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Abstract

Ischemia-reperfusion injury (IRI), an innate immunity-driven local inflammation, remains the
major problem in clinical organ transplantation. T cell immunoglobulin and mucin domain
(TIM-3) — Galectin-9 (Gal-9) signaling regulates CD4+ Th1l immune responses. Here, we
explored TIM-3 — Gal-9 function in a clinically relevant murine model of hepatic cold storage and
orthotopic liver transplantation (OLT). C57BL/6 livers, preserved for 20h at 4°C in UW solution,
were transplanted to syngeneic mouse recipients. Up-regulation of TIM-3 on OLT-infiltrating
activated CD4+ T cells was observed in the early IRI phase (1h). By 6h of reperfusion, OLTs in
recipients treated with a blocking anti-TIM-3 Ab were characterized by: 1/ enhanced
hepatocellular damage (SALT levels, liver Suzuki's histological score); 2/ polarized cell infiltrate
towards Th1/Th17-type phenotype; 3/ depressed T cell exhaustion markers (PD-1, LAG3); and 4/
elevated neutrophil and macrophage infiltration/activation. In parallel studies, adoptive transfer of
CDA4+ T cells from naive WT, but not from TIM-3 Tg donors, readily recreated OLT damage in
otherwise IR-resistant RAG ™~ test recipients. Furthermore, pre-treatment of mice with rGal-9
promoted hepatoprotection against preservation-association liver damage, accompanied by
enhanced TIM-3 expression in OLTs. Thus, CD4+ T cell-dependent “negative” TIM-3
costimulation is essential for hepatic homeostasis and resistance against IR stress in OLTSs.
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Introduction

Liver transplantation is the standard of care in patients with end-stage liver disease and those
with tumors of hepatic origin (1). However, the cellular damage surrounding organ removal
and storage impacts transplantation outcomes because it represents a major risk factor for
primary graft non-function, acute and chronic rejection, as well as it contributes to acute
donor organ shortage. Despite obvious significance, however, our appreciation of complex
immune mechanisms that account for liver ischemia-reperfusion injury (IR1) is still limited
(2, 3). Controlling IRI remains an unmet clinical need in organ transplantation.

It has been generally accepted that hepatic IRI results from glycogen consumption and
adenosine triphosphatase (ATP) depletion, which triggers a complex innate immune-
dominated inflammatory cascade, leading to reactive oxygen species (ROS) production and
progressive tissue damage (3). Although hepatic IRI may develop in syngeneic grafts, ex
vivo, or under sterile conditions, we have shown that T cells particularly of CD4 phenotype
are indispensable for the activation of TLR4-mediated pro-inflammatory immune sequel (4).
The question arises as to how adaptive T cells may function in the predominantly TLR4-rich
innate immune milieu and in the absence of exogenous antigen stimulation in IR-stressed
livers?

Interactions between T cell Immunoglobulin Mucin (TIM) family of co-stimulatory proteins
constitute a novel T cell — macrophage molecular signaling network at the innate — adaptive
interface in organ transplantation (5). We have shown that treatment of WT mice with anti-
TIM-1 mAb ameliorated the hepatocellular damage in livers subjected to either “warm”
ischemia in situ (6) or prolonged “cold” storage and transplantation (7), data supported by
results from a renal IRl mouse model (8). The TIM-3-Galectin-9 (Gal-9) pathway, on the
other hand, constitutes a “negative” T cell costimulation signal between Th1 and
macrophages, consistent with our recent report in which TIM-3 blockade worsened tissue
damage in IR-stressed livers (9). The importance of “negative” T cell signaling in
preventing innate immune activation is supported by our experiments in which disruption of
PD-1 (B7) - PD-L1 (H1) pathway promoted IR-hepatocellular damage (10). Thus, multiple
T cell costimulatory pathways, both positive and negative, may function in a “two-way”
traffic fashion to promote or inhibit TLR4-dependent innate immune responses against IR-
insult.

