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Abstract
Sotraustaurin (STN), a small molecule, targeted PKC inhibitor that prevents T lymphocyte
activation via a calcineurin-independent pathway, is currently tested in Phase II renal and liver
transplantation clinical trials. We have documented the key role of activated T cells in the
inflammation cascade leading to liver ischemia/reperfusion injury (IRI). This study explores
putative cytoprotective functions of STN in a clinically relevant rat model of hepatic cold
ischemia followed by orthotopic liver transplantation (OLT). Livers from SD rats were stored for
30h at 4° in UW solution, and then transplanted to syngeneic recipients. STN treatment of liver
donors/recipients or recipients only prolonged OLT survival to >90% (vs. 40% in controls),
decreased hepatocellular damage, and improved histological features of IRI. STN treatment
decreased activation of T cells, and diminished macrophage/neutrophil accumulation in OLTs.
These beneficial effects were accompanied by diminished apoptosis, NF-κB/ERK signaling,
depressed pro-apoptotic cleaved caspase-3, yet upregulated anti-apoptotic Bcl-2/Bcl-xl and
hepatic cell proliferation. In vitro, STN decreased PKCθ/IκBα activation and IL-2/IFN-γ
production in ConA-stimulated spleen T cells, and diminished TNF-α/IL-1β in macrophage-T cell
co-cultures. This study documents positive effects of STN on liver IRI in OLT rat model that may
translate as an additional benefit of STN in clinical liver transplantation.
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Introduction
Sotraustaurin (STN; AEB071), a novel molecular weight synthetic immunosuppressant, is a
targeted pan-protein kinase C (PKC) inhibitor that prevents early T cell activation via a
calcineurin-independent pathway (1,2). Treatment with STN as monotherapy or adjunct to
other immunosuppressive agents prolonged cardiac and renal allograft survival in rats and
non-human primates (3–5). Both preclinical safety and tolerability studies did not reveal
major adverse effects. STN oral dosing regimen was well tolerated and highly effective in
patients with psoriasis (6). Currently, there are several ongoing Phase II randomized multi-
center clinical trials analyzing effects of STN in renal and liver transplant patients (7,8).
Based on the efficacy data from autoimmune disease (9), allotransplant preclinical models
(3–5), and the safety profiles from Phase I clinical studies, STN, the first oral PKC inhibitor,
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represents a promising new immunosuppressive agent with a distinct mechanism of action
that differs from currently approved immunosuppressive agents in organ transplantation.

Ischemia/reperfusion injury (IRI), an exogenous Ag-independent component of the organ
“harvesting” insult, remains a significant clinical problem causing early as well as late
transplant failure (10). Despite improved preservation and surgical techniques, IRI often
leads to primary graft non-function, predisposes to chronic rejection, and contributes to the
acute donor organ shortage. We have long been interested in dissecting mechanisms of IR-
induced hepatocellular damage in liver IRI models. Although triggered by activation of
IRF-3-dependent, MyD88-independent pathway downstream of TLR4 (11), recent data
suggest an important contribution of adaptive T cell mechanism in liver IRI (12). Having
shown the resistance of CD4 T cell-deficient mice to IRI, we have provided evidence that
alloreactive CD4 T cells are capable of enhancing tissue inflammation/injury via CD154-
dependent mechanism (13). In agreement with the emerging role of early T cell activation,
we have documented the requirement for T cell-dependent TIM-1 pathway in the
mechanism of liver IRI (14),

This study was designed to evaluate the potential benefit of STN against liver IRI in a
clinically relevant rat model of extended (30h) hepatic cold ischemia followed by orthotopic
liver transplantation (OLT). To focus on putative STN-mediated cytoprotection due to
depressed T cell activation after PKC inhibition, and to exclude Ag-driven “rejection”
response, these experiments were performed in syngeneic OLT recipients.

Materials and Methods
Animals

Male Sprague-Dawley (SD) rats (230–250g; Harlan Sprague-Dawley, Inc., San Diego, CA)
were used throughout. Animals were housed in UCLA animal facility under specific
pathogen-free conditions, and received humane care according to the criteria outlined in the
“Guide for the Care and Use of Laboratory Animals” (NIH publication 86-23 revised 1985).

