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Abstract

Background—Intraperitoneal accumulation of mucinous ascites in pseudomyxoma peritonei
(PMP) promotes an inflammatory/fibrotic reaction that progresses to bowel obstruction and
eventual patient demise. Cytokines and inflammation-associated transcription factor binding sites,
such as glucocorticoid response elements and COX-2, regulate secretory mucin, specifically
MUC2, production. We hypothesized that anti-inflammatory drugs targeting inflammation-
associated pathways may reduce mucin production and subsequent disease morbidity in PMP.

Methods—The effects of dexamethasone and Celebrex were assessed in mucin-secreting human
colon cancer LS174T cells in vitro and murine xenograft models of LS174T and human
appendiceal PMP in vivo by serial parametric measurements, MUC2 transcripts via real-time RT-
PCR, and MUC2 protein expression via immunofluorescence assays.

Results—Dexamethasone significantly inhibited basal MUC2 mRNA levels in LS174T cells,
inhibited mucinous tumor accumulation in an intraperitoneal PMP xenograft model, and
prolonged survival in a subcutaneous LS174T xenograft model. Celebrex significantly inhibited
sodium butyrate-stimulated MUC2 mRNA levels in LS174T cells and demonstrated a statistically
nonsignificant trend toward reduced mucinous tumor growth and prolonged survival in the
xenograft models. MUC2 protein analysis by immunofluorescence demonstrated a dual effect of
dexamethasone on mucin production and tumor cell count.

Conclusions—Inflammatory mediators are known to regulate mucin production and may
promote overexpression of MUC2 by neoplastic cells with goblet cell phenotype in PMP. Anti-
inflammatory drugs, dexamethasone and Celebrex, could inhibit extracellular mucin production in
PMP by targeting inflammatory cascades and, therefore, may decrease compressive symptoms,
increase the disease-free interval, and reduce the extent or frequency of morbid cytoreductive
surgeries.

Pseudomyxoma peritonei (PMP) is a rare malignancy characterized by intraperitoneal
accumulation of mucinous ascites and predominantly occurs in the setting of appendiceal

© Society of Surgical Oncology 2012
CONFLICT OF INTEREST S None.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Choudry et al.

Page 2

neoplasms.! The tumor biology of mucinous appendiceal neoplasms varies from a low-
grade, noninvasive malignancy to a high-grade invasive form of the disease.2=® The clinical
course is determined by the degree of epithelial differentiation and extent of extracellular
mucin production. Progressive accumulation mucin compresses intra-abdominal organs,
leading to organ dysfunction, morbidity, and eventual patient demise. Cytoreductive surgery
with perioperative intraperitoneal chemotherapy is considered the standard of care in
managing these tumors.5.7

The epithelial cells responsible for extracellular mucin secretion are the intestinal goblet
cells.8 The tightly regulated expression of secreted mucins (MUC2, MUC5AC, MUC5B,
MUCS6, and MUC19) may be compromised by inflammation and cancer.®-11 In fact, the
inflammatory milieu of the intestinal tract is highly conducive to mucin promoter
upregulation. Inflammatory cytokines (IL-1/5, IL-6, TNF-a, INF-), bacterial products (LPS,
LTA), and growth factors (retinoids, EGF, TGF-a) have been implicated in stimulating
mucin secretion. Inflammation-associated transcription factor binding sites in the MUC2
promoter include those for activator protein (AP-1, AP-2), NF-xB, glucocorticoid response
elements (GRE), and cAMP response elements. The only known downstream signaling
cascade involved in MUC2 promoter regulation, Src/Ras/MAPK/pp90"K pathway, also is
intimately involved in inflammatory signaling. The inflammatory mediator COX-2 also has
been found to be highly overexpressed in PMP,12.13

We hypothesized that targeted reduction of mucin production may minimize disease-
associated symptoms, tumor recurrence, and the need for repeated surgical interventions.
The purpose of our current study was to investigate the role of anti-inflammatory agents in
targeted inhibition of mucin in appendiceal neoplasm with PMP.

MATERIALS AND METHODS

LS174T Human Colon Cancer Cell Line

LS174T is a human colon adenocarcinoma cell line, with “characteristics of goblet cells,”
that produces secretory mucin. This cell line was purchased from American Type Culture
Collection (Manassas, VA, USA) and cultured according to recommended conditions
[Dulbecco’s Modified Eagle’s Medium (DMEM) with 4.5 g/l of glucose, 20% fetal bovine
serum, 2 mM of L-glutamine, 20 mM of HEPES, 100 IU/ml of penicillin, and 100 pg/ml of
streptomycin] at 37°C and 5% COs».

