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Abstract

Background—Pentostatin, an adenosine deaminase (ADA) inhibitor, is a purine antimetabolite
used for the treatment of leukemias. ADA inhibition blunts expansion of proliferating
lymphocytes and increases adenosine release, a potent anti-inflammatory molecule. Human
inflammatory bowel disease (IBD) is driven by expansion of effector T cells (T¢¢) that overwhelm
reulatory T cells (Tyeg) and propagate innate immune reponses. Here we study the therapeutic
benefits of ADA inhibition to impair Te¢ cell expansion and reduce inflammatory cytokine release
in 1L-10-deficient (1L-10~/7) mice.

Methods—Colitis was induced in 1L-10~/~ mice by administering piroxicam for two weeks.
Mice were treated with daily pentostatin or phosphate-buffered saline for 1 week and effects on
tissue inflammation, lymphocyte numbers and cytokine production examined.

Results—Pentostatin reduced inflammation by >50% and nearly normalized serum amyloid A
levels. Lymphocyte expansions in the colon and mesenteric lymph node (MLN) (3.5-fold and >5-
fold respectively) dropped by >50-90%. Pro-inflammatory factors in the colon and MLN (IL-1B,
IFN-y, IL-6, CXCL10, TNF) dropped whereas FoxP3 and TGF-B were unchanged. Reductions in
cytokine production from equivalent numbers of T cells from pentostatin-treated mice after in
vitro (36h) or in vivo (3h) activation suggested anti-inflammatory effects of pentostatin
independent of lymphodepletion contributed to its therapeutic benefit. Analysis of mucosal
lymphocyte subsets suggested pentostatin reduced numbers of effector CD4+ CD69+ T cells,
while sparing CD4+ CD62L+ T cells.

Conclusions—~Pentostatin dosages that avoid severe lymphocyte depletion effectively treat
colitis by impairing Te¢s cell expansion and reducing pro-inflammatory cytokine production while
preserving regulatory Treq populations and function.
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Inflammatory bowel disease (IBD), including Crohn’s disease (CD) and ulcerative colitis
(UC), is thought to result from a dysregulated immune response to commensal enteric
bacterial antigens.12 The chronic nature of inflammation has been attributed to disturbed
immune homeostasis due to polarized, dysregulated immune responses (Thl, Th17, and/or
Th2) that potentiate inflammation.3-9 Because the underlying mechanism driving intestinal
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inflammation remains elusive, pharmacotherapy targeting downstream effects remains the
mainstay of therapy. Traditional therapies result in nonspecific immune suppression
(corticosteroids) or targeting of immune cell function (e.g., T and B lymphocytes, NK cells,
etc.) by antimetabolites (e.g., azathioprine, methotrexate). Recent advances have focused on
targeted biologic therapy (e.g., anti-TNF mAb) based on our evolving understanding of the
immunopathogenesis of IBD.

Adenosine deaminase (ADA) is a ubiquitous enzyme involved in purine salvage and
recycling. It is concentrated in lymphoid tissue with heightened activity in proliferating cells
found in inflamed, injured, or ischemic remodeling tissue.19-13 The congenital absence in
humans results in Severe Combined Immunodeficiency syndrome (SCID) with resultant
lymphopenia. Accumulation of 2-deoxyadenosine appears to be instrumental in
lymphopenia, likely through phosphorylation to dATP and subsequent allosteric inhibition
of ribonucleotide reductase resulting in impaired DNA synthesis in dividing cells (e.g.,
effector sites within an active immune response).1* 2-Deoxyadenosine also inhibits S-
adenosyl homocysteine hydrolase, which modulates APO-1/FAS-mediated cell death.® In
addition, ADA deficiency/inhibition results in accumulation of adenosine. Adenosine is a
nucleoside essential to DNA synthesis, but also functions as a sighaling molecule through 4
described G-protein-coupled receptors, where it has been described to modulate immune
responses.16:17 Receptor A2A signaling appears to impart an antiinflammatory effect. Its
activation attenuates immune responses in models of tissue-specific immune activation such
as colitis, asthma, diabetes, and others.18-20 A2A activation attenuates ischemia/reperfusion
injury in the kidney, liver, heart, and lung.21-24 More important to IBD, selective A2A
activation reduces murine intestinal inflammation through downregulation of lymphocyte
function.2® In vitro data suggest that A2A activation downregulates proinflammatory
cytokine secretion in both lymphocytes and macrophages.26-2% Additionally, adenosine
receptor A1 null mice are more susceptible to kidney reperfusion injury, with the presence
of Al conferring a protective effect through modification of proinflammatory cytokine, in
particular TNF.30 Adenosine receptor A3 agonism is protective in both dextran sulfate
sodium-induced colitis and 1L-10~/~ colitis.3 Thus, signaling through adenosine receptors
may diminish autoimmune inflammation in a wide range of tissues.

