of these stages and their histologic descriptions are shown In 

Fig. 1.

2.2. Laser capture microscopy, RNA extraction, isolation and purification

RNA extraction from microdissected formalin-fixed, paraffin-embedded tissue is feasible15 

and can produce results similar to frozen fixed tissue even though RNA quantity and quality 

are reduced.16 Five patients were selected who had formalin-fixed, paraffin-embedded 

blocks representing each of the three stages (carcinoma, high-grade dysplasia, and quiescent 

colitis). Slices were cut to 7 μm and then mounted on glass slides. One slide was 

microdissected for each group/patient. Slides were dewaxed, rehydrated, stained with 

Paradise Plus stain, and then dehydrated. Multiple crypts were micro-dissected using laser 

capture microscopy (Arcturus Pixcell 2e, Molecular Diagnostics, Inc., Sunnyvale CA) as we 

have previously described.17 Crypts were microdissected on to CapSure HS LCM Caps 

(LCM0214, Molecular Diagnostics, Inc., Sunnyvale CA). RNA was then extracted from the 

microdissected tissue in accordance with the manufacturer’s protocol (Paradise Plus kit, 

Molecular Diagnostics, Inc., Sunnyvale CA). Briefly, microdissected samples were digested 

with proteinase K overnight. The next morning, nucleic acids were bound to a column while 

cellular debris washed through. DNA was then digested on-column, and purified RNA was 

Gillespie et al. Page 3

J Crohns Colitis. Author manuscript; available in PMC 2017 January 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



eluted. The RNA was reverse-transcribed, pre-amplified, and assayed on a custom PCR 

array (Qiagen, Valencia CA). No genomic DNA was detected using array controls.

2.3. PCR array

Custom PCR arrays (Qiagen, Valencia CA) containing primers for SERPlNE1 transcripts 

were used. Results were normalized to a housekeeping control, tyrosine-3-monooxygenase/

tryptophan-5-monooxygenase activation protein, zeta peptide (YWHAZ). Wells with no 

amplification were assigned a cycle threshold (Ct) value of 40. Results were calculated 

utilizing the ΔΔCt method and were expressed as a fold change of the quiescent colitis group 

as described in the RT2 Profiler™ PCR Array Data Analysis (http://www.sabiosciences.com/

pcrarraydataanalysis.php). Statistical comparisons were performed using Bioconductor’s R 

statistical program (HTqPCR Bioconductor package; http://www.bioconductor.org). All data 

passed equivariance and normality tests. Results for any gene were discarded if multiple 

wells did not show amplification.

2.4. Immunohistochemistry

Archived formalin-fixed, paraffin-embedded samples (n = 11 quiescent colitis, n = 10 high-

grade dysplasia, n = 9 carcinoma) described as above were cut to 5 μm, mounted upon glass 

slides, and then deparaffinized and rehydrated. To facilitate maximal binding, antigen 

retrieval was performed using a BioGenex EZ-Retriever and CITRA-PLUS buffer 

(BioGenex, Fremont CA) heated to 97 °C for 15 min. Slides incubated in 10% rabbit serum 

in PBS, and were then probed with an antibody for PAI-1 (ab31280, Abcam, Cambridge 

MA). Antibody specificity was validated by probing a small group of samples with and 

without a blocking peptide. After incubation with the primary antibody, samples were 

probed with a secondary antibody labeled with fluorescein (31509, Thermo Fisher 

Scientific, Rockford IL), mounted (VECTASHIElD mounting medium, Vector Labs, 

Burlingame CA), and photographed (Nikon Deconvolution Wide-Field Epifluorescence 

Microscope, Nikon Instruments, Melville NY). From each slide, five representative fields 

were randomly selected, and each field’s mean fluorescent intensity was quantified using 

ImageJ (National Institutes of Health, Bethesda MD). Average mean intensities for each 

sample/group were analyzed by one way repeated measures ANOVA. All data passed 

equivariance and normality tests. Post-hoc pairwise means comparisons were performed 

using the Holm-Sidak method (SigmaStat, Systat Software, San Jose CA).

