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Abstract

Lactoferrin, an iron-binding glycoprotein found in mammalian mucosal secretions and granules of
neutrophils, possesses several immune modulatory properties. Published reports indicate that
lactoferrin enhances the efficacy of the tuberculosis vaccine, BCG (Bacillus Calmette Guerin),
both by increasing macrophage and dendritic cell ability to stimulate receptive T cells and by
modulating the inflammatory response. This report is the first to demonstrate the effects of a
recombinant human lactoferrin (10 pg/ mL) on human PBMC derived CD14* and CD16*
macrophages stimulated with a strong (LPS, 10 ng/mL) or weaker (BCG, MOI 1:1) stimulator of
inflammation. After 3 days culture, LPS and human lactoferrin treated CD14* cells significantly
increased production of IL-10, IