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Abstract
AIM: To investigate the role of small intestinal carcinoid 
tumor-derived fibrotic mediators, TGFβ1 and CTGF, in 
the mediation of fibrosis via  activation of an “intestinal” 
stellate cell.

METHODS: GI carcinoid tumors were collected for Q 
RT-PCR analysis of CTGF and TGFβ1. Markers of stellate 
cell desmoplasia were identified in peritoneal fibrosis 
by immunohistochemistry and stellate cells cultured 
from fresh resected fibrotic tissue. CTGF and TGFβ1 
were evaluated using quantitative tissue array profiling 
(AQUA analysis) in a GI carcinoid tissue microarray 
(TMA) with immunostaining and correlated with clinical 
and histologically documented fibrosis. Serum CTGF was 
analyzed using a sandwich ELISA assay.

RESULTS: Message levels of both CTGF and TGFβ1 in SI 
carcinoid tumors were significantly increased (> 2-fold, 
P < 0.05) versus normal mucosa and gastric (non-fibrotic) 
carcinoids. Activated stellate cells and markers of stellate 
cell-mediated fibrosis (vimentin, desmin) were identified 
in histological fibrosis. An intestinal stellate cell was 
immunocytochemically and biochemically characterized 
and its TGFβ1 (10-7M) initiated CTGF transcription 
response (> 3-fold, P  < 0.05) demonstrated. In SI 
carcinoid tumor patients with documented fibrosis, TMA 
analysis demonstrated higher CTGF immunostaining 
(AQUA Score: 92 ± 8; P  <0.05), as well as elevated 
TGFβ1 (90.6 ± 4.4, P  < 0.05). Plasma CTGF (normal 
12.5 ± 2.6 ng/mL) was increased in SI carcinoid tumor 
patients (31 ± 10 ng/mL, P  < 0.05) compared to non-

fibrotic GI carcinoids (< 15 ng/mL).

CONCLUSION: SI carcinoid tumor fibrosis is a CTGF/
TGFβ1-mediated stellate cell-driven fibrotic response. 
The delineation of the biology of fibrosis will facilitate 
diagnosis and enable development of agents to obviate 
its local and systemic complications.
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INTRODUCTION
Carcinoid (neuroendocrine) tumors are enigmatic, gener-
ally slow growing malignancies that occur most frequently 
(67%) in the GI tract[1]. They are not rare lesions, arising 
in 1.68 of  every 100 000 people[1]. The commonest gut 
tumor is the SI carcinoid tumor[1,2], which is derived from 
neuroendocrine enterochromaffin (EC) cells. SI carcinoid 
tumors are usually identified based on their characteristic 
paroxysmal symptomatology of  flushing, sweating and 
diarrhea. They are often, however, detected at surgery for 
unexplained bowel obstruction[3], as a consequence of  the 
fibrosis that they engender[4]. The etiology of  this desmo-
plastic response is unknown but is a consequence of  con-
version of  the normally filmy and flexible mesentery into 
a contracted fibrous adhesive mass with bands and even 
retroperitoneal desmoplasia[5,6]. These events are due both 
to tumor invasion and the ability of  secretory products 
of  the EC cell to initiate fibrosis by activating local cells 
to produce a desmoplastic response[7]. SI carcinoid tumor 
patients also develop distant (cardiac) fibrosis suggesting 
that the bioactive agents involved in the process have both 
a paracrine and a systemic effect[6]. In contrast, neither gas-
tric carcinoids (derived from the neuroendocrine EC-like 
(ECL) cell) nor pulmonary carcinoids are associated with 
extensive local or systemic desmoplastic responses[8].

The mechanism whereby such fibrosis occurs is un-
known although serotonin has previously been suggested 
as a mediator[6]. TGFβ1 and CTGF are well-characterized 
fibrotic factors[9-12]. TGFβ1 is a profibrotic mediator that 
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induces CTGF expression[10]. Together, these factors stim-
ulate over-production of  collagen synthesis[13,14]. The target 
cells of  TGFβ1 and CTGF are activated myofibroblasts, 
also known as stellate cells[15,16]. In the pancreas, TGFβ1 
activates pancreatic stellate cells (PSCs) in both experimental 
and human pancreatic fibrosis; these cells are the main 
cellular source of  collagen in chronic pancreatitis[17-19]. SI 
neuroendocrine tumors express TGFβ1 and its receptors, 
while stromal cellular elements around tumor nests express 
the TGFβ receptor[20]. This suggests a mechanism by 
which tumor cells can interact with and alter the character 
of  the surrounding stroma.