This study was designed to extend our previous findings on the role of TIM-3 costimulation
from a mouse model of liver partial “warm” ischemia into a clinically-relevant model of
prolonged hepatic cold storage and syngeneic orthotopic liver transplantation (OLT). Our
results show that CD4+ T cell-dependent “negative” TIM-3 signaling is critical to maintain
hepatic homeostasis in preservation-associated liver damage, whereas enhancing TIM-3
expression by exogenous rGal-9 protects liver grafts against IR stress.
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Materials and Methods

Animals

C57BL/6 (WT), B6.12957-Rag1!™IMom/j (C57BL/6, RAG ™) mice at 8-12 weeks of age
were used (Jackson Laboratory, Bar Harbor, ME). TIM-3Tg mice (at C57BL/6 background),
kindly provided by Dr. Vijai Kuchroo (Harvard University, Boston), were generated by
expressing the full-length TIM-3 cDNA under the control of the human CD2 promoter.
Animals were housed in the UCLA animal facility under specific pathogen-free conditions
and received humane care according to the criteria outlined in Guide for the Care and Use of
Laboratory Animals (prepared by the National Academy of Sciences; NIH publication
86-23, revised 1985).

Model of liver “cold” IRl in WT mice

Isogeneic OLTs were performed, as described (11). C57BL/6 livers, stored for 20h at 4°C in
UW solution, were transplanted orthotopically by using the cuff technique. The bile duct
was connected via ligation over the stent. Anhepatic time was 15-18min. At 1h prior to
reperfusion, animals were given a single dose (0.5 mg/mouse i.v.) of antagonistic anti-
TIM-3 mAb (RMT3-23) or control Ig (Rat 1gG, Bio X Cell, West Lebanon, NH); or human
stable-form Gal-9 (rGal-9; 100ug/mouse i.v.; a gift from Prof. Mitsuomi Hirashima, Kagawa
University, Japan). Liver and sera samples were collected at time intervals post-transplant
for analyses.

Model of liver “cold” IRl in RAG™~ mice

Syngeneic spleen CD4+ T cells (5x108 i.v.), separated from WT or TIM-3 Tg donors by
using magnetic cell sorting kit (StemCell Technologies, Vancouver, Canada), were
adoptively transferred into severely T-, B-, and NK T-cell deficient RAG ™~ test recipients.
These animals received WT liver grafts, which were subjected to 20h of cold storage. Liver/
sera samples were collected at 6h of reperfusion. Separate groups of RAG ™~ mice were
treated with control Ig or anti-TIM-3 mAb prior to OLT (at -1h).

Lymphocyte isolation and flow cytometry analysis

Lymphocytes were isolated from OLTSs at 6h post-transplant by using Percoll density
gradient (4). Briefly, livers were perfused in situ with collagenase-PBS, and hepatocytes
were removed by low-speed centrifugation. The lymphocyte fraction was separated by
25%/50% discontinuous Percoll density gradient (Pharmacia, New York, NY). After RBC
lysis, hepatic CD4+ T cells were separated by a magnetic cell sorting kit (StemCell
Technologies) for quantitative PCR. For flow cytometry, liver-infiltrating lymphocytes were
harvested at 1h post-transplantation, and stained with rat anti-mouse PE-Cy5-CD3
(145-2C11), FITC-CD4 (RM4-5), APC-CD4 (RM4-5), FITC-PD-1 (RMP1-30), PE-TIM-3
(RMT3-23), PE-CD69 (H1.2F3) or certain isotype control rat IgG (eBioscience, San Diego,
CA).
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Hepatocellular function

Serum alanine aminotransferase (SALT) levels, indicator of hepatocellular injury, were
measured by IDEXX Laboratory (Westbrook, ME).

Histology and immunofluorescence

Liver paraffin sections (4pm) were stained with hematoxylin-eosin (H&E). The severity of
liver IR1 was graded blindly by modified Suzuki's criteria on a scale of 0-4 (12).
Immunofluorescence staining was performed on frozen sections with primary mAb against
mouse neutrophils Ly-6G (1A8, BD Biosciences, San Jose, CA), macrophages CD68
(FA-11; AbD Serotec, Raleigh, NC) and Alexa Fluor® 488 actin conjugate (Life
Technologies). The secondary Ab for Ly-6G/CD68 was goat anti-rat Alexa Fluor® 555
(Invitrogen). Slides, mounted with VECTASHIELD medium/DAPI (Vector Labs,
Burlingame, CA)/F-actin were evaluated blindly by counting labeled cells in 10 high-power
fields (HPF). Results were expressed as average humber of positive cells/HPF (x400)

Myeloperoxidase activity assay
The presence of myeloperoxidase (MPO) was used as an index of neutrophil accumulation
in the liver (7). One absorbance unit (AU) of MPO activity was defined as the quantity of
enzyme degrading 1mol peroxide/min at 25°C/gram of tissue.