We hypothesized that the combination of focal lymphocyte toxicity within areas of active
immune response (due to 2-deoxyadenosine accumulation) and downregulation of the
proinflammatory response (due to adenosine accumulation) makes adenosine deaminase an
attractive therapeutic target in IBD, where rapid induction of disease remission is desirable.

The aim of the present study was to examine whether inhibition of ADA attenuates
experimental colitis by blunting expansion of disease-causing effector T cells while reducing
proinflammatory cytokine responses. We postulated that these effects would combine to
reestablish regulated mucosal immune environments. To test this hypothesis we used a
specific commercially available ADA inhibitor, pentostatin (2-deoxycorformycin [Nipent]),
currently indicated for use in hairy cell leukemia.32 To determine the relationship between
ADA inhibition and colitis we examined the effects of pentostatin on colitis activity as well
as mucosal lymphocyte subset numbers and immune cell function.

MATERIALS AND METHODS

Mice

The study used 5-7-week-old wildtype (WT) and IL-10~/~ C57BL/6 mice purchased from
Jackson Laboratories (Bar Harbor, ME). All mice were housed in the Northwestern
University animal care facility under specific pathogen free (breeding) or conventional
(colitis) conditions.
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Colitis Induction and Pentostatin Treatment

All animal protocols were approved by the Animal Care and Use Committee of
Northwestern University. The onset of spontaneous colitis was accelerated and synchronized
by giving 5-6-week-old C57B6 IL-10~/~ mice piroxicam (Sigma-Aldrich, St. Louis, MO)
mixed into their feed (Harlan Teklad, Madison, WI, standard powdered rodent chow) for 2
weeks. They received 60 mg of piroxicam / 250 g of chow during week 1 and 80 mg
piroxicam/250 g chow during week 2. Mice were then placed on normal rodent diet without
piroxicam for the remainder of the protocol.33

Forty-eight hours after discontinuing piroxicam, mice were either given daily injections of
intraperitoneal phosphate-buffered saline (PBS) or the ADA inhibitor pentostatin (Hospira,
Lake Forrest, IL) at 0.75 mg/kg on days 16 to 22. Animals were sacrificed and colitis
assessed on day 24.

Histologic Assessment of Colitis

Entire colons were opened longitudinally and rolled up onto a syringe plunger. The tissue
was fixed in 10% neutral buffered formalin overnight, removed from plungers without
unrolling, and processed for sectioning. Then 4 um longitudinal sections were cut and
stained with hematoxylin and eosin (H&E) for histologic assessment. Inflammation was
scored on a scale from 0—4 per the scoring system described by Berg et al.34