Human Patient PMP Samples

Primary and metastatic tumor samples were obtained from preoperatively consented patients
who were diagnosed with mucinous appendiceal neoplasms with PMP. Specimens were
flash-frozen within 30 minutes of removal from the patients and stored in our tissue bank at
—-80°C. Experimental procedures were approved by the University of Pittsburgh Institutional
Review Board (UPCI IRB# 02-077).
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Murine Xenograft Model of LS174T Human Colon Cancer Cells

Murine studies were approved by the University of Pittsburgh Animal Care and Use
Committee (IACUC Protocol #0901696B-3). LS174T cells (106) were injected
subcutaneously in the right flank of mice (athymic nude mice; Taconic; Tarrytown, NY
USA) to develop the LS174T murine xenograft model. Tumor cells were allowed to grow
for 1 week until a subcutaneous nodule was seen. Animals were then randomized to
different treatment groups to ensure comparable tumor volumes at the start of the
experiment.

Murine Xenograft Model of Human Appendiceal PMP

The development of the murine xenograft model of human appendiceal PMP has been
published.14 Fresh tumor samples were immersed in phosphate-buffered saline (PBS)
containing 100 U/ml of penicillin and 100 pug/ml of streptomycin for 3 hr, and then
implanted in the peritoneal cavity of nude mice. Tumor sample PMP-754 continued to be
successfully passaged to subsequent generations in nude mice with 100% reliability and
retained the clinical and pathologic characteristics of the original human tumor.

Small Molecule Drugs to Inhibit Mucin Production In Vitro

Preconfluent LS174T cells, grown in 6-well cell-culture plates (Costar, Cambridge, MA,
USA) were treated with supplemented medium (DMEM) containing dexamethasone sodium
phosphate (Dex) (APP Pharmaceuticals, Schaumburg, 1L, USA) (1076, 1077, 1078 M) or
Celebrex (Pfizer, KS) (1078, 1075, 5 x 1075 M) for periods of 24-72 h. Fresh DMEM
containing the drug of interest was replaced every 24 h. We performed in vitro experiments
at both basal and MUC2-stimulated conditions to simulate the inflammatory milieu of the
intestinal tract. Low-dose sodium butyrate (NaB; 2.5 mM; Cayman Chemical Company,
Ann Arbor, MI, USA) was used to stimulate MUC2 production.15 Viability of cells (>95%)
was confirmed by using trypan blue stain. Harvested cells were snap-frozen for subsequent
assays.

Small Molecule Drugs to Inhibit Mucin Production In Vivo

Treatment by Dex (2 mg/kg/mouse, IP, daily) or Celebrex (20 mg/kg/mouse, oral, daily) was
commenced 7 days after subcutaneous tumor inoculation (LS174T xenograft model) or 4
days after intraperitoneal tumor inoculation (human appendiceal PMP murine xenograft
model). Control mice received daily sham IP injection or oral gavage with PBS respectively.
In the LS174T xenograft model, weekly measurements of gross body weight and
subcutaneous tumor dimensions (width and height) were recorded. Tumor volumes were
calculated from these dimensions (volume = [length x (width)?]/2). Treatments were
continued until death (natural or once maximum tumor diameter was =2 cm per IACUC
guidelines). In the PMP xenograft model, weekly measurements of gross body weight and
abdominal girth were recorded. At 5-6 weeks after tumor inoculation, once significant
tumor burden had developed, control and treated mice were euthanized. Abdominal contents
(abdominal organs + mucinous tumor deposits) were harvested en bloc and weighed. Intra-
abdominal mucinous tumor deposits were snap-frozen for further analysis.
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Quantification of MUC2 mRNAs by Real-Time Reverse Transcription-PCR

Total RNA was isolated using RNeasy Mini Kit (Qiagen, Valencia, CA) and quantified
using a spectrophotometer. Reverse transcription (RT) was performed in a Peltier Thermal
Cycler (MJ Research, Waltham, MA, USA) using random hexamers. Real-time PCR was
then performed in an ABI Cycler System (ABI Prism SDS 7000; Applied Biosystems,
Foster City, CA, USA), using commercially available primers and probes, specific for
MUC?2, MUC5AC, MUC5B, MUC6, and MUC19 cDNAs (ABI). Relative amounts of
mRNAs for gel-forming mucins were determined after normalization of individual mucin
transcripts to that of f-actin (ABI), using software supplied by the manufacturer (ABI).