IRI/OLT model and STN treatment
Livers from SD rats were stored at 4C in UW solution for 30h, and then transplanted to SD
rats with revascularization (15). STN (30mg/kg b.i.d. via oral gavage) was used (3) in two
treatment protocols. In Gr. I (n=10), liver STN was given to liver donors (90min prior to
organ harvest) and OLT recipients (90min prior to the transplant, and for three days post-
OLT). In Gr. II (n=6), STN was administered to OLT recipients only (according to Gr. I
protocol). Gr. III controls were treated with PBS (n=10). OLT survival was assessed at day
14. Separate cohorts in Gr. I (n=3–4/gr) were sacrificed at 6h and 24h; OLT and peripheral
blood samples were collected for analyses.

Hepatocellular function
Serum alanine transaminase (sALT) levels were measured in blood samples with an
autoanalyzer (IDEXX Laboratories, Sacramento, CA).

OLT histology and immunohistochemistry
OLT samples (5-μm) were stained with hematoxylin and eosin (H&E). Histological severity
of IRI in was graded blindly using Suzuki’s classification (15) in which sinusoidal
congestion, hepatocyte necrosis and ballooning degeneration are graded from 0 to 4. No
necrosis, congestion/centrilobular ballooning is given a score of 0, while severe congestion
and >60% lobular necrosis is given a value of 4.
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For immunohiostochemical staining, primary mAb against rat CD3 (G4.18; BD
Pharmingen), or rat CD68 (ED1; Millipore, Temecula, CA) were used on OLT sections. The
secondary, biotinylated goat anti-mouse IgG (Vector, Burlingame, CA) was incubated with
immunoperoxidase (ABC Kit, Vector). Positive cells were counted blindly in 10 HPF/
section (×400).

Evaluation of hepatocyte proliferation
OLT recipients were treated with 5-Bromo-2′-deoxyuridine (100mg/kg b.w. i.p.; Sigma-
Aldrich Corp., St. Louis, MO) 1h prior to sacrifice. Liver cell proliferation was assessed
using monoclonal anti-BrdU Ab (Sigma). We counted the number of BrdU-positive nuclei
per 1000 hepatocytes to calculate the BrdU labeling index.

Myeloperoxidase assay
The presence of myeloperoxidase (MPO) was used as an index of neutrophil accumulation
in the liver (14). The change in absorbance was measured spectrophotometrically at 655nm
(Bio-tek Instruments, Winooski, VT). One unit of MPO activity (U/g) was defined as the
quantity of enzyme degrading 1μmol peroxide per minute at 25°C per gram of tissue.

Quantitative RT-PCR
Quantitative RT-PCR was performed using DNA Engine with Chromo 4 Detector (MJ
Research, Waltham, MA) (14). Primer sequences for the amplification of IL-2, IFN-γ,
CD25, TNF-α, IL-1β, CXCL-10, MCP-1 and β-actin are shown (Supplemental Table).
Target gene expressions were calculated by their ratios to the housekeeping β-actin gene.

Detection of apoptosis
Apoptosis in OLT paraffin sections was detected by TUNEL method (FragEL DNA
Fragmentation Detection kit; Calbiochem, Gibbstown, NJ) (14). Negative control was
prepared through omission of terminal transferase. Positive controls were generated by
treatment with DNase. TUNEL-positive cells were counted in 10 HPF/section (×400).

Western blots
Western blot analysis was performed using cell extracts/OLT proteins (30μg/sample) and
polyclonal rabbit anti-rat cleaved caspase-3, ERK1/2, Bcl-2, Bcl-xL, phospho-PKCθ,
phospho-IκBα (Cell Signaling Technology, Danvers, MA), NF-κB and β-actin (Santa Cruz
Biotechnology, Santa Cruz, CA) (14). Relative quantities of protein were determined by
densitometer and expressed in absorbance units (AU).

Cell isolations and in vitro cultures/co-cultures
Rat T spleen cells and bone marrow derived-macrophages were isolated and cultured (14).
Spleen T cells were incubated for 24–72h with ConA (5μg/mL; Sigma) with or without STN
(10nM). Macrophages were co-cultured with T cells (responder/stimulator ratios 1:5) for
24–72h with ConA (5μg/mL), supplemented with or without STN (10nM). IL-2 mRNA
expression was analyzed by qRT-PCR. Cell-free supernatants were measured for IFN-γ and
TNF-α/IL-1β levels by ELISA (eBioscience, San Diego, CA). Standard curves were
performed with serial two-fold dilutions; the optical density (OD) was measured with an
ELISA reader.
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Statistical analysis
All data are expressed as Mean±Standard Deviation (SD) Animal survival was evaluated by
Kaplan-Meier method and log-rank test. Data were analyzed with Student-t test for unpaired
data. The p-value of <0.05 was considered statistically significant.