Cell Isolation and CD4+ T-Cell Enrichment

Spleen and mesenteric lymph node (MLN) were mechanically dissociated and red blood
cells lysed with ACK lysis buffer (Cambrex Bio Science, Walkersville, MD). Cell
suspensions were washed and stored in DMEM containing 5% FCS (Cellgro, Herndon, VA)
on ice until used. Cells from colon lamina propria (LP) were isolated as described previously
with modifications.3® In brief, colons were removed and flushed with ice-cold PBS to
remove fecal contents, opened longitudinally, and cut into 1-cm pieces. The pieces were
digested for 30 minutes in 5 mM EDTA and 0.014% dithiothreitol (DTT). Pieces were
washed with cold PBS and supernatants discarded. The remaining tissue was minced and
digested for 5 10-minute intervals in a buffer containing 1 mg/mL collagenase (Sigma-
Aldrich), 4 mM CaCl,, and 2% FCS. After each 10-minute interval the cells released were
centrifuged, washed, and stored in 5% DMEM on ice, and the mucosal pieces remaining
were replaced in fresh digestion buffer. All 5 fractions were combined and viable cells were
obtained by suspending the cells in 0.3 pg/mL DTT in DMEM and centrifuging them over
1-Step 1.077/265 (Accurate Chemical, Westbury, NY). For some experiments, populations
of MLN lymphocytes were further purified utilizing a Mouse CD4 Subset Column Kit per
the manufacturer’s protocol (R&D Systems, Minneapolis, MN).

Flow Cytometry

SAA ELISA

Cells from the spleen, MLN, and colon were freshly isolated as described previously. For 4-
color analysis, cells were stained with FITC-, PE-, and APC-conjugated or isotype matched
mADbs (BD Biosciences, Franklin Lakes, NJ). Nonviable cells were excluded from analysis
on the basis of propidium iodide staining. Data were collected and analyzed using a
FACSCalibur flow cytometer and CELLQuest software (Becton Dickinson, San Jose, CA).

Blood was collected at the time of sacrifice. Mouse serum amyloid A (SAA) was measured
on centrifuged serum using enzyme-linked immunosorbent assay (ELISA) kits (BioSource
International, Camarillo, CA) following the manufacturer’s protocol.
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RNA Extraction and Real-Time Polymerase Chain Reaction (PCR)

Total cellular RNA was extracted from freshly isolated MLNSs or proximal colon by
homogenization in Trizol reagent (Invitrogen, Carlsbad, CA) per the manufacturer’s
protocol and quantified spectrophotometrically. One pug of RNA was reverse-transcribed
with an iScript cDNA synthesis kit (Bio-Rad, Hercules, CA) using RNase H+ MMLV
reverse transcriptase and oligo(dT) primers. Four pL of cDNA was added to total volume of
50 uL of QuantiTect Sybr Green PCR kit (Qiagen, Valencia, CA). Primers were purchased
from Integrated DNA Technologies (Coralville, 1A). Applied Biosystems PCR 7500 Real
Time cycler was used to run the PCR reaction, consisting of 40 cycles at 95° for 15 seconds,
60° for 1 minute. Data were analyzed utilizing 7500 system SDS software. GAPDH was
utilized to standardize samples as the housekeeping gene to control for sample loading and
to allow normalization between samples. Relative fold increase in mRNA was determined
using ABI software.

Anti-CD3mAb Protocol

Hamster anti-mouse CD3 mAb (2C11) was purified from hybridoma supernatant as
previously described.36 Mice were given 200 pg via intraperitoneal injection and sacrificed
3 hours later for assessment of cell yields and RNA isolation.

Cell Culture and ELISA

For IFN-y analysis, MLN CD4+ T cells were cultured for 36 hours in 24-well culture plates
(Falcon, Becton Dickinson) with 1 mL of media (1 x 106 cells/well) at 37°C. The culture
media (DMEM) contained 10% FCS, 10 mM HEPES buffer 2 mM L-glutamine, 5 x 107> M
2-ME, 100 pg/mL penicillin, 100 mg/mL streptomycin, and 1x nonessential amino acids
(Cellgro). Cells were cultured alone or in wells previously coated overnight with anti-CD3
mADb and anti-CD28 mAb (BD Pharmingen, San Diego, CA), each at 1 pg/mL. ELISA
(Pierce, Rockford, L) was used to measure IFN-y in culture supernatants per the
manufacturer’s protocol.

Statistical Analysis

Data are the mean + standard error of the mean (SEM) of multiple determinations.
Difference between 2 groups was compared using Student’s t-test. A value of p < 0.05 was
considered significant.