3. Results

3.1. mRNA expression of SERPINE1 is increased in the transition from quiescent colitis to 
carcinoma

The mRNA of the SERPJNE1 transcript is increased 6.0-fold (p=0.02) in carcinoma when 

compared to non-neoplastic epithelium from areas of quiescent inflammation (Fig. 2). 

Samples from patients with high grade dysplasia showed no statistically significant 

differences compared to either of the other two groups.
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3.2. Protein levels of PAI-1 are increased in the transition from quiescent colitis to high 
grade dysplasia and carcinoma

Immunofluorescent staining with an antibody that selectively recognizes PAI-1 reveals that 

in quiescent colitis, rare cells in basal crypts show a diffuse cytoplasmic signal. High-grade 

dysplasia and adenocarcinoma show similar patterns of diffuse reactivity with strong 

cytoplasmic staining and peripheral or membranous accentuation. One-way repeated 

measures ANOVA shows a difference in mean fluorescent intensity among the three groups 

(p<0.001). Multiple mean comparisons show that there is a 50% increase (p<0.001) in high-

grade dysplasia and a 60% increase (p<0.001) in carcinoma compared to quiescent colitis 

(Fig. 3). These data show that there is an increase in PAI-1 protein as the chronically 

inflamed epithelium transitions from quiescent colitis to neoplasia and malignancy.

3.3. mRNA expression of genes that regulate PAI-1 is increased in the transition from non-
neoplastic epithelium to carcinoma

The mRNA of the NFKB2 transcript, which encodes the NF-κB subunit p52, is increased 6-

fold (p = 0.03) in carcinoma compared to quiescent epithelium, but there are no significant 

differences between high-grade dysplasia and the other two groups (Fig. 4). The mRNA of 

the REL transcript, which encodes the NF-κB subunit c-Rel, is increased 8-fold (p = 0.02) in 

carcinoma compared to quiescent epithelium; there are no significant differences between 

high-grade dysplasia and the other two groups (Fig. 4). The mRNA of the SRC transcript, 

which encodes the oncogene c-src, is increased 2-fold (p = 0.04) when comparing the 

carcinoma group to the high-grade dysplasia group; there are no significant differences 

between the quiescent colitis group and the other two groups (Fig. 4).

3.4. mRNA expression of VEGFA, a gene that is regulated by PAI-1. is increased in the 
transition from non-neoplastic epithelium to carcinoma

The mRNA of the VEGFA transcript, which encodes vascular endothelial growth factor A, is 

increased by 4-fold (p = 0.03) in carcinoma compared to quiescent epithelium (Fig. 4), and 

the comparison between high-grade dysplasia and carcinoma is increased 8-fold, (p = 0.06).

4. Discussion

This is the first study to examine the expression of PAI-1 in colitis-associated cancer. A 

unique group of ulcerative colitis patients that had transitional stages of colitis-associated 

cancer (high-grade dysplasia and carcinoma), as well as quiescent colitis, present in the 

same colectomy specimen was utilized to demonstrate that there are significant increases in 

both the mRNA and protein levels of PAI-1 as this disease transitions from quiescent colitis 

to dysplasia and carcinoma. By specifically isolating colonic epithelia using laser capture 

microdissection for PCR analysis, we were able to analyze SERPINE1 expression, along 

with other genes up and downstream of PAI-1. We were also able to localize increased 

immunostaining to the colonic epithelium using immunofluorescence. The mRNA and 

protein increases follow a similar pattern and suggest that the changes are controlled at the 

transcriptional level. The finding that PAI-1 is increased in colitis-associated cancer is 

pathologically significant because it is a key mediator induced by chronic inflammation that 

can promote the development of dysplasia and malignancy. PAI-1 can be increased by a 
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variety of signals present in chronic inflammatory conditions such as ulcerative colitis, and it 

can initiate angiogenic,12 anti-apoptotic,13 and metastatic14 effects that promote malignancy.