Quantitative RT-PCR
PCRs were performed with platinum SYBR green quantitative PCR kit (Invitrogen,
Carlsbad, CA) by the Chromo 4 detector (MJ Research, Waltham, MA). Primers to amplify
specific gene fragments were published (7, 10). Target gene expressions were calculated by
their ratios to the housekeeping HPRT gene.

Statistical analysis. All values are expressed as the mean + standard deviation (SD). Data
were analyzed with unpaired two-tailed Student's-t test. P<0.05 was considered statistically
significant.

Results
TIM-3+ CD4+ T cells infiltrate IR-stressed OLTs

In our principal model, livers from C57B6 donor mice were stored at 4°C in UW solution
for 20h, and then transplanted orthotopically to syngeneic recipients. At 1h post-transplant,
the time of maximal T cell infiltration in this model (7, 11), OLT-infiltrating CD3+CD4+ T
cells were screened for TIM-3 and CD69 expression by flow cytometry. Unlike negative
staining for TIM-3 and CD69 in sham controls (Supplementary Fig. 1G and H), CD4+ T
cells in IR-stressed OLTs were activated, as shown by CD69 staining (Fig. 1B: 38.4+ 0.2 vs.
3.4%0.3 isotype control) and expressed TIM-3 (Fig. 1A: 8.8+1.6 vs. 3.4+0.3 isotype control).

Disruption of TIM-3 signaling exacerbates IRl in OLTs

To test the function of TIM-3 signaling, we pretreated B6 mice with a single dose (0.5 mg/
mouse i.v.) of antagonistic TIM-3 mAb (RMT3-23) or control Ig at 1h prior to reperfusion
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of IR-stressed OLTS, a protocol known to deplete TIM+ target cells (7). Recipients were
then sacrificed at 6h, the peak of hepatocellular damage (11), and liver/peripheral blood
samples were collected. Mice given anti-TIM-3 mAb were more susceptible to IRl as
compared with Ig-treated controls, evidenced by increased sALT levels (Fig. 1C:
18672+6646 vs. 7819+1719 U/L; p<0.05) and accelerated histological liver injury features.
Indeed, disruption of TIM-3 signaling further enhanced the severity of lobular edema,
vacuolization, as well as hepatic necrosis (Fig. 1D), accompanied by increased Suzuki's
score of OLT damage (Fig. 1E; 3.41+0.50 vs. 2.52+0.38 in Ig-treated controls; p<0.05).

Targeting TIM-3 polarizes CD3+CD4+ T cell transcription and function in IR-stressed OLTs

We analyzed CD4+ T cell cytokine profile in IR-stressed OLTs with or without adjunctive
anti-TIM-3 mAb. By 6h of reperfusion, cDNA from liver-infiltrating CD3+CD4+ T cells
were isolated and analyzed by quantitative PCR. TIM-3 signaling blockade enhanced
expression of Thl-related transcription factor Thet, IFN-v, as well as Th17-related
transcription factor RORyt, IL-17, and IL-22 (Fig. 2A,B), while simultaneously depressing
Th2-related GATAS3, IL-4, IL-10 (Fig. 2C) and FoxP3 (Fig. 2D). Consistent with high co-
expression of PD-1 (49.5+1.4) on OLT-infiltrating TIM-3+CD4+ T cells (Supplementary
Fig. 1D), disruption of TIM-3 signaling down-regulated the expression of genes encoding
PD-1 and lymphocyte activation gene 3 (LAG-3) in IR-stressed OLTs (Fig. 2E).

TIM-3 antagonism increases sequestration and function of neutrophils/macrophages in IR-

liver grafts

By 6h of transplantation, cold-stored OLTSs in mice pretreated with anti-TIM-3 mAb showed
increased MPO neutrophil activity (U/g), as compared with controls (Fig. 3A; 2.31+0.50 vs.
1.49+0.37; p<0.05). This was accompanied by increased (p<0.05) frequency of neutrophils
(Fig. 3B, 45.25+5.45 vs. 32.50+4.65) and macrophages (Fig. 3C, 50.75+6.85 vs.
25.75+4.27) sequestered in IR-stressed OLTs (Supplementary Fig. 1A, B). Moreover,
disruption of TIM-3 pathway enhanced hepatic TLR4 expression (Fig. 4A), along with
downstream transcript levels of neutrophil/monocyte-derived proinflammatory chemokine
(Fig. 4B; CCL-2, CXCL-10, CXCL-1) and cytokine (Fig. 4C; TNF-a, IFN-B, IL-18, IL-6)
(p<0.01) programs.