RESULTS

Pentostatin Treatment Results in a Dose-Dependent Lymphocyte Depletion

In IBD there is a robust lymphocyte expansion that occurs in draining lymph nodes as well
as within mucosal tissues. To minimize systemic immunosuppression, we selected a dose of
pentostatin that would limit lymphocyte expansion but not reduce levels below mean
baseline numbers (i.e., pre-colitic). To identify a dose of pentostatin that would partially
reduce the lymphocyte expansion induced by colitis without significant myelosuppression, a
range of dosages were given to uninflamed WT B6 mice. Data in Figure 1 indicate that
dosages between 0.5 and 1 mg/kg/day resulted in a 25%-30% reduction in splenic
lymphocytes and a 50%-60% reduction in MLN lymphocytes, while at 5 mg/kg/day
lymphocytes were reduced by 70% in the spleen and 95% in the MLN. A “sub-ablative”
range of pentostatin dosages (0.5, 0.75, and 1 mg/kg/day) were then examined in established
IL-10~"~ colitis. We noted increased mortality and delayed recovery of weight loss (19%
versus 5% below untreated) at 1 versus 0.75 mg/kg/day (data not shown). As histologic
responses improved at 0.75 mg/kg/day without increased mortality, this dose was chosen for
subsequent studies. At the 0.75 mg/kg/d dosage, lymphocyte counts in established colitis
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were “partially reduced” to levels above those detected in control mice. The effects of partial
lymphodepletion were studied to test its usefulness while limiting the risk for
immunocompromised infections and enhancing its potential for clinical usefulness in IBD.

Pentostatin Administration Attenuates Established Colitis in IL-10~/~ Mice

Administration of piroxicam for 2 weeks accelerates and synchronizes the onset of colitis in
IL-10~/~ mice with marked colonic crypt hyperplasia, muscle wall thickening, mononuclear
cell infiltration of the LP, and transmural inflammation. By the end of piroxicam feeding,
nearly all 1L-10~/~ mice (>90%) developed epithelial ulceration and significantly higher
inflammatory scores compared to piroxicam-treated B6 controls.33 Treatment with
pentostatin (initiated 2 days after cessation of piroxicam) reduced inflammatory scores (3.5
+ 0.5 versus 1.3 + 0.3, P = 0.03) despite the aggressive nature of the transmural colitis (Fig.
2A,B). Mononuclear cell infiltration was diminished, with recovery of intact epithelium and
normalization of muscularis mucosa (elimination of transmural lesions). Crypt hyperplasia
improved and thickening of the muscle wall returned to near baseline (Fig. 2A).
Furthermore, the dramatic induction of plasma serum amyloid A levels was nearly
normalized by pentostatin therapy (Fig. 2C). Taken together, these results suggested that
pentostatin has potent therapeutic effects in IBD, both locally (in the colon) and systemically
(evidenced by SAA and data below).

Pentostatin Administration has a Lymphocyte-Specific Depleting Effect and Reduces the
Production of Thl Proinflammatory Cytokines

Inflammation in IL-10~/~ colitis results from dysregulated CD4-driven innate immune
responses. We hypothesized that inhibition of ADA would result in lymphocyte-specific
depletion. Our results show a significant reduction in both T and B cells within the effector
(colon) and inductive (draining MLN) sites (Fig. 3A,B). The data show 0.75 mg/kg/d of
pentostatin reduced T and B cell expansion. However, in no case were numbers reduced to
levels below those detected in control (uninflamed) mice. IL-10~/~ colitis is mediated
through secretion of Thl cytokines (e.g., IL-1B, IFN-y, TNF, IL-6) and chemokine (e.g.,
CXCL10).34 Data in Figure 4 show that pentostatin treatment reduced mRNA levels of Thi
cytokine and chemokine levels in colon (Fig. 4A) and MLN (Fig. 4B), while preserving
induction of mMRNA elevated in regulatory responses (TGF-B, FoxP3). Reductions were
especially pronounced for cytokines made by M1 macrophages (>80% reduction in IL-6 and
IL-1pB). These findings were consistent with the notion that pentostatin imparted
antiinflammatory effects independent of blunted lymphocyte expansion.