Results
STN ameliorates liver IRI and improves OLT function

To assess the effects of STN against liver IRI, we used SD rat model of 30h hepatic cold
ischemia followed by syngeneic OLT. As shown in Fig. 1A, STN treatment of liver donors
and OLT recipients (Gr. I) or of OLT recipients alone (Gr. II) prolonged animal survival, as
9 out of 10 rats in Gr. I, and 6 out of 6 rats in Gr. II survived >14 days. In contrast, only 4
out of 10 control OLT recipients remained alive at day 14 (p<0.01). In parallel, we serially
analyzed the hepatocellular function in OLT recipients (Fig. 1B). STN decreased sALT
levels (IU/L), as compared with controls ([6h]: 758±92 vs. 1296±56; p<0.0005, [24h]:
385±156 vs. 1322±359; p<0.005). These data correlated with Suzuki’s histological grading
of hepatic IRI, as STN treatment resulted in minimal sinusoidal congestion/vacuolization
without necrosis in OLTs (Fig. 1C; 6h: 1.17±0.41; 24h: 0.83±0.41). In contrast, control
OLTs revealed moderate-severe edema and extensive hepatocellular necrosis (Fig. 1C; 6h:
3.5±0.55; p<0.005; 24h: 3.17±0.75, p<0.005). The MPO assay, reflecting intrahepatic
neutrophil activity (U/g), was markedly suppressed in STN group, compared with controls
(Fig. 1D; 6h: 1.33±0.03 vs. 3.85±0.33, p<0.01; 24h: 0.89±0.03 vs. 3.90±0.5, p<0.05).

STN reduces T cell and macrophage traffic to OLTs
We performed immunohistochemical staining of CD3 and CD68 cells that migrated to
OLTs. As shown in Fig. 2A, STN treatment decreased (p<0.0001) the number of CD3+ T
cells/HPF in OLTs, compared with controls (6h: 8.6±1.71 vs. 19.6±3.5; 24h: 5.1±1.2 vs.
14.5±3.72). Similarly, the number of CD68+ macrophages/HPF in OLTs was reduced
(p<0.0001) after STN treatment, compared with controls (Fig. 2B; 6 h: 3.3±1.16 vs.
9.3±2.26; 24 h: 1.9±0.57 vs. 6.8±1.75).

STN reduces T cell and innate cytokine/chemokine programs in OLTs
We used qRT-PCR to analyze OLT expression of T cell cytokines (IFN-γ, IL-2), IL-2
receptor α-chain (CD25), and innate inflammatory mediators (TNF-α, IL-1β, CXCL-10,
MCP-1). As shown in Fig. 3, STN decreased hepatic expression of mRNA levels coding for
IFN-γ (6h/24h: p<0.05/p<0.005), IL-2 (6h/24h: p<0.005/p<0.005), CD25 (6h/24h: p<0.05/
p<0.05), TNF-α (6h/24h: p<0.005/p<0.05), IL-1β (6h/24h: p<0.005/p<0.005), MCP-1 (6h/
24h: p<0.05/p<0.05), and CXCL-10 (6h/24h: p<0.05/p<0.005), compared with controls.

STN promotes anti-apoptotic function and depresses NF-κB/ERK signaling in OLTs
To determine whether STN affected apoptosis pathway, we performed TUNEL staining in
OLTs. The number of TUNEL+ cells/HPF decreased (p<0.0001) in STN-treated OLTs,
compared with controls (Fig. 4A; 6h: 4.8±1.14 vs. 26.6±6.42; 24h: 3.5±1.08 vs. 14.1±3.11).
We assessed the expression of anti-apoptotic and pro-apoptotic gene products by Western
blots. The relative expression levels in absorbance units (AU) were analyzed by
densitometry. Figure 4C shows that although STN depressed expression of cleaved
caspase-3 (6h: 0.2–0.5 vs. 1.7–1.9 in controls; 24h: 0.1–0.2 vs. 1.2–1.4 in controls), it
enhanced Bcl-2/Bcl-xl (6h: 2.4–2.6 and 2.2–2.4 vs. 0.05–0.2; 24h: 1.5–1.7 and 1.8–2.0 vs.
0.05–0.3). Moreover, unlike in controls, the expression of NF-κB/ERK in OLTs decreased
markedly after STN (6h: 0.2–0.3 and 0.01–0.05 vs. 1.4–1.6 and 3.2–3.4 in controls; 24h:
0.9–1.1 and 0.1–0.3 vs. 3.6–3.8 and 1.6–1.8 in controls).
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STN increases hepatocyte proliferation in OLTs
We performed BrdU staining in untreated and STN treated OLTs. As shown in Figure 4B,
no differences were noted in BrdU labeling index (<0.2%) between both transplant groups at
6h post-OLT. However, by 24h, the index in STN group significantly increased as compared
with control OLTs (1.73±0.72% and 0.77±0.62%, respectively; p<0.01).