CD4+ T cell-dependent TIM-3 costimulation confers IR-resistance in OLTs

Although originally identified on terminally differentiated Th1 cells, TIM-3 has also been
found on macrophages/monocytes, DCs, and NK cells (13). To elucidate the role of
CD3+CD4+ T cell-dependent TIM-3 immunomodulation, we utilized a model of
preservation-associated liver damage in RAG ™~ mice, which are T- B- and NK T cell-
deficient (7). RAG ™" test recipients were repopulated with purified (>95%) syngeneic
spleen CD4+ T cells (5x10° i.v.) from WT or TIM-3 Tg donors. They were challenged with
WT liver grafts that were cold-stored (20h at 4°C in UW). Adoptive transfer of CD4+ T
cells from WT naive donors (<2% of TIM-3+ cells) recreated classic hepatocellular damage
in otherwise IR-resistant RAG ™~ test mice, evidenced by sALT levels at 6h of reperfusion
(Fig. 5A, 52381981 vs. 495141 U/L in controls; p<0.01). In contrast, adoptive transfer of
CDA4+ T cells from TIM-3 Tg donors (50-60% of TIM-3+ cells) failed to trigger liver IRI in
RAG™" recipients (Fig. 5A, SALT: 639+195 vs. 495+141 U/L in controls; p>0.05). OLT
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resistance against IRI after infusion of TIM-3+CD4+ T cells was confirmed by histology
(Fig. 5B, C; Suzuki's score = 2.91+0.56 and 0.58+0.26; p<0.01 after transfer of WT and
TIM-3 Tg CD4+ T cells, respectively). The gRT-PCR analysis has shown that transfer of
WT but not TIM-3 Tg cells enhanced TLR4 expression (Fig. 5D) and pro-inflammatory IRI
signature (TNF-a, IL-1p, IL-6) in OLTs of adoptively transferred RAG ™'~ mouse recipients
(Fig. 5E).

Tim-3 - Gal-9 pathway protects OLTs from IRI

To further assess whether activation of TIM-3 signaling exerts hepatoprotection in OLTSs,
WT mice were pretreated with a single dose of rGal-9 (100ug/mouse i.v. at -1h). By 6h of
reperfusion, WT mice given rGal-9 showed decreased SALT levels, as compared with Ig-
treated controls (Fig. 6A: 2578772 vs. 7455+1971 U/L; p<0.05), along with improved
histological features of liver graft injury (Fig. 6B). Moreover, infusion of rGal-9 increased
TIM-3 (Fig. 6C) while simultaneously decreasing TLR4 expression, accompanied by
diminished TNF-a, IL-1p, IL-6 (Fig. 6D) levels in IR-stressed OLTSs.

Discussion

In this study, we established what we believe to be for the first time, that CD4+ T cell-
dependent “negative” TIM-3 — Gal-9 costimulation pathway is required to maintain hepatic
homeostasis and resistance against innate immunity-driven preservation-inflicted tissue
damage in mouse OLTs. By using a model of ex vivo liver cold storage followed by
transplantation, we have shown that: 1/ TIM-3 expressing activated CD4+ T cells infiltrated
IR-stressed OLTs; 2/ disruption of TIM-3 signaling exacerbated IR-hepatocellular damage,
accompanied by polarization towards Th1-type and depression of T cell exhaustion (PD-1
and LAG-3) phenotype; 3/ TIM-3 antagonism enhanced IR-induced TLR4 expression, as
well as neutrophil/macrophage trafficking and function in OLTs; 4/ by employing RAG ™~
test mice, we have documented the key immunoregulatory role of CD3+CD4+ T cell-
dependent TIM-3 pathway in OLT resistance against IR stress; 5/ pretreatment with rGal-9
enhanced hepatic TIM-3 levels, with resultant protection against IRl in OLTs. These
findings complement our recent studies in which TIM-3 signaling determined the severity of
hepatocellular damage in TLR4-dependent manner (9). However, unlike in “warm” IRI
model, we have now: 1/ used a clinically-relevant mouse model of extended (20h) hepatic
cold storage followed by transplantation and 2/ identified the protective role of a discrete
OLT-infiltrating TIM-3+CD4+ T cell population in IR-hepatic resistance and homeostasis.