To directly examine whether antiinflammatory effects of ADA inhibition were evident prior
to lymphodepletion, mucosal T cell functional responses were assessed prior to lymphocyte
expansion. We previously observed that in WT B6 mice the earliest sign of mucosal T cell
expansion (BrDU incorporation) after anti-CD3 mAb injection was detected at 18 hours.3®
Thus, cytokine mRNA was measured 3 hours after anti-CD3 mAb to permit measurement of
function prior to changes in T cell numbers. Administration of pentostatin 1 hour prior to
anti-CD3 mADb failed to alter splenic, MLN, or colonic lymphocyte yields 3 hours after anti-
CD3 mAb injection (data not shown). By comparison, pentostatin significantly reduced both
TNF and IL-1B mRNA inductions (p < 0.05) without affecting significant changes in other
cytokine or chemokine mRNA noted (Fig. 5). Taken together, these results support the
hypothesis that pentostatin inhibited cytokine synthesis in colitis.

ADA Inhibition Results in Reduced Lymphocyte Activity In Vitro

To further examine the independent effect of ADA inhibition on T cell function, CD4+ T
cells were purified (>98% purity) from MLN of control and pentostatin-treated colitic mice.
Equivalent numbers of CD4+ T cells were activated with anti-CD3 and anti-CD28 mAbs.

Inflamm Bowel Dis. Author manuscript; available in PMC 2011 March 29.
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IFN-y levels were measured in the supernatant after 36 hours. The results (Fig. 6) show that
activated CD4+ T cells from pentostatin-treated IL-10~/~ mice produced >50% less cytokine
compared to untreated colitic IL-10~~ mice. Thus, pentostatin impaired functional
responses of Teg populations in colitis.

ADA Inhibition Reduces Effector Cell Responses While Sparing Regulatory Responses: A
Possible Mechanism for Reestablishing Imnmune Homeostasis

To examine whether pentostatin differentially affected Tegr versus Treg lymphocyte
populations, colonic surface phenotype and cell numbers were assessed in colonic lamina
propria. Data in Figure 7A,B show that pentostatin reduced increases in numbers of
activated CD4+ T cells (CD69+, CD4+) by >60%. By comparison, numbers of naive and/or
regulatory CD4+ T-cell populations bearing CD62L were unaffected by pentostatin (Fig.
7C,D). No consistent changes in intracellular FoxP3-stained cells were detected in multiple
experiments (data not shown). As CD62L has recently been shown to be expressed on
peripheral Teg populations,37-39 we consider these data to be consistent with the notion that
Treg POpulations are relatively spared by pentostatin treatment in colitis. Further studies will
need to be performed as reliable reagents in the intestine are made available. These results
were consistent with other supportive data in Figure 4 indicating that despite a drop in nearly
all effector cytokines, TGF-B and FoxP3 mRNA levels were either unaffected or increased.
Taken together, the data are consistent with the notion that pentostatin targets rapidly
proliferating Tess populations while sparing Tyeq cells that proliferate at lower rates. Thus, by
default, pentostatin may enhance the capacity of Tyeq cells to reestablish mucosal dominance
over highly proliferative activated Te¢s cells that have greater dependence on ADA for
accelerated DNA synthesis.

DISCUSSION

The goal of treatment in severe acute IBD is to induce remission before embarking on
maintenance programs. In clinically severe patients, regimens include agents that impart
profound systemic immunosuppression (e.g., steroids, methotrexate). Agents proposed in
UC that specifically target T-cell populations with anti-CD3 mAb induce transient severe
lymphopenia,*%-41 which may enhance risks for PTLD-like responses or infection. Although
newer immunomodulatory agents target key cytokine pathways (e.g., TNF), their clinical
use is compromised by anti-idiotype responses to mAbs, thus frequently necessitating
concomitant use of a second immunosuppressant.*2 Newer approaches aim to alter the
balance of T-cell functional subsets by decreasing effector cells and enhancing regulatory
cell numbers and responses (e.g., through use of probiotic or helminthic therapies).#345 In
the current study, we took advantage of differences in Tegs and Treg proliferative rates. As
Tess cells expand at higher rates compared to Tyeq subsets, we hypothesized that treatment
with pentostatin would preferentially reduce T cell numbers in colitic mice while sparing
Treg cells. In support of this notion, pentostatin imparted potent antiinflammatory effects that
paralleled reductions in colitis-induced T-cell expansion. The argument that this effect was
related to changes in Tgg populations was supported by data in Figure 7, where numbers of
colitis-induced CD69+ T cells were reduced by >60%. The reduction in CD69+ cells
occurred in mice where CD62L+ cell numbers increased slightly. The preferential reduction
in Tesf cell responses was supported by decreases in IFN-y and TNF with concomitant
reduction in macrophage-related IL-1p and IL-6 (Fig. 4). Reductions in effector cell
cytokine mRNA occurred in mice where mRNA levels for FoxP3 and TGF-3 were either
unchanged or slightly increased. Thus, the data presented are consistent with the notion that
targeting rapidly expanding populations of Teg cells while sparing Tyeq cells provides a
novel strategy for inducing remission in patients with severe colitis. The striking reversal of
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severe transmural colitis with pentostatin suggests that it will have utility in more severe
patients, where clinical trials tend to be more successful due to lower placebo rates.