STN depresses T cell activation and modulates T cell macrophage cross talk in vitro
We next investigated the effects of STN in well-controlled in vitro culture systems that
mimic liver IRI (21). Addition of STN into ConA-stimulated T cells, consistently depressed
Western blot-detected activation of PKCθ/IκBα, compared with controls (AU; Fig. 5A;
24h: 0.5–0.7/1.0–1.2 vs. 2.0–2.2/2.1–2.3; 48h: 1.0–1.2/1.0–1.2 vs. 2.6–2.8/2.1–2.3; 72h:
0.4–0.6/0.3–0.5 vs. 1.8–2.0/1.9–2.2). Furthermore, STN significantly reduced (p<0.005)
ConA-induced mRNA levels coding for IL-2 (Fig. 5B) and the production (pg/ml) of IFN-γ
by spleen T cells, compared with controls (Fig. 5C). Interestingly, in a macrophage - T cell
co-culture (24–72h), STN decreased ConA-induced production (pg/ml) of TNF-α and
IL-1β, the key macrophage-derived mediators of liver IRI (Fig. 5D/E). In contrast, although
STN depressed TNF-α/IL-1β in spleen T-cell cultures, it did not affect macrophage cultures
devoid of T cells.

Discussion
This is the first study to investigate the cytoprotective function and putative mechanisms by
which STN, a novel targeted pan-PKC inhibitor, may reduce the impact of organ IRI in a
clinically relevant rat model of extended (30h) liver cold ischemia followed by OLT. Our
results show that an oral STN regimen, which effectively blocked PKC signaling, prolonged
OLT survival (>90% vs. 40% in controls), decreased sALT levels, and depressed local T
cell, macrophage and neutrophil OLT sequestration. Moreover, STN depressed the
expression of pathogenic T cell/innate pro-inflammatory mediators, reduced hepatocellular
apoptosis, and inhibited cleaved caspase-3, and NF-κB/ERK activation, yet upregulated
anti-apoptotic Bcl-2/Bcl-xL in OLTs. Our in vitro studies confirmed the efficacy of STN to
prevent T cell activation in ConA-stimulated spleen T cell cultures, and most interestingly,
to interrupt T cell – macrophage cross talk in the co-culture system. Collectively, our
findings document the previously unrecognized STN potential to mitigate organ damage due
to prolonged cold ischemia in transplant recipients.

The PKC family, consisting of at least ten distinct serine threonine protein kinases, plays a
central role in the adaptive immunity (16). Based on the phenotype and biochemical profiles,
PKCα/θ isoforms were found to be selectively expressed and to exert non-redundant
functions in CD3+ T lymphocytes. PKCθ, the only isotype recruited to the immunological
synapse upon T cell engagement, controls the development of Th2/Th17 cells, and by
regulating NF-κB/AP-1 during TCR/CD28 co-stimulation, it is critical in the inflammation
response. On the other hand, PKCα is essential for IFNγ expression and Th1 immunity.
Here, we show that STN, a specific inhibitor of early T cell activation, which effectively
inhibits primarily α, β, and θ PKC isoforms (1), ameliorated liver transplant damage due to
cold IRI by preventing early local T cell sequestration and activation in OLTs. Our findings
are in agreement with the efficacy of STN to mitigate post-transplant preservation injury in
rat renal transplants (Chaykovska, et al. TTS abstract, Vancouver 2010). Some PKC
isoforms (e.g., delta) regulate cardiac IRI by inducing myocardial apoptosis/oncosis during
reperfusion (17). Thus, it is plausible STN may exert its protective effects by inhibiting one
or more PKC isoforms of liver parenchymal cells. Moreover, based on the data from other
organ IRI systems (18, 19), PKC-deficiency should be equally or even more protective as its
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exogenous blockade. However, an obvious technical limitation of liver transplantation in
mice needs to be taken into account.