Multiple rodent and human immune cell types may express TIM proteins (5, 14). Unlike
other negative immunomodulatory molecules, TIM-3 is preferentially expressed on
activated CD4+ Th1, CD8+ T cytotoxic 1 (Tcl) and Th17 cells. Indeed, interaction between
TIM-3 and its Gal-9 ligand was shown to terminate Th1 responses by inducing TIM-3+ T
cell death (5, 15). TIM-3 antagonism, on the other hand, increased the number/activation of
macrophages and enhanced the severity of EAE (16). In non-obese diabetic mice, TIM-3
may as a regulatory checkpoint for CD4+CD25+ Treg to dampen Thl-dependent pro-
inflammatory and promote tolerogenic responses (17). Increased TIM-3 frequency on T
cells was also found during chronic HIV-1 infection, leading to impaired antiviral function,
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T cell exhaustion, and limited immune activation (18). We have shown that stimulation of
PD-1 negative signals ameliorated liver IRI by inhibiting T cell activation and Kupffer cell/
macrophage functions (10). Along with other inhibitory receptors, such as PD-1, or LAG3,
TIM-3 has been associated with T cell exhaustion in acute myelogenous leukemia (19),
endotoxic shock (20) and allograft rejection (5, 21, 22). In the present study, TIM-3
blockade decreased PD-1 and LAG3 levels, suggesting that disruption of TIM-3 signaling
may reverse IR-driven T cell exhaustion phenotype by diminishing dysfunctional T cell
population in OLTs. This was also the case in a chronic hepatitis C virus (HCV) infection
where TIM-3 antagonism rescued dysfunctional CD4+ and CD8+ T cells (23).

Consistent with others (24-26), we have reported on the pathogenic role of T lymphocytes,
particularly of CD4 phenotype, in hepatic IRI (4, 27). We have also documented that CD4+
T cells function via CD154 and without de novo Ag-specific activation, as CD40 induction
was required to engage CD154-CD40 to facilitate IR-inflammation and tissue injury (4). In
the present study, increased expression of TIM-3 and CD69 antigens by OLT-infiltrating T
cells is consistent with enhanced CD3+CD4+ T cell-specific TIM-3 signaling in the early
post-transplant phase, which precedes the phase of innate immune-driven hepatic activation
(3). Furthermore, targeting TIM-3 exacerbated IR-hepatocellular damage, by polarizing
OLT molecular signature towards Thl-type (increased Thet/IFN-v) and away from Th2-type
(depressed IL-4/1L-10 FoxP3) phenotype. Evidence points towards the importance of Th1-
type cells and IFN-y in the activation of Kupffer cells/macrophages and neutrophils in IR
innate inflammatory cascade (28). Data from our lab (4) and others (29) demonstrated that
CD4+ T cell deficiency leads to hepatic IRI resistance, whereas repopulation with CD4+ T
cells restores IRI, implying CD4+ T cell as a key player in the early IRI phase (3, 25).
Unlike in sham controls, increased frequency of CD68+ macrophages and enhanced TLR4
activity was observed in IR-stressed OLTs. Notably, mice pretreated with anti-TIM-3 mAb
were characterized by elevated CD68+ cell infiltration, enhanced TLR4 responses, and
proinflammatory cytokine signature (TNF-a, IFN-B, IL-18, IL-6) in liver grafts. As
disruption of TIM-3 signaling exacerbated TLR4-driven inflammation in OLTS, our results
underline the importance of negative TIM-3 signaling in CD4+ T cell - macrophage cross
talk in the mechanism of innate immunity-driven IRI.