Compared to other immunomodulators that induce lymphodepletion or biologic therapies
that target individual pathways, ADA inhibition presents a bimodal therapy. In addition to
its lymphodepleting effect on rapidly proliferating cells, ADA inhibition results in the
accumulation of adenosine, which has potent anti-inflammatory properties. This second
therapeutic arm could facilitate using a lower, less myeloablative dose of pentostatin. In the
current study we proposed that pentostatin would have an independent anti-inflammatory
effect on IL-10~/~ colitis in addition to its lymphodepleting effect. When colonic tissue
mMRNA were analyzed, a disproportionately exaggerated reduction in macrophage versus T-
cell-derived cytokine mRNA was observed. Specifically, IL-1p, IL-6, and TNF were
significantly reduced. This is consistent with adenosine’s described suppressive effect on
IL-1p and TNF in a septic model of inflammation,*® as well as adenosine-induced reduction
of LPS-induced TNF secretion from human monocytes and mouse macrophages.2%47
Adenosine receptor agonism has also been demonstrated to impair secretion of IL-6 and
TNF in DSS-induced colitis3! and attenuate experimental diabetic nephropathy partly
though reducing TNF secretion.20 To further explore the effect of pentostatin independent of
its lymphodepletion, we analyzed cytokine mRNA prior to lymphodepletion. The goal of
this study was to assess the functional effect pentostatin had on anti-CD3 mAb-induced T-
cell-mediated immune cell activation. Even without lymphodepletion, we noted a significant
reduction in IL-1p and TNF mRNA, consistent with the notion that pentostatin has an
independent anti-inflammatory effect on T cell-mediated inflammation. Finally, we assessed
equal numbers of in vitro stimulated CD4+ T cells isolated from colitic IL-10~/~ mice
previously treated with PBS (control) or pentostatin. Again, a significant reduction in
proinflammatory cytokine (IFN-y) production was seen, with equal numbers of cells
stimulated. Thus, by focusing on functional responses that occur prior to lymphodepletion,
we tested the notion that pentostatin has a more broad anti-inflammatory effect in
autoimmune disease. Although this may be related to adenosine (a topic beyond the scope of
the current study), we suspect that the combined impact of limiting effector cell expansion
and impairing inflammatory cytokine production (from adaptive and innate immune cells)
may explain the pronounced and rapid effects observed in severely inflamed IL-107~ mice.

Therefore, we propose that ADA inhibition may provide a novel target for therapy in IBD.
The effects take advantage of the differential proliferative rates of Tess and Treq cells, as
noted by several other investigators.*849 As IBD tends to have a rapid onset characterized
by clinically severe (occasionally lethal) complications, the need for a rapidly acting, yet
safe agent is real. Although anti-TNF mAb has revolutionized the treatment of IBD, it has
limited usefulness in clinically severe patients where needed results are measured in days
and not weeks. We propose that pentostatin will offer clinicians another tool in their arsenal
of agents to use in patients facing the prospect of life-altering surgery. Safety concerns will
need to be explored further but the history of this agent has created a number of experienced
clinicians with vast experience and the ability to guide those of us in search for another
choice for patients facing decisions with severe implications on quality of life.
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FIGURE 1.