We also demonstrated in this study that NFKB2 (p52) mRNA and REL (c-Rel) mRNA, 

members of the NF-κB family, were significantly increased in the transition to colitis-

associated cancer (Fig. 4). These results implicate chronic inflammatory signaling as a 

mediator of increased SERPINE1 gene expression. It has been reported that pro-

inflammatory signals including LPS,18 TNF,19 IL-1,20,21 and IL-622 increase SERPINE1 

gene expression and PAI-1 protein levels in vitro. The observation that LPS induces 

SERPINE1 gene expression is especially interesting in light of recent work showing that 

mice taking toll-like receptor 4 (TLR4), which binds LPS and initiates a pro-inflammatory 

program, have reduced incidence of colitis-associated cancer induced by dextran sodium 

sulfate/azoxymethane.23 Conversely, mice with constitutively active TLR4 have increased 

tumor number and mortality in the same model.24 This may be in part due to increased 

PAI-1 expression in wild-type mice as opposed to TLR4-deficlent mice. IL-6 protein levels 

and signaling have also been shown to be increased in mouse models of colitis-associated 

cancer25 where they have a pro-survival effect26; again, this could be partially explained by 

increased PAI-1 expression. Studies also show that LPS and TNF upregulate PAI-1 through 

an NF-κB-dependent pathway.6 In ulcerative colitis, there are likely to be many factors in 

addition to those already discussed that are produced by chronic inflammation and can cause 

NF-κB activation. In light of our results regarding the NFKB2 and REL genes, it Is 

interesting to speculate that cancerous cells may be hyper-responsive to these signals, 

producing elevated levels of PAI-1 and other cancer promoting molecules.

We also show an increase of the oncogene c-src, which was previously reported by 

Cartwright et al.10 in malignant epithelia from patients with ulcerative colitis. This result 

represents another mechanism by which PAI-1 may be elevated in colitis-associated cancer. 

c-src has been shown to mediate the increased expression of PAI-1 through an ERK-

dependent pathway.11 ERK activates a pro-proliferative program and is responsive to many 

signaling pathways including c-src; several of these pathways have already been shown to be 

dysregulated in colitis-associated cancer. Increases In oncogenic k-ras in high-grade 

dysplasia27 as well as the epidermal growth factor receptor28 and the truncated neuroklnln-1 

receptor17 in carcinoma may play a role in activating ERK and increasing expression of 

PAI-1 as well.

Another mechanism by which SERPlNE1 expression could be increased in ulcerative colitis 

is the mucosal hypoxia that typifies the inflamed colitic lesions.29 Patients with ulcerative 

colitis have elevated levels of the hypoxia-inducible factor 1-alpha (HIF-1α) and HIF 2-

alpha focally expressed in colonic epithelial cells.30 These transcription factors can remain 

elevated during remission of colitis, suggesting that hypoxia can persist during quiescent 

stages of disease.31 In response to hypoxia, inflamed colonic mucosa have increased 

vascularity compared to normal tissue, in part due to increased levels of vascular endothelial 

growth factor (VEGF). a pro-angiogenic downstream target of HIF-1α.30 In our study, we 

show an increase in the VEGFA gene between the quiescent colitis and carcinoma groups; 

this may be an effect of both PAI-1 and hypoxia, a result corroborated by in vitro studies.32 

Hypoxia and HIF-1α activation are also capable of upregulating PAI-1,7 and such increases 
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can persist after HIF-1α levels return to baseline.8 Thus, inflammation-induced hypoxia is 

another mechanism by which chronic ulcerative colitis could upregulate expression of 

SERPINE1.

PAI-1 activation may occur due to inflammation-associated increases in oxidative stress. 

Inflammation causes increases in reactive oxygen and nitrogen species (RONS), which serve 

to destroy pathogens and signal changes in the inflammatory process. RONS have long been 

considered to play a significant role in inflammation-induced carcinogenesis because of their 

ability to oxidize DNA, proteins and lipids which leads to dysfunction and importantly, 

DNA mutation. Constant exposure to oxidative stress is a source of genetic instability that 

drives carcinogenesis. In addition to DNA damage, production of superoxide in vitro can 

upregulate PAI-19; therefore, oxidative stress represents another mechanism that could 

upregulate PAI-1.