We hypothesized that tumor TGFβ1 and CTGF 
produced by EC cells is involved in the mechanism of  SI 
carcinoid tumor fibrosis via activation of  an “intestinal” 
stellate cell. The aims of  this study were to: (1) quantify 
CTGF and TGFβ1 message in carcinoid tumor tissue; (2) 
examine protein expression levels of  CTGF and TGFβ1 
and matrix proteins using immunohistochemistry in SI 
carcinoid tumors and intestinal fibrosis; (3) isolate and 
characterize the “intestinal” stellate cell; (4) examine the ef-
fects of  TGFβ1 on this cell type; (5) quantitatively analyze 
CTGF and TGFβ1 protein levels on a GI carcinoid tissue 
microarray by AQUA analysis; and 6) determine whether 
serum CTGF discriminated SI carcinoid tumor patients 
with fibrosis from other non-fibrotic GI carcinoids.

MATERIALS AND METHODS
These studies were approved by the Human Investigations 
Committee at the Yale University School of  Medicine.

Tissue specimens
Tissue for molecular analysis: Tumor tissue from ten 
GI carcinoid patients (M:F = 6:4; median age [range] = 60 
years [40-78]) diagnosed with either SI EC cell carcinoid 
tumors (n = 5) or gastric ECL cell carcinoids (n = 5) were 
collected for this study (Table 1). None of  the patients had 
received therapy (surgery or somatostatin analogues) prior 
to tissue procurement. Paired normal tissue samples were 
also obtained from adjacent, macroscopically normal, non-
tumor mucosa in nine cases from these patients.

Tissue for cell culture analysis: Tumor tissue and mes-
enteric fibrotic tissue was obtained from a patient with a 
fibrotic SI carcinoid tumor (male, 43 years; sample #6) 
operated on at Yale University (by IMM). This patient had 
not received medical therapy (somatostatin analogues) 
prior to surgery and was a de novo case of  SI fibrosis.

GI Carcinoid TMA: Formalin-fixed paraffin-embedded 
tissue blocks containing GI carcinoids (stomach: n = 7; 
and SI: n = 36) diagnosed between 1965 and 2001 at the 
Yale University School of  Medicine Department of  Pa-
thology were retrieved. Follow-up information was avail-
able (median follow-up: 110 mo, range: 24-456 mo) for all 
patients. The TMA consisted of  primary GI carcinoids, 
matched normal mucosa and peritoneal fibrotic material 
and was represented by 2 cores/case. Complete clinical 
details including fibrosis were known for all patients. 

Clinically significant fibrosis was determined at surgery, 
and all samples were examined by a pathologist (RLC) to 
histologically confirm fibrosis.

Serum: Twenty-nine subjects (median age [range] = 42 
years [20-83]; M:F = 17:12) attending the Neuroendocrine 
Referral, Oncology and Surgery outpatient clinics at Yale 
University School of  Medicine were recruited for serum 
analysis. These included 29 patients with GI carcinoids: 
SI EC cell carcinoid tumors (n = 16), gastric ECL cell car-
cinoids (n = 7), and six other GI carcinoids [rectal: n = 2, 
parotid: n = 1, appendiceal: n = 2, duodenal: n = 1]. Serum 
samples from ten age-, sex-matched control subjects were 
also collected.

Tissue techniques
Quantitative RT-PCR: Total RNA was isolated from 
frozen carcinoid tumor tissue (n = 10) and normal mucosa 
(n = 9) with TRIzol reagent (Invitrogen, Carlsbad, CA) fol-
lowing the manufacturer’s guidelines. RNA was dissolved 
in DEPC water, measured spectrophotometrically and an 
aliquot analyzed on a denaturing gel using electrophoresis 
to check the quality of  RNA isolated.

CTGF and TGFβ1 message were quantitatively mea-
sured in the ten tumor and nine control samples as de-
scribed[21,22]. Briefly, Q RT-PCR was performed using the 
ABI 7900 Sequence Detection System. Total RNA from 
each sample was subjected to reverse transcription using 
the High Capacity cDNA Archive Kit (Applied Biosys-
tems, Foster City, CA). 2 µg of  total RNA in 50 µL of  
water was mixed with 50 µL of  2X RT mix containing 
Reverse Transcription Buffer, dNTPs, random primers 
and Multiscribe Reverse Transcriptase. RT reaction was 
carried out in a thermal cycler for 10 min at 25℃ fol-
lowed by 120 min at 37℃. Real time PCR analysis was 
performed in triplicate[21,22]. cDNA in 7.2 µL of  water was 
mixed with 0.8 µL of  20 × Assays-on-Demand primer 
(CTGF = Hs00170014, TGFβ1  = Hs00171257, GAPDH 
= Hs99999905) and probe mix, 8 µL of  2 × TaqMan 
Universal Master mix in a 384 well optical reaction plate. 
The following PCR conditions were used: 50℃ for 2 min, 
then 95℃ for 10 min, followed by 40 cycles at 95℃/0.15 

Table 1  Clinical details of carcinoid tumors used for mRNA 
analysis

No Sex Age2 Race Tumor
site

Lymph node
involvement

Liver
involvement

Fibrosis3

  11 M 71   H     G           N           N        N
  21 M 45   W     G           N           N        N
  31 F 74   W     G           N           N        N
  41 M 78   W     G           N           N        N
  5 F 40   W     G           N           N        N
  64 M 43   W     SI           N           Y        Y
  71 F 60   W     SI       16/22           N        Y
  81 M 59   W     SI           N           Y        N
  91 M 73   W     SI         1/9           Y        N
101 F 53   W     SI         1/12           N        N

1Normal tissue available, 2Age at time of procedure, 3Identified at surgery; 
4Used to isolate and culture intestinal stellate cell. H: Hispanic; W: White; G: 
Gastric ECL carcinoid; SI: SI EC cell carcinoid tumor.



min and 60℃/1 min. A standard curve was generated for 
each gene using cDNA obtained by pooling equal amounts 
from each sample (n = 19). The expression level of  target 
genes was normalized to internal GAPDH. Data was 
analyzed using Microsoft Excel and calculated using the 
relative standard curve method (ABI, User Bulletin #2).

Immunohistochemistry: Serial sections (5 µm) encom-
passing SI carcinoid tumors or fibrotic tissues were 
deparaffinized in xylene and rehydrated in graded alcohols. 
For antigen retrieval purposes, sections were immersed in 
citrate buffer (10 mM sodium citrate, pH 6.0), and subjected 
to 1 × 10 min high temperature-high pressure treatment 
followed by treatment with 0.3% H2O2 in methanol for 30 
min at 37℃ to inactivate endogenous peroxidase. In some 
studies, sections were incubated with goat antiserum to 
CTGF (1:250) or TGFβ1 (1:1000) (both from Santa Cruz 
Biotechnology, Santa Cruz, CA) diluted in Tris-buffered 
saline containing BSA and a monoclonal antibody against 
CgA (0.5 µg/mL) or serotonin (2 µg/mL) (both from 
DAKO, Carpinteria CA) for 24 hr at 4℃ and then with Alexa 
488-labeled anti-mouse IgG (1:100 dilution) for 1 hr at RT. 
Donkey anti-goat antibody conjugated to a horseradish 
peroxidase-decorated dextran polymer backbone (Envision; 
DAKO Corp, Carpinteria, CA) was used as a secondary 
reagent. HRP-amplification was performed. CTGF or 
TGFβ1 was visualized with a fluorescent chromogen 
(Cy-5-tyramide; NEN Life Science Products, Boston, MA). 
Dual-positive cells (CTGF + serotonin or CTGF + CgA) 
were counted in a minimum of  5-well orientated sections 
and expressed as a percentage. In other studies, fibrotic 
areas from the peritoneum of  patients with SI carcinoid 
tumors were stained with mouse anti-a-smooth muscle 
actin (1:1000) or desmin (1:1000, both DAKO), goat anti-
vimentin (1:1000), collagen Ⅲ (1:1000) or CTGF (1:250). 
Stromal (myofibroblast) cells were separable from tumor 
cells that were identified by the use of  a fluorescently tagged 
anticytokeratin antibody cocktail (AE1/AE3; DAKO 
Corp). Nuclei were visualized by 4’, 6-diamidino-2-phenyl-
indole (DAPI 10 mg/mL). Localization of  expression of  
products was used to determine whether stromal (non-cy-
tokeratin staining) or tumor cells expressed these products.