Quantification of MUC2 Protein by Immunofluorescence

Mucinous tumor specimens from xenografts were placed in Tissue Path Disposable Base
Molds (Fisher Scientific, Pittsburgh, PA) and snap-frozen in Tissue-Tek O.C.T. compound
(Fisher Scientific). Using a cryostat microtome, 6-micron frozen sections of tumor tissue
were mounted on Superfrost Plus microscope slides (Fisher Scientific) and maintained at
—-20°C. Cryosections were permeabilized with 0.1% Triton-X. Slides were blocked for 45
minutes with 2% BSA (Sigma Aldrich, St. Louis, MO, USA), incubated for 60 min with
MUC?2 rabbit polyclonal primary antibody (MUC2 H-300; Santa Cruz Biotechnology, Santa
Cruz, CA), and diluted 1:100 in 0.5% BSA. The slides were then washed and incubated with
CY-3-conjugated goat-anti-rabbit secondary antibody (Santa Cruz Biotech) and diluted
1:10,000 in 0.5% BSA for 60 min. Dapi nuclear stain was applied to slides for 30 seconds.
Slides were cover-slipped with gel-vatol (Fisher Scientific) and stored at 4°C. Nikon 90i
Motorized Upright Microscope at x20 magnification was used to acquire multiple sequential
images of preset pixels for each slide using cy-3 channel (mucin) and DAPI (nuclei). NIS-
Elements 3.2 64-bit program was used to stitch together the small sequential images to
generate a single large picture image of each slide. Images of each slide were then analyzed
using MetaMorph to determine the number of nuclei (DAPI:blue) and the amount of mucin
(Cy-3:red).

Statistical Analysis

Experimental means were reported + standard error of the mean (SEM). Data were analyzed
with paired Student’s t test. Survival times were estimated by using the Kaplan—Meier
method and compared by using the log-rank test. Values were considered significantly
different if P < 0.05.

RESULTS

Relative Contribution of Secreted Mucins in Experimental Models of PMP

Using real-time RT-PCR, we found in LS174T cells that MUC2 mRNA accounted for
approximately 98% of the overall message encoding for gel-forming mucins, with a
relatively small contribution from other known gel-forming mucins (MUC5AC, MUCS, and
MUC19). Similar results were seen in the murine xenograft model. We therefore focused
our subsequent studies on targeted inhibition of MUC2.
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In Vitro and In Vivo Inhibition of MUC2 Production by Dex

The basal (unstimulated) MUC2 mRNA expression in LS174T cells was inhibited by
various concentrations of Dex, with persistent inhibition up to 72 h (DMEM: 0.04 £ 0.002
vs. Dex 1076 M: 0.03 + 0.001; 48 h; P = 0.0004; DMEM: 0.05 + 0.008 vs. Dex 1076 M: 0.03
+0.001; 72 h; P = 0.04; Fig. 1a). There was a statistically nonsignificant trend toward
reduced NaB-stimulated MUC2 mRNA production by Dex at various dose levels, most
effectively at 48 h (NaB 2.5 mM: 0.054 + 0.003 vs. Dex 1076 M + NaB 2.5 mM: 0.045 +
0.004; 48 h; P =0.07; Fig. 1b).

In the subcutaneous LS174T murine xenograft model, we demonstrated a significant
reduction in tumor volume at days 14, 21, and 28 in animals treated with Dex (at day 28:
PBS-IP: 2,998 + 496 mm? vs. Dex-IP: 1,533 + 403 mm3; P = 0.03; Fig. 2a), which
translated into a significant improvement in median overall survival (PBS-IP: 25 days vs.
Dex-IP: 43 days; P = 0.0172; Fig. 2b).

In the intraperitoneal PMP xenograft model, we demonstrated significant reduction in
mucinous tumor mass (Figs. 3a—d) at days 13 and 36 after chronic treatment with Dex, as
determined by serial measurements of xenograft weight (day 36: PBS-IP: 29.2 + 1.09 g vs.
Dex-1P: 21.7 £ 0.34 g; P = 0.002; Fig. 3e), abdominal girth (day 36: PBS-IP: 30.1 £1.2 cm
vs. Dex-1P: 23.4 £ 0.63 cm; P = 0.003; Fig. 3f), and the weight of en bloc abdominal
contents (day 36: PBS-IP: 13.02 = 0.96 g vs. Dex-1P: 6.72 £ 0.17 g; P = 0.002; Fig. 39).

Immunofluorescence analysis of samples from PBS- and Dex-treated animals at day 36
demonstrated a nonsignificant gross reduction in MUC2 protein (PBS-1P: 9,677,261 +
2,397,075 um? vs. Dex-1P: 5,752,493 + 1,924,477 um?; P > 0.05; Fig. 4a, b) and a
significant reduction in tumor cell count (PBS-IP: 20,248 + 5,196 cells vs. Dex-I1P: 4,264 +
827 cells; P = 0.04) in Dex-treated animals compared with controls (Fig. 4c). This suggests
a direct inhibitory effect of Dex on tumor cells, in addition to reduction in MUC2
accumulation.

In Vitro and In Vivo Inhibition of MUC2 Production by Celebrex

In LS174T cells, basal MUC2 mRNA expression was not affected by Celebrex treatment
(Fig. 5a). However, we demonstrated a significant reduction in NaB-stimulated MUC2
mRNA production by Celebrex, most effectively at 48 h (NaB: 0.11 £ 0.004 vs. Celebrex
107> M + NaB 2.5 mM: 0.06 + 0.01; P < 0.0001; Fig. 5b).

In vivo studies using the subcutaneous LS174T murine xenograft model demonstrated a
statistically nonsignificant trend toward reduced tumor growth in animals treated with
Celebrex (day 14: PBS-PO: 2,550 + 1,129 mm3 vs. Celebrex-PO: 1,264 + 532 mm3; P >
0.05; Fig. 6a) and a corresponding trend toward improved median overall survival (PBS-PO:
18 days vs. Celebrex-PO: 34 days; P > 0.05; Fig. 6b).

In vivo studies using the intraperitoneal PMP xenograft model demonstrated a statistically
nonsignificant trend toward reduced mucinous tumor mass at days 37 and 49 after chronic
treatment with oral Celebrex therapy as measured by serial measurements of xenograft
weight (day 49: PBS-PO: 30.5 £ 2.5 g vs. Celebrex-PO: 26.6 + 1.7 g; P > 0.05; Fig. 6¢),
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abdominal girth (day 49: PBS-PO: 32.2 £ 2.1 cm vs. Celebrex-PO: 28.1 + 1.2 cm; P > 0.05;
Fig. 6d), and weight of en bloc abdominal contents (day 49: PBS-PO: 17.4 £ 1.9 g vs.
Celebrex-PO: 13.1 £ 1.6 g; P > 0.05; Fig. 6e).

DISCUSSION

Secretory mucins, specifically MUC2, play a significant role in the clinical course of PMP.
Patient demise predominantly occurs as a result of progressive mucin accumulation, with its
associated inflammatory and fibrotic reaction, leading to intestinal obstruction.! Intestinal
epithelial goblet cells are the predominant source of MUC2 and the inflammatory milieu of
the intestinal tract is highly conducive to MUC2 promoter upregulation.1213 we
investigated the role of anti-inflammatory agents as a novel approach to disease control in
PMP.

Our experimental models included a mucin-secreting human colon cancer cell line (LS174T)
and murine xenograft models of LS174T (subcutaneous) and human PMP tissue
(intraperitoneal). NaB was used to stimulate MUC2 production in LS174T cells, to simulate
the inflammatory milieu of the intestinal tract. In LS174T cells, Dex treatment significantly
inhibited basal MUC2 mRNA, whereas Celebrex had a significant MUC2-inhibitory effect
under NaB-stimulated conditions. Whether MUC?2 inhibition is a function of altered
transcription at the promoter level or RNA stability is currently unclear. In the LS174T
xenograft model, chronic Dex therapy significantly prolonged survival. This corresponded
to a statistically nonsignificant trend toward less tumor growth by parametric measurements.
In addition, tumor growth was significantly reduced by dexamethasone in the PMP
xenograft model. Given the gross reduction in overall tumor volume, by parametric
measurements, and inhibition of MUC2 mRNA levels in vitro, we had expected to see a
corresponding reduction in MUC?2 protein staining with an increase in relative numbers of
tumor cells. Paradoxically, immunofluorescence analysis revealed a reduction in tumor cell
count, in combination with gross overall reduction in MUC2 protein volume after chronic
Dex therapy. This suggests a dual inhibitory effect of Dex on mucin production and cell
proliferation.

Cytokines have been implicated in goblet cell hyperplasia/metaplasia and mucin
hypersecretion in inflammatory diseases of the lung and gastrointestinal tract.16-18
Glucocorticoids may directly inhibit MUC2 production via GRE in the MUC2 promoter
region or indirectly via transrepression of inflammation-associated transcription factors,
including NF-xB or AP-1.1920 OQur research suggests that the anti-inflammatory effects of
Dex may be applicable to the inflammatory environment of the gastrointestinal tract for
MUC?2 regulation in mucinous malignancies. COX-2 is involved in inflammation, is
overexpressed in a number of tumors, and correlates with poor clinical outcome. In addition,
COX-2 protein levels increase during inflammation, as a result of transcript stabilization by
inflammatory cytokines.2! Gray and colleagues demonstrated elevated mucin production in
normal human tracheobronchial epithelium in response to IL-1/4 stimulation, as a result of
COX-2 overexpression.22 Our experiments demonstrated a reduction in NaB-stimulated
MUC?2 production but no inhibition of basal MUC2 synthesis after chronic Celebrex
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therapy. This suggests that Celebrex may have a negative regulatory role only under
inflammatory states, thereby countering the inflammation-induced COX-2 upregulation.

Normally, secreted mucins form a protective layer covering epithelial-lined surfaces.
However, mucinous appendiceal neoplasms with PMP are characterized by the excessive
intraperitoneal accumulation of extracellular secreted gel-forming mucins. This paradoxical
increase in mucin, in the setting of malignancy, may have a number of theoretical
explanations. Mucinous appendiceal tumors may represent a goblet cell malignancy, with
early goblet cell lineage switch during carcinogenesis, leading to goblet cell hyperplasia and,
correspondingly, increased MUC2 accumulation. On the other hand, overexpression of
MUC?2 by existing goblet cells due to the inflammatory milieu of the intestinal tract or
epigenetic activation of goblet cells during malignant transformation may play a role in the
mucinous phenotype of this malignancy. Inflammatory mediators have been shown to play a
significant role in the transcriptional regulation of mucin production. Our data suggest a
potential role for anti-inflammatory drugs in targeted reduction of mucin production in PMP.
Further studies are needed to determine the exact mechanism by which these drugs exert
their effects and their potential for therapeutic intervention in this disease.
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FIG. 1.
a Dose- and time-dependent reduction in basal MUC2 mRNA expression in LS174T cells as

demonstrated by real-time RT-PCR (DMEM: 0.04 + 0.002 vs. Dex 1076 M, 48 h: 0.03
0.001; P = 0.0004; DMEM: 0.05 + 0.008 vs. Dex 1076 M: 0.03 + 0.001; 72 h; P = 0.04); b
Trend toward reduction in sodium butyrate-stimulated MUC2 mRNA expression by Dex in
LS174T cells by real-time RT-PCR (NaB 2.5 mM: 0.054 + 0.003 vs. Dex 1076 M + NaB 2.5
mM: 0.045 + 0.004; 48 h; P = 0.07). Preconfluent cell layers were treated with Dex at
various doses for periods of up to 72 h. For stimulated mucin expression experiments,
LS174T cells were treated with NaB (2.5 mM) alone or in combination with Dex. Real-time
PCR was then performed by using commercially available primers and probe specific for
MUC2 cDNA. Relative MUC2 mRNA levels were normalized to that of f-actin. Maximal
MUC2 reduction was demonstrated with continuous exposure to 1076 M Dex for up to 72 h.
Experiments were performed in triplicate (n = 3). Error bars depict SEM; means were
compared by using paired Student’s t test, * P < 0.05
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Treatment of a subcutaneous LS174T murine xenograft model with Dex. a Significant
reduction in tumor volume at days 14, 21, and 28 in Dex-treated mice compared with PBS-
treated mice (day 28: PBS-IP: 2,998 + 496 mm?3 vs. Dex-IP: 1,533 + 403 mm?3; P = 0.03). b
Survival analysis of mice treated with Dex compared with PBS-treated controls. Data refer
to five PBS-treated and eight Dex-treated mice from day 1 of therapy until death. Dex-
treated mice had a significantly longer median survival (PBS-1P: 28 days vs. Dex-I1P >40

days; log-rank test, P = 0.0172)
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FIG. 3.
Intraperitoneal PMP xenograft model showing decreased abdominal distention and

mucinous tumor at days 13 and 36 after Dex treatment. a PBS-IP, before laparotomy; b
PBS-IP, after laparotomy; ¢ Dex-IP, before laparotomy; and d Dex-IP, after laparotomy; all
mice were euthanized on day 36. Chronic treatment with Dex (2 mg/kg/day, IP) led to a
serial reduction in (€) gross body weight (day 36: PBS-IP: 29.2 + 1.09 g vs. Dex-IP: 21.7 £
0.34 g; P =0.002), f abdominal girth (day 36: PBS-IP: 30.1 £ 1.2 cm vs. Dex-1P: 23.4 +
0.63 cm; P =0.003), and g weight of en bloc abdominal contents (day 36: PBS-1P: 13.02 +
0.96 g vs. Dex-1P: 6.72 £ 0.17 g; P = 0.002). Error barsdenote SEM (n = 5); means were
compared using paired Student’s t test; *P < 0.05

Ann Surg Oncol. Author manuscript; available in PMC 2014 August 07.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Choudry et al.

Page 12

FIG. 4.
Immunofluorescence imaging of representative tumor cryosections from a PBS-treated and

b dexamethasone-treated PMP xenograft mice at day 36. CY-3 (red) stain represents mucin
and DAPI (blue) stain represents cell nuclei within the tumor mass. ¢ Nonsignificant overall
gross reduction in mucin staining in Dex-treated mice (PBS-IP: 9,677,261 + 2,397,075 um?
vs. Dex-1P 5,752,493 + 1,924,477 um?2; P = 0.2). Simultaneous reduction in tumor cells
(PBS-1P 20,248 + 5,196 cells vs. Dex-1P 4,264 + 827 cells; P = 0.04)
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FIG.5.

a No dose- or time-dependent effect of Celebrex on basal MUC2 mRNA synthesis in
LS174T cell line as demonstrated by real-time RT-PCR. b Significant reduction in sodium
butyrate-stimulated MUC2 mRNA synthesis by Celebrex at 48 h (NaB 2.5 mM: 0.11
0.004 vs. Celebrex 105 M + NaB 2.5 mM: 0.06 + 0.01; P < 0.0001). Preconfluent cell
layers were treated with Celebrex at various doses for periods of up to 72 h. For stimulated
mucin experiments, LS174T cells were treated with NaB (2.5 mM) alone or in combination
with anti-inflammatory drugs. Real-time PCR was then performed using commercially
available primers and probe specific for MUC2 cDNA. Relative amounts of MUC2 were
normalized to factin. Experiments were performed in triplicate (n = 3); error bars depict
SEM; means were compared using paired Student’s t test; *P < 0.05
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FIG. 6.

Treatment of subcutaneous LS174T murine xenograft model with Celebrex. a Statistically
nonsignificant trend toward reduced subcutaneous tumor volume over time in Celebrex-
treated mice compared with PBS-treated mice (day 14: PBS-PO: 2,550 + 1,129 mm3 vs.
Celebrex-PO: 1,264 + 532 mm3; P > 0.05). b The survival curve reports the number of mice
still alive on different days. Data refer to five PBS-treated and eight Celebrex-treated mice
from day 1 of therapy until death. There was a trend toward longer median survival in
Celebrex-treated mice (PBS-PO: 18 days vs. Celebrex-PO: 34 days; log-rank test, P > 0.05).
Intraperitoneal PMP xenograft model treated with Celebrex (20 mg/kg/day, PO)
demonstrated a statistically nonsignificant serial reduction in (c) gross body weight (PBS-
PO: 30.5 + 2.5 g vs. Celebrex-PO: 26.6 + 1.7 g; P >0.05), d abdominal girth (PBS-PO: 32.2
+ 2.1 cmvs. Celebrex-PO: 28.1 £ 1.2 cm; P > 0.05), and (€) weight of en bloc abdominal
contents (organ block + mucinous tumor; PBS-PO: 17.4 + 1.9 g vs. Celebrex-PO: 13.1 + 1.6
g; P > 0.05) at the time they were euthanized. Error bars denote SEM (n = 5); means were
compared using paired Student’s t test
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