PAI-1 initiates several effects that could promote cancer or increase malignancy in the 

chronically inflamed colon (Fig. 5). Clinical data shows that increased PAI-1 levels in 

colonic cancer epithella are associated with increased metastases.33 It is estimated that in 

colon cancer, one quarter of patients will present with synchronous liver metastases and one 

half will develop liver metastases.34 For patients with liver metastases, the progression of the 

disease in the liver determines the life expectancy of the patient.35 This is surprising in light 

of the fact that the most characterized function of PAI-1 is to reduce plasmin-mediated 

proteolysis through direct inhibition of tPA and uPA which reduces matrix degradation, a 

process linked to metastasis. However, PAI-1 mediates several other functions that could 

explain its metastatic effects: it can increase cell motility by causing de-adhesion by 

competing for binding Interactions between the uPA:uPAR complex and integrins36 and 

vitronectin.37–39 These observations suggest that cells may migrate away from vitronectin-

containing matrices, as was reported in vitro that neuroblastoma cells move from vitronectin 

to fibronectln after treatment with PAI-1.40 Another mechanism by which PAI-1 increases 

cell migration is by binding to the LDL receptor-related protein and stimulating the Jak/Stat 

pathway.41 Thus, PAI-1 is likely capable of increasing cell motility and tumor cell 

metastasis, which would contribute to malignancy and worsen prognosis.

Several studies confirm that PAI-1 plays a significant role in angiogenesis that can support 

tumor growth.42–44 One possible explanation can be found in our result that VEGFA is 

increased in carcinoma and the increase in PAI-1 may be partially responsible for this 

result.32 The mechanism by which PAI-1 controls angiogenesis is not well-understood, but 

in vitro studies have shown that it is capable of promoting migration and proliferation of 

vascular smooth muscle cells45 as well as inhibiting apoptosis.46 Overall, PAI-1 appears to 

have pro-angiogenic effects.

Studies have also suggested that PAI-1 has anti-apoptotic and pro-proliferative effects as 

well. One study showed that addition of PAI-1 to cancer cells causes decreased spontaneous 

and induced apoptosis.47 Furthermore, fibrosarcomas derived from PAI-1 deficient mice are 

more sensitive to apoptotic stimuli in vitro and have a longer lag time to tumor growth in 
vivo.48 PAI-1 regulates apoptosis by several mechanisms: it inhibits plasminogen activation, 

which has been shown to be pro-apoptotic49–51; it directly inhibits caspase-346; it activates 
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the anti-apoptotic signaling molecule Akt52; and it prolongs ERK1/2 phosphorylation, either 

directly45 or in conjunction with uPA.53 Thus, there are clearly several mechanisms by 

which PAI-1 might promote malignancy in colitis-associated cancer.

In the setting of chronic colitis, much of the colon is often affected at the cellular level 

despite appearing grossly normal or quiescent. As inflammatory episodes recur, the resulting 

tissue damage initiates a continuous process of tissue remodeling, healing and repair. In the 

design of this study where patient’s colonic tissues are used as their own controls, this 

phenomenon can create a dilemma as to which tissue to use as a reference standard. Since 

histologically unaffected colon tissue is uncommon in patients with chronic inflammation, 

we chose quiescent tissue since our pathologists noted that this was the predominant non-

inflamed tissue in the majority of specimens. In addition, quiescent tissue has been exposed 

to the stresses of chronic inflammation that initiate carcinogenesis; consequently, there will 

be pre-neoplastic changes in tissue that appears to be non-neoplastic. One such change is the 

mutations to the tumor suppressor gene p53 that have been observed in histologically normal 

epithelium from patients with CAC.54 Thus, quiescent cells may be undergoing early 

neoplastic events and may be tumor precursors. Further examination of pre-neoplastic 

quiescent epithelium may provide key functional mechanisms of tumor promotion and 

suppression that may be important pharmacological targets.

The colon specimens utilized in this study were obtained anonymously, although all cases 

were confirmed histologically by two pathologists. We therefore have no access to 

information such as the duration and severity of the disease or details regarding the patient’s 

treatment history. These represent potential confounding factors that may have influenced 

this study; however, by including only patients that had areas of quiescent disease and non-

neoplastic epithelium and by using patient matched samples, we feel we have controlled for 

this potential variability. Thus, PAI-1 could be a useful diagnostic marker to assist in 

identification of patients with neoplasia. In addition, further examination of the pathways by 

which PAI-1 influences cancer may allow for the discovery of novel targets and treatments 

for colitis-associated cancer. These findings merit validation in a larger study, and PAI-1 

should be examined as a potential marker for inflammation-associated cancers in other 

organs.
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NF-κB nuclear factor kappa-B