Intestinal stellate cell culture and analysis: Stellate 
cells were isolated using a modification of  the method by 
Bachem et al[15]. Briefly, cells were isolated from the fibrotic 
tumor specimen (hand dissected, digested in collagenase 
(0.25 mg/mL)/DNAse (100 U/mL) solution for 60 min 
at 37℃ under constant aeration) and were cultured on 
10 cm2 uncoated culture wells in 10% fetal calf  serum 
in a 1:1 (vol/vol) mixture of  DMEM and Ham’s F12 
medium supplemented with 2% L-glutamine, 100 IU/mL 
penicillin, 100 µg/mL streptomycin, and 1% amphotericin. 
Twenty-four hours after seeding, the culture medium was 
changed and the myofibroblasts remained attached to the 
plastic. After reaching confluence, cells were subcultured 
by trypsinization using a 0.025% trypsin solution 
containing 0.01% EDTA in PBS. For immunofluorescence 
microscopy, cells were seeded on 1 cm2 glass coverslips 
in six-well (10 cm2/well; 2 mL medium) plates (2-3 glass 
coverslips per well). Phase-contrast microscopy was used 

to identify the translucent fat droplets in the cytoplasm 
and stellate-like morphology that typifies stellate cells[15]. 
These studies were undertaken within the first 3-d as 
culturing cells results in a transdifferentiation from 
a vitamin A-storing phenotype to a myofibroblastic 
phenotype[15]. For immunocytological characterization, 
cells cultured on uncoated glass coverslips were fixed for 
30 min in -20℃ acetone and air-dried. Coverslips were 
preincubated for 15 min in TBS (pH 7.4) with 3% bovine 
serum albumin and 0.3% hydrogen peroxide. Incubations 
with the primary antibody (mouse monoclonal: a-smooth 
muscle actin 1:1000) was performed at room temperature 
in a humidified chamber for 1 h. Non-specific staining was 
controlled by omitting the primary antibody and including 
mouse, non-immune serum at the same dilution as used for 
the specific primary antibody. After rinsing (three times for 
5 min with TBS/Tween-0.5%), the second antibody (HRP 
goat anti-mouse, diluted 1:100) was added and incubated 
for 1 h at room temperature. Cy5-labelled tyramide (TSA; 
NEN Life Science Products, Boston, MA) was used with 
DAPI (10 mg/mL) to stain nuclei and cells observed with 
a fluorescence microscope. For RNA studies, cultured cells 
were stimulated with TGFβ1 (10-7 M) for 24 h. Thereafter, 
RNA was isolated and Q RT-PCR performed as described 
above to quantitatively measure TGFβ1-stimulated CTGF 
message.

AQUA Analysis of  CTGF and TGFβ1 in the car-
cinoid TMA: Tissue microarray slides were stained as 
described[21,23]. Antigen retrieval and immunostaining for 
CTGF, TGFβ1 (1:1000, Santa Cruz Biotechnology, Santa 
Cruz, CA), cytokeratin and nuclei were as above. Protein 
expression (CTGF or TGFβ1) was determined using an 
automated tissue microarray reader. Automated image 
acquisition and analysis using AQUA has been described 
previously[21,23]. In brief, monochromatic, high-resolution 
(1024 × 1024 pixel; 0.5-µm) images were obtained of  each 
histospot. Areas of  tumor separate from stromal elements 
were distinguished by creating a mask from the cytokeratin 
signal. Coalescence of  cytokeratin at the cell surface local-
ized the cell membranes, and DAPI was used to identify 
nuclei. The Cy-5 signal from the membrane area of  tumor 
cells was scored on a scale of  0-255 and expressed as signal 
intensity divided by the membrane area. Histospots con-
taining < 10% tumor, as assessed by mask area (automated), 
were excluded from further analysis. Previous studies have 
demonstrated that the staining from a single histospot pro-
vides a sufficiently representative sample for analysis[24].

Serum techniques
CTGF serum ELISA: Serum CTGF-W (whole molecule) 
and CTGF-N (N-terminal fragment) were assayed by two 
separate sandwich enzyme-linked immunosorbent assays 
(ELISA). The CTGF-W ELISA uses a capture mAB re-
active to the amino terminus of  CTGF, and detects the 
bound CTGF-W with an alkaline phosphatase labeled 
mAb reactive to the carboxyl- terminal region of  CTGF. 
A second ELISA uses two non-cross blocking monoclo-
nal antibodies reacting to distinct NH2-terminal epitopes 
of  CTGF. This assay detected both CTGF-W and CTGF 
N fragment, so-called CTGF N + W, as described previ-
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ously[25]. CTGF-N is a value calculated by subtracting 
CTGF-W from the CTGF N + W level measured by the 
second assay. Standards for both assays were made from 
purified full-length CTGF and expressed in nanograms per 
milliliter. The intra- and interassay coefficient of  variation 
was 5 and 15%, respectively, for both ELISA tests. Data 
on CTGF-W is presented in this study.