Key advantages of STN are its oral formulation, and favorable pharmacokinetics, with peak
blood concentrations at 2–3h, and half-life of about 6h in humans (8). In our “proof of
concept” rat study, two short-term STN regimens of donor/recipient or recipient only
treatment (30mg/kg b.i.d) resulted in >90% animal survival (vs. 40% in controls). The
hepatocellular function and liver histology confirmed the efficacy of STN to prevent organ
damage in this stringent rat model of extended (30h) liver cold ischemia followed by
syngeneic OLT.

The early phase of liver IRI at 1–6h of reperfusion in mouse or rat models is characterized
by increased T lymphocyte and Kupffer cell influx/activation, whereas the later phase, at
18–24h, involves local neutrophil sequestration (10). Our findings of diminished liver CD3
T cell infiltration/activation after STN, evidenced by OLT histology and PCR-assisted
detection of cytokine programs is consistent with the idea that T cell activation is required
for IR-induced liver inflammation. In addition, activated Kupffer cells produce panels of
pro-inflammatory TNF-α and IL-1 that promote NF-κB activation, MCP-1, and CXCL-10,
thereby further enhancing local recruitment of activated T cells at the inflammation site.
Thus, STN-mediated inhibition of PKC and its downstream transcription factor NF-κB
confer cytoprotection in IR-induced inflammatory response.

Neutrophils are important liver IRI mediators that contribute to local inflammation, resulting
in the hepatocellular damage (10). STN treatment decreased otherwise consistently
increased neutrophil activation in control OLTs. The reduced MPO activity levels may be
secondary to the inhibition of T cells, resulting in less inflammatory cytokines and
chemokines in OLTs of the treated animals. Moreover, the known STN-mediated
impairment of β2-integrin mediated adhesion (1) may also depress hepatic neutrophil
sequestration. The latter, however, can be addressed in the mouse rather than rat liver IRI
model.

The ultimate fate of ischemic OLTs depends on the balance between local cell apoptosis and
proliferation (10). Extracellular signal-regulated protein kinases (ERKs) of the mitogen-
activated protein kinase (MAPKs) superfamily, are involved in cell survival mechanism,
whereas inactivation of ERK reduces tissue damage by inhibiting local apoptosis (20).
Though the mechanism of ERK-mediated apoptosis remains unclear, increasing TNF-α
production and caspase-3 activity may trigger ERK-mediated apoptosis (21). STN
downregulated ERK phosphorylation and cleaved caspase-3, with simultaneous
enhancement of anti-apoptotic Bcl-2/Bcl-xL. This data was supported by decreased
TUNEL-assisted hepatocellular apoptosis in the treated OLTs, consistent with the ability of
TCL1 oncoprotein to impair ERK and inhibit activation-induced cell death (AICD) in the
tumor cell line (22). As a sign of early OLT healing, STN-mediated protection against liver
cell apoptosis was accompanied by enhanced hepatic cell proliferation by 24 of
transplantation. As our findings may reflect a reduced pro-inflammatory activation in the
tissue subsequent to local T cell inhibition, further studies are needed to elucidate exact
mechanisms of STN cytoprotection.

To investigate how STN treatment may affect T cell - macrophage cross talk in triggering
inflammation response, we used in vitro cell culture system that mimics, to a certain extent,
liver IRI (14). First, consistent with our in vivo data, we confirmed that STN blocked ConA-
stimulated T lymphocyte activation, evidenced by depressed phospho-PKCθ, and IL-2/IFN-
γ levels. By using rat T cell – bone marrow-derived macrophage co-culture, we then found
that STN significantly decreased production of TNF-α and IL-1β, the key macrophage-
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derived mediators of liver IRI. No significant changes in TNF-α/IL-1β were detected in
STN-treated macrophage cultures devoid of T cells. Thus, our findings provide evidence for
the critical role of STN upon T cell activation, to mitigate local inflammation and
subsequent macrophage activation.