Dose-dependent lymphodepletion. WT B6 mice were treated with PBS control (black), 0.4
mg/kg/day (gray), 1 mg/kg/every other day (striped), 1 mg/kg/day (dotted), and 5 mg/kg/day
(checkered) pentostatin over 7 days. Cells from spleens (A) and mesenteric lymph nodes (B)
were isolated and enumerated, and lymphocyte subset yields were determined by flow
cytometry. Data shown are means + SEM (n = 3).

Inflamm Bowel Dis. Author manuscript; available in PMC 2011 March 29.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Brown et al.

Page 12

FIGURE 2.

Pentostatin reduces histologic inflammation and systemic inflammatory responses in
established colitis. (A) Representative histology of an uninflamed IL-10~~ mouse
maintained in pathogen-free housing prior to the initiation of piroxicam protocol. 1L-107/~
mice were transferred to conventional housing for 1 week, fed piroxicam for 14 days, then
treated with PBS (B) or 0.75 mg/kg/day pentostatin (C) from day 16-23. Note epithelial
ulceration, transmural inflammation, and crypt hyperplasia in colitic (PBS-treated) mice.
H&E staining, 10%. (D) Histologic assessment of inflammation scores. (E) Serum Amyloid
A (SAA) protein was measured by ELISA prior to piroxicam (baseline) and at the time of
sacrifice (day 24) in colitic (PBS-treated) and pentostatin-treated mice. Data represented as
mean + SEM.
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FIGURE 3.

Pentostatin treatment reduces lymphocyte subset yields. (A) Colon lamina propria and (B)
MLN cells were isolated and numerated at day 24. Lymphocyte subset yields were
determined by flow cytometry at baseline (gray bars), day 24 colitic (PBS-treated) I1L-10~/~
mice (black bars), and day 24 pentostatin treated colitic mice (striped bar). Data represented
as mean + SEM.
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FIGURE 4.

Effect of pentostatin on expression of proinflammatory and regulatory mRNA in IL-107/~
mice. Real-time PCR analysis was done on colon and MLN. Tissues were obtained from
colitic 1L-10~/~ mice treated for 7 days as control (PBS) versus pentostatin. Data
represented as mean + SEM.
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FIGURE 5.

Pentostatin impairs proinflammatory cytokine transcription after T-cell activation. Wildtype
B6 mice were treated with either PBS (black bars) or 1 mg/kg pentostatin (open bars) 1 hour
prior to systemic activation of T cells with 200 pg intra-peritoneal anti-CD3 mAb. Colons
were removed 3 hours after anti-CD3 mAb administration. Real-time PCR analysis was
done on colonic RNA to determine proinflammatory cytokine mRNA.
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FIGURE 6.

Effect of pentostatin on expression of effector cytokine in cells stimulated in vitro with anti-
CD3 mAb and anti-CD28 mAb. MLNs were isolated from colitic IL-10~/~ mice after 7 days
of treatment with PBS (control) or pentostatin. Equal amounts of freshly isolated CD4+ T
cells (1 x 106 cells) were stimulated in vitro. After 36 hours, supernatants were collected
and expression of IFN-y protein analyzed by ELISA. Data represented as mean + SEM.
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FIGURE 7.

Lymphodepletion from pentostatin targets rapidly proliferating effector T cells in IL-10~/~
colitis. Colon LP cells were isolated from baseline, uninflamed mice (light line, gray bar),
colitic 1L-10~/~ mice at day 24 (dark line, black box), and colitic 1L-10~/~ mice treated with
7 days of pentostatin (medium line, striped box) and stained with anti-Thy1.2 mAb-APC and
anti-CD4 mAb-PE (for gating), and anti-CD69 mAb-FITC to identify the distribution of
proliferating effector CD4+ T cells or stained with anti-Thy 1.2 mAb-APC and anti-CD4
mADb-FITC (for gating), and anti-CD62L mAb-PE to identify naive/resting/regulatory CD4+
T cells. Yields of CD4+ T cells are indicated for each group. Data represented as mean +
SEM.
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