Statistical analysis
Results are expressed as mean ± SE; n indicates the num-
ber of  patients in each study group. Statistical significance 
was calculated by the Student’s test for unpaired values or 
non-parametric statistics as appropriate. On the TMA, the 
unpaired 2-tailed Student’s t-test was used to identify statis-
tically significant differences in fibrotic protein expression 

between different patient groups (patients with clinical 
evidence of  fibrosis versus non-fibrosis, fibrosis versus 
gastric carcinoid).

RESULTS
Quantitative RT-PCR
Q RT-PCR analysis was undertaken using Assays on De-
mand (Applied Biosystems) on the RNA isolated from 
SI EC cell carcinoid tumors (fibrosis associated) (n = 5); 
gastric ECL cell tumors (little fibrosis) (n = 5); normal SI 
mucosal samples (n = 4) and normal gastric mucosa (n = 5) 
to quantitatively measure the levels of  CTGF and TGFβ1 
mRNA expression in these two different tumor types. 
Transcript levels of  both CTGF and TGFβ1 were signifi-
cantly elevated in the five SI carcinoid tumor samples (P < 
0.05 vs normal mucosa) (Figure 1A). In contrast, TGFβ1 
message was not different (+ 1.13-fold) in gastric carci-
noid tumor samples compared to normal, and message 
levels of  CTGF were significantly decreased (-1.3-fold; P < 
0.01) compared to SI carcinoid tumors (Figure 1A). There 
was a good correlation (R2 = 0.95) between CTGF and 
TGFβ1 message levels in the SI carcinoid tumor samples 
demonstrating that transcription of  these growth factors 
was tightly associated in this tumor tissue (Figure 1B). No 
relationship was noted between TGFβ1 mRNA levels and 
CTGF mRNA levels in gastric carcinoids (R2 = 0.01). These 
results demonstrate while both gastric and SI carcinoid tu-
mors express mRNA for TGFβ1, CTGF mRNA is over-
expressed only in SI carcinoid tumors. CTGF and TGFβ1 
transcript levels are associated in SI carcinoid tumors.

Immunohistochemistry
CTGF and TGFβ1 in tumor samples: CTGF was local-
ized in the cytoplasm of  SI carcinoid tumor cells (Figure 2). 
Co-staining with anti-CgA (Figure 2A) or anti-serotonin 
(Figure 2B)  antibodies demonstrated a significant co-local-
ization with CTGF and either antibody (80 ± 12% and 93 
± 6% respectively) in tumor mucosa. Like CTGF, TGFβ1 
was cytoplasmic and was present in > 75% of  tumor cells 
(Figure 2C). These results demonstrate that TGFβ1 and 
CTGF expression are characteristic features of  SI EC cell 
carcinoid tumors.

Matrix production in fibrosis: a-smooth muscle actin-
positive cells were identified interspersed with carcinoid 
tumor cells in areas of  fibrosis (Figure 3A). a-smooth 
muscle actin is a marker for activated myofibroblasts (or 
stellate cells) and indicates that, as for the pancreas, stellate 
cells are present in peritoneal fibrotic material associated 
with SI carcinoid tumor mesenteric invasion[15]. Vimentin, 
desmin and collagen-Ⅲ positivity was identified with stel-
late cells (Figure 3B-D). These are markers of  a TGFβ1-
mediated stellate-cell driven fibrosis[15,19,26], and indicate 
that this response occurs in SI carcinoid tumors. CTGF 
was present in both tumor cells and stellate cells (Figure 
3E and F), consistent with the expression of  this fibrotic 
mediator in both cell types.

Intestinal stellate cell isolation and culture
Myofibroblasts from SI carcinoid tumor fibrotic surgical 
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Figure 1  A: Message levels of both CTGF and TGFβ 1 determined by Q RT-PCR. 
Levels were corrected against expression of the housekeeping gene, GAPDH, 
compared to similarly corrected gene levels in normal mucosa, and represented 
as fold increase over normal (1.0). TGFβ 1 was significantly over-expressed 
(about 2.5-fold) in SI carcinoid tumor samples compared to normal mucosa (aP 
< 0.05) but not the gastric carcinoids. CTGF was significantly over-expressed 
(about 2.5-fold) in SI carcinoid tumor samples compared to normal mucosa (aP < 
0.05) while gastric carcinoids had significantly decreased CTGF compared to SI 
carcinoid tumors (bP < 0.01). Mean ± SE; B: Correlation analysis of QRT-PCR 
results in SI EC cell carcinoid tumors. There was a good correlation between 
CTGF and TGFβ1 transcript levels in tumor samples (R2 = 0.9445, P < 0.01, n = 5).
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Figure 2  A: Triple color staining of nuclei (blue-DAPI), CgA (green-Alexa 488) and CTGF (red-Cy5) in a SI carcinoid tumor from the carcinoid TMA. Staining for both CgA 
and CTGF was cytoplasmic. Dual-stained (CgA + CTGF) cells are yellow. A majority of CgA cells (about 80%) were also CTGF positive (x 400); B: Triple color staining of 
nuclei, serotonin (green-Alexa 488) and CTGF in a carcinoid tumor from the TMA. Staining for both Serotonin and CTGF was cytoplasmic. Dual-stained (Serotonin + CTGF) 
cells are yellow. A majority of the serotonin cells (about 95%) were also CTGF positive. (x 600); C: Triple color staining of nuclei (blue-DAPI), cytokeratin (green - Alexa 488) 
and TGFβ1 (red-Cy5) in a carcinoid tumor from the TMA. Staining for TGFβ1 was cytoplasmic. A majority of the carcinoid tumor cells (cytokeratin-positive) (about 85%) 
were also TGFβ1 positive (x 200).

A B C

Figure 3:  Immunostaining of areas of SI carcinoid tumor fibrosis with a-smooth muscle actin (A), vimentin (B), desmin (C), collagen III (D) and CTGF (E/F). Triple color 
staining of nuclei (blue-DAPI), cytokeratin-carcinoid tumor cells (green-Alexa 488) and the protein of interest (red-Cy5). (A) Discrete a-smooth muscle actin-positive cells 
(yellow star) were noted interspersed with tumor cells (white star) in areas of fibrosis. Cells consistent with myofibroblasts were associated with vimentin (B), desmin (C), 
collagen-III (D) and CTGF (E/F) production (yellow arrows). Within the fibrosis, carcinoid tumor cells were also CTGF-positive (F) (white arrow) (400 × magnification).
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tissue were cultured on plastic as described. Cells in pri-
mary cultures flattened and developed long, cytoplasmic 
extensions. During the 5-7 d in culture, cells developed 
the typical stellate shape (Figure 4A) and became positive 
(100%) for a-smooth muscle actin-a marker of  myofibro-
blasts (Figure 4B). This is the classical stellate cell (myo-
fibroblast) activation pathway[15,19]. Stimulating the cells 
with TGFβ1 (10-7 mol/L) for 24 h significantly increased 
CTGF mRNA expression (3.2 ± 0.7, P < 0.05 vs un-stimu-
lated cells) (Figure 4C).

AQUA Analysis of CTGF and TGFβ 1
An examination of  the CTGF-stained histospots from 
the 36 patients with SI carcinoid tumors demonstrated 
that CTGF expression levels ranged from: AQUA score: 
49.7-186.3. Higher levels of  CTGF staining (AQUA score: 
92.5 ± 8.2; P = 0.017) were identified in the fifteen SI car-
cinoid tumor patients with clinical (surgical) and histologi-
cally documented evidence of  peritoneal fibrosis compared 
to the twenty-one patients (AQUA score: 72.7 ± 3.2) with 
no evidence of  fibrotic disease (Figure 5). CTGF levels in 
non-tumor, non-fibrotic normal SI mucosal tissue were 
significantly lower (59 ± 4, P < 0.005) than in patients with 
clinically and histologically documented fibrotic disease.

An examination of  the CTGF-stained histospots 
from the seven patients with gastric carcinoids assessed by 
AQUA demonstrated that expression levels were not ele-
vated in these patients compared to normal matched gastric 
mucosa (64 ± 3 vs 72 ± 3) but were significantly lower than 
in SI carcinoid tumors associated with fibrosis (P < 0.03).

An examination of  the TGFβ1-stained histospots 
from patients with SI carcinoid tumors demonstrated that 
although TGFβ1 expression levels were elevated in pa-
tients with documented fibrosis (AQUA score: 90.6 ± 4.4) 
compared to the patients with no evidence of  fibrotic dis-
ease (AQUA score: 82.7 ± 4.0) this did not reach statistical 
significance (P = 0.08). TGFβ1 levels were, however, lower 
in the matched normal SI mucosal samples (65 ± 4, P < 
0.05 versus fibrotic tumor samples). In the gastric mucosa, 
expression levels were not elevated in patients with gastric 
carcinoids compared to normal matched mucosa (61 ± 5 
vs 64 ± 3) but, as for CTGF, values in these non-fibrotic 
samples were significantly lower than in SI carcinoid tu-
mors associated with fibrosis (P < 0.03).

CTGF serum ELISA
Serum levels of  CTGF ranged from 7.2-171 ng/mL. 
Significantly higher serum CTGF levels were found in pa-
tients with SI carcinoid tumors (31.0 ± 10) than in patients 
with ECL cell carcinoids (12.5 ± 4.9, P < 0.03), other GI 
carcinoids (12.9 ± 0.6, P < 0.04) and control patients (12.4 
± 4, P < 0.02) (Figure 6). A comparison of  serum CTGF 
levels with tissue levels of  CTGF (AQUA scores) (where 
available) identified a strong correlation between these two 
measurements (R2 = 0.91, P < 0.005, n = 9).

DISCUSSION
In the current study, we present data in support of  our 
hypothesis that fibrosis is associated with invasion of  
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Figure 4  Micrographs of primary cultured human myofibroblasts isolated from human fibrotic material (SI carcinoid tumor). A: Light microscopy identified the typical stellate 
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the mesentery by SI carcinoid tumor cells and is a conse-
quence of  the secretory activity of  these cells. In addition 
we have demonstrated that the mechanism may be due to 
CTGF production, and TGFβ related events that activate 
an intestinal stellate (myofibroblastic) cell resulting in a lo-
cal desmoplastic response. The latter is responsible for the 
clinical consequences of  mesenteric fibrosis and adhesive 
obstruction noted in SI carcinoid tumors.

In our studies, Q RT-PCR demonstrated that all sam-
ples from patients with SI carcinoid tumors had elevated 
CTGF message levels (+ 1.1 to + 4.4-fold). In contrast, 
non-fibrotic gastric ECL cell carcinoids had significantly 
decreased CTGF levels. This analysis demonstrates that 
CTGF was quantitatively over-expressed in SI tumors. 
Message levels for TGFβ1 were elevated in SI carcinoid 
tumor samples but not in gastric samples. These results in-
dicate that CTGF and TGFβ1 are potentially functionally 
related in the tumor EC cell but not in the ECL cell. We 
have previously reported that type I gastric (ECL cell) car-
cinoids (with no evidence of  fibrosis) failed to express de-
tectable levels of  CTGF message by standard RT-PCR[27]. 
These results suggest that CTGF message produced by a 
transformed neuroendocrine cell (the SI EC cell) is associ-
ated with fibrosis.

Immunohistochemistry demonstrated that the major-
ity (> 75%) of  SI carcinoid tumor cells expressed CTGF. 
In normal mucosa, CTGF immunostaining was restricted 
to the basal third of  the SI crypts with either CgA or 
serotonin-positive cells. Approximately one-third of  sero-
tonin-expressing (EC) cells were CTGF-positive (data not 
shown). It is likely that the remainder of  the CTGF-stain-
ing cells are myofibroblasts in the crypts. CTGF-positive 
myofibroblasts have previously been demonstrated in the 
rectum[28].

Carcinoid tumor cells also express TGFβ1, and pre-

sumably this growth factor is secreted by these cells dur-
ing mesenteric invasion. This was previously noted by 
Chaudhry et al[20] who reported that stromal cells expressed 
the TGFβ receptor. This suggests a mechanism by which 
tumor cells can interact with stromal cells and influence 
their function. Our immunohistochemical analysis dem-
onstrated that stromal cells in areas of  mesenteric fibrosis 
were a-smooth muscle actin positive. a-smooth muscle 
actin is a marker for activated myofibroblasts (or stellate 
cells[15,19]) and indicates that fibrosis-induction in the small 
intestine is associated with a stellate cell phenotype. This is 
a typical phenotype of  both pancreatic- and hepatic-asso-
ciated fibrosis[17,19], and suggests this may be an archetypi-
cal GI fibrotic phenomenon. This postulate is supported 
by evidence that vimentin, desmin and collagen-Ⅲ, all 
markers of  a stellate-cell driven fibrosis, were present in SI 
fibrosis.

In order to confirm whether stellate cells were present 
in this tissue and played a role in fibrosis, we isolated and 
characterized a cell type from a patient with SI carcinoid 
tumor fibrosis that exhibited the hallmarks of  a stellate 
cell[15]. During primary culture, this cell flattened, initially 
developed long, cytoplasmic extensions, and subsequently, 
the typical stellate shape of  activated myofibroblasts. The 
presence of  a-smooth muscle actin staining confirmed 
the stellate cell phenotype. Addition of  TGFβ1 resulted 
in activation of  CTGF message and demonstrated the cell 
type to be functionally responsive to this growth factor. 
These functional data, together with the immunohisto-
chemical evidence of  activated intestinal stellate cells in 
situ, strongly suggest that carcinoid-induced fibrosis is a 
stellate-cell induced phenomenon. It is possible that the 
“intestinal stellate” cell could be derived from precursor 
cells in blood stream and there is some evidence that bone 
marrow-derived cells can migrate into the SI[29]. A study of  
hepatic stellate cells, however, conclusively identified that 
these cells were not derived from bone marrow derived 
fibrocytes[30]. The latter did not stain for a-smooth muscle 
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Figure 5  AQUA scores for CTGF protein expression in the TMA. Levels in tumors 
from carcinoid patients with clinically or histologically documented fibrosis (fibrotic 
SI carcinoid tumors) were significantly higher than tumors from patients with no 
evidence of fibrosis (non-fibrotic SI carcinoid tumors and gastric carcinoids) and 
normal mucosa. No differences in expression were noted between either non-
fibrotic SI carcinoid tumors or gastric carcinoids and normal mucosa respectively. 
(aP < 0.05 vs non-fibrotic SI carcinoid tumors, bP < 0.01 vs normal SI mucosa). NS 
= not significant. mean ± SE.
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actin or desmin and were considered a separate population 
within the liver. This, as well as our immunohistochemical 
results strongly suggests the presence of  an endogenous 
intestinal stellate cell population.

Having established that mesenteric fibrosis was as-
sociated with elevated CTGF and TGFβ1 in SI carcinoid 
tumors and identified a mesenteric target cell (intestinal 
stellate cell), we next used TMA analysis to both quanti-
tate the protein expression as well as the cellular source 
of  CTGF and TGFβ1 and statistically determine whether 
these proteins were related to clinically and histologically 
documented evidence of  fibrosis. Our results demon-
strated that TGFβ1 levels were elevated in patients with 
fibrosis, and were significantly increased compared to nor-
mal SI mucosa and to gastric carcinoids. The difference in 
protein expression between fibrotic SI carcinoid tumors 
and non-fibrotic gastric carcinoid samples identified on the 
TMA further supports a role for TGFβ1 in the etiology of  
this fibrosis. The role of  CTGF was confirmed by the un-
ambiguous relationship between increased expression of  
CTGF protein in primary SI carcinoid tumors and fibrosis. 
It is of  interest to note that five patients who initially had 
exhibited elevated CTGF AQUA scores (87 ± 5) on the 
TMA subsequently developed fibrosis.

In order to identify a clinically useful tool to recognize 
patients at risk for fibrosis, we sought to measure CTGF 
in serum. Secreted CTGF protein could be identified in 
patient serum and was elevated in patients with SI carci-
noid tumors compared to patients with gastric ECL cell 
carcinoids. Serum levels of  CTGF from the latter patient 
group were similar to values in control subjects as might 
be predicted given that the gastric carcinoids are not asso-
ciated with carcinoid fibrosis. The highest levels of  serum 
CTGF in this study were identified in two patients with 
SI carcinoid tumors who also had the typical carcinoid 
“flushing” symptoms consistent with disseminated disease. 
This suggests this protein is identifiable in serum and can 
discriminate SI from gastric carcinoids. Prospective lon-
gitudinal studies in patients with and without fibrosis are 
needed to determine whether plasma levels have clinical 
significance in the detection, or prediction of  peritoneal or 
cardiac fibrosis. 

In conclusion, SI carcinoid tumors over-express CTGF 
and TGFβ1 mRNA and synthesize CTGF and TGFβ1 
protein which are significantly elevated in patients with 
clinically documented fibrosis. In addition, SI carcinoid 
tumors secrete CTGF, which is readily detectable in the 
serum. We have also immunohistochemically identified 
and biochemically characterized intestinal stellate cells 
from mesenteric fibrosis. These cells respond to TGFβ1 
with CTGF mRNA transcription. In addition, matrix pro-
duction in SI carcinoid tumor fibrosis was similar to that 
identified in other stellate cell-driven reactions (e.g., liver 
or pancreas)[15,17,19]. We postulate that intestinal stellate cells 
are the target cells that are activated by profibrotic media-
tors (TGFβ1 and CTGF) synthesized and secreted by inva-
sive SI carcinoid tumor cells. Furthermore, once activated, 
these stellate cells may auto-regulate the fibrotic phenotype 
(by production of  CTGF). The detection of  blood levels 
of  CTGF may ultimately provide a diagnostic opportunity 
to predict the development of  fibrosis and pre-empt its lo-
cal and systemic complications.
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