The circulating monocytes and PMNs become activated and recruited into IR-livers to
amplify local tissue destruction by generating ROS during the second stage of IR-induced
liver immune cascade (3, 4). Compared to untreated liver grafts, those pre-treated with anti-
TIM-3 mAb showed increased neutrophil sequestration, MPO activity and enhanced
expression of IFN-inducible gene products and neutrophil chemoattractant, such as
CXCL10, CXCL1 (KC). Pro-inflammatory phenotype after TIM-3 blockade further
documents the benefit of negative regulatory function of TIM-3 signaling through cytokine/
chemokine networks in cold-stored OLTSs.

Since originally discovered on Th1 cells, TIM-3 expression has been also detected on DCs,
monocyte/macrophages and mast cells (13). To focus on CD3+CD4+ T cell-dependent
TIM-3 signaling, we have used severely T cell-deficient RAG™~ mice as recipients of IR-
stressed liver grafts. Consistent with our recent findings (7), adoptive transfer of naive CD4+
spleen T cells was both necessary and sufficient to facilitate hepatocellular damage in OLTs
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of otherwise IR-resistant RAG ™~ test recipients. In marked contrast, RAG ™~ mice remained
resistant against IR-induced inflammation/hepatocellular OLT damage following infusion of
TIM-3 enriched CD4+ T cells. We found high TIM-3 expression (269.2+20.4) on CD4+ T
cells infiltrating TIM-3 Tg OLTSs (Supplementary Fig. 1E), along with elevated PD-1 levels
(56.9£2.4) on TIM-3+CD4+ T cells (Supplementary Fig. 1F). These results highlight
cytoprotectives function of putative T cell exhaustion phenotype in IR-stressed liver
isografts. Neither anti-TIM-3 mAb nor control Ig treatment triggered OLT damage in

RAG ™~ mice without cell transfer, implying that TIM-3+ APCs may not be crucial in
facilitating liver IRI in this model (Supplementary Fig. 1C).

Gal-9, a natural TIM-3 ligand, may induce Th1 cell death in TIM-3 dependent manner (30).
We now show that treatment with rGal-9 activated TIM-3 expression, diminished IR-
triggered TLR4 activation and mitigated proinflammatory cytokine programs, ultimately
leading to OLT cytoprotection. These beneficial effects are in agreement with the ability of
Gal-9 to ameliorate diet-induced liver steatosis by modulating NKT cell function (31);
prolong survival of fully allogeneic cardiac allografts by suppressing Th1/Th17 immune
responses (32); or protect corneal allografts from destruction by allo-reactive T cells (33).

In summary, this report supports a novel concept of TIM-3 — Gal-9 “negative” T cell
costimulation to promote hepatic homeostasis and cytoprotection against preservation-
associated tissue damage in mouse liver transplants. These experimental findings are in
agreement with preliminary data of our ongoing clinical study on TIM signaling in human
liver transplants suffering from IRI, as: i/ a therapeutic target in IR-mediated liver
inflammation; ii/ a biomarker candidate to identify the severity of hepatic IRI; and iii/ a
putative predictor of clinical outcomes in liver transplant patients (Kupiec-Weglinski,
unpublished).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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H&E staining; magnification x100 and x400); and (E) Suzuki's histological score of OLT
damage (*p<0.05, n=8-10/group).
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(400x magnification). Representative of 4-6 mice/group.
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Figure5.
Groups of RAG™~ mice were repopulated with purified (>95%) spleen CD4+ T cells (5x10°

i.v.) from syngeneic WT or TIM-3 Tg donor mice. The WT liver grafts, subjected to 20h
cold storage, were transplanted to RAG ™~ test recipients. At 6h of reperfusion, the
hepatocellular damage in OLTs was assessed by: (A) SALT levels; (B) liver histology
(representative H&E staining; magnification x100 and x400); and (C) Suzuki's histological
score. The expression of (D) TLR4; and (E) TNF-q, IL-1f, and IL-6 was studied by qRT-
PCR (*p<0.05, **p<0.01, n=8-10/group).
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Livers from B6 mice, stored for 20h at 4°C, were transplanted to syngeneic recipients.
Exogenous rGal-9 (100ug/mouse) was injected i.v. at 1h prior to reperfusion, and OLT
function was assessed at 6h after reperfusion by: (A) SALT levels; (B) liver histology
(representative H&E staining; magnification x100 and x400); qRT-PCR-assisted hepatic
expression of: (C) TIM-3; (D) TLR-4, TNF-a, IL-1f, and IL-6 (*p<0.05, **p<0.01, n=4-6/
group).
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