LPS lipopolysaccharide

TNF tumor necrosis factor

IL-1 interleukin-1

IL-6 interleukin-6

TLR4 toll-like receptor 4

ERK extracellular signal-responsive kinase

HIF hypoxia-Inducible factor

VEGF vascular endothelial growth factor

RONS reactive oxygen and nitrogen species

uPAR urokinase receptor
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Figure 1. 
Hematoxylin and eosin stained sections from colitis-associated cancer patients. Bright field 

photomicrographs from colon section displaying quiescent colitis at (A) 100× and (B) 200× 

magnification showing branched and elongated crypts typical of reparative processes after 

inflammation; high-grade dysplasia at (C) 100× and (D)200× magnification; and carcinoma 

at (E) 40× and (F) 100× magnification. In high-grade dysplasia, note the increased size and 

disorder of the nuclei (D, indicated by arrows). In carcinoma, note the Invasive pseudo-

crypts that extend beyond the mucosal membrane (E, Indicated by arrows).
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Figure 2. 
mRNA expression of SERPINE1 is increased in the transition from quiescent colitis to 

carcinoma. Each group (n = 5) contains individual observations (each individual is a distinct 

color/shape) and means ± SEM for groups. Results were calculated using the ΔΔCt method 

and expressed as a fold change of the quiescent colitis group as described in the RT2 

Profile™ PCR Array Data Analysis (http://www.sabiosciences.com/

pcrarraydataanalysis.php).
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Figure 3. 
Protein levels of PAI-1, are increased in the transition from quiescent colitis to high grade 

dysplasia and carcinoma. Representative images immunofluorescent staining of quiescent 

epithelium (top left), high-grade dysplasia (middle left) and carcinoma (bottom left) using an 

antibody targeting PAI-1. Exposure time = 300 msec. Top right, mean fluorescent intensities 

with individual observations (each individual is a distinct color/shape) and mean ± SEM (n = 

11 quiescent colitis, n = 10 high-grade dysplasia, n = 9 carcinoma). Each observation 

represents the average fluorescent intensity from five randomly selected fields.*p<0.05 

compared to quiescent colitis. Bottom right, staining without (left) and with (right) 

neutralizing peptide displays specificity of the antibody.
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Figure 4. 
mRNA expression of genes that regulate PAI-1 is increased in the transition from non-

neoplastic epithelium to carcinoma. Graphs for NKFB2, REL, SRC and VEGFA with 

individual observations (each patient is a distinct color/shape) with means±SEM. Results 

were calculated using the ΔΔCt method and expressed as a fold change of the quiescent 

colitis group as described in the RT2 Profiler™ PCR Array Data Analysis (http://

www.sabiosciences.com/pcrarraydataanalysis.php). *p<0.05 difference between groups.
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Figure 5. 
Pathways by which PAI-1 may contribute to colitis-associated cancer. Here we propose a 

mechanism by which an epithelial cell responds to the stimuli present in chronic 

inflammation by upregulating PAI-1 and some pro-malignant sequelae of that upregulation. 

Inflammation produces a variety of signals that can upregulate PAI-1 in colitis-associated 

cancer; these signals include oxidative stress, inflammatory mediators, hypoxia, and 

substance P. We have shown that both isoforms of the neurokinin-1 receptor are expressed in 

colon epithelial cells and that the truncated form is Increased in dysplasia and colitis-

associated cancer.17 The upregulation of PAI-1 has direct consequences for the epithelial cell 

that promote its transformation to dysplasia or malignancy, including anti-apoptotic 

signaling and the promotion of anglogenesis and cell motility and metastasis. Additionally, 

transformed cells may be capable of producing signals that upregulate PAI-1. Genes 

depicted in bold/red were also identified as increased in this study. Abbreviations: RONS, 

reactive oxygen and nitrogen species; SP, substance P; HIF, hypoxia inducible factor; NF-

κB, nuclear factor kappa B; PAI, plasminogen activator inhibitor; VEGF, vascular 

endothelial growth factor.
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