In conclusion, this study complements the ongoing clinical renal and liver transplantation
trials, and is the first to document the previously unrecognized efficacy of STN, a targeted
PKC inhibitor, to ameliorate IR organ damage, and to promote cytoprotection in a clinically
relevant model of rat extended liver cold preservation followed by transplantation.

Table: Primer sequences for the amplification of IFN-γ, IL-2, CD25, TNF-α, IL-1β,
CXCL-10, MCP-1 and β-actin.
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Abbreviations

IRI ischemia/reperfusion injury

MPO myeloperoxidase

OLT orthotopic liver transplantation

sALT serum alanine aminotransferase

ERK extracellular signal-regulated protein kinase

PKC protein kinase C

STN Sotraustaurin

TUNEL terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling
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Figure 1. STN prolongs rat OLT survival, improves hepatocellular function, and ameliorates
liver IRI
(A) OLT survival. Donor SD rat livers were stored at 4 °C in UW solution for 30h prior to
transplantation to syngeneic rats. Treatment with STN of liver donors (day -1) plus OLT
recipients (day 0–3); or OLT recipients only (day 0–3), prolonged animal survival to 90%
(9/10) and 100% (6/6), respectively. Forty percent of PBS-treated controls (4/10) remained
alive at day 14 post-OLT (p<0.01).
(B) Hepatocellular function in OLT recipients. STN treatment decreased sALT levels,
compared with controls. *p<0.0005, **p<0.005; n=3–4/group. Mean±SD are shown.
(C) Representative liver histology at 6h (a, b) and 24h (c, d) post-OLT. (a & c) control OLTs
with severe liver damage and hepatocellular necrosis (Suzuki’s score: 6h = 3.5±0.55; 24h =
3.17±0.75). (b & d) – STN-treated OLTs with well-preserved tissue architecture (Suzuki’s
score: 6h = 1.17±0.41; 24h = 0.83±0.41). H&E staining; magnification ×100, n=3–4/group.
(D) Neutrophil activity in OLTs. Suppressed MPO activity in STN group, compared with
controls. *p<0.01, **p<0.05. n=3–4/group. Mean±SD are shown.
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Figure 2. Immunohistochemical staining for CD3 and CD68 in rat OLTs
Left panels: Representative OLTs stained for CD3 (A) and CD68 (B) expression
(magnification ×400).
Right panels: Cell quantification/HPF. Decreased T cell and macrophage sequestration in
OLTs after STN, compared with controls. *p<0.0001, n=3–4/group.
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Figure 3. Quantitative RT-PCR-assisted detection of CD25; cytokines (IFN-γ, IL-2, TNF-α,
IL-1β); and chemokines (CXCL-10, MCP-1) in OLTs. Data were normalized to β-actin gene
expression. *p<0.05, **p<0.005, n=3–4/group. Mean±SD are shown

Kamo et al. Page 11

Am J Transplant. Author manuscript; available in PMC 2013 April 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4. STN ameliorates apoptosis, depresses NF-κB/ERK signaling and promotes anti-
apoptotic function
(A) TUNEL-assisted detection of apoptosis in OLTs. Left panel: Representative staining of
apoptotic positive cells (magnification ×400). Right panel: Quantification of apoptotic cells /
HPF in STN-treated vs. control OLTs. *p<0.0001, n=3–4/group.
(B) Immunohistochemical staining of liver cell proliferation using the BrdU method.
Brown-stained nuclei represent actively proliferating hepatocytes. Representative of n=2/
group.
(C) Western blot-assisted analysis of phospho-Erk, NF-κB, cleaved caspase-3, Bcl-2, and
Bcl-xl in OLTs. β-actin was used as an internal control. Representative of n=3–4/group.
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Figure 5. STN depresses T cell activation in rat in vitro T cell cultures
(A) Western blot-assisted phospho-PKCθ and phospho-IκBα expression in ConA-
stimulated T cells. Representative of n=3.
(B) Quantitative RT-PCR-assisted detection of IL-2 in Con A-stimulated T cells. *p<0.005,
**p<0.001, n=3/group.
(C) IFN-γ production in Con A-stimulated T cells. *p<0.005, n=3/group.
(D–E) TNF-α and IL-1β production in Con A-stimulated T cell - macrophages co-cultures.
STN suppressed TNF-α/IL-1β levels. *p<0.05, **p<0.005, n=3/group. No effect of STN on
TNF-α/IL-1β in macrophage cultures devoid of T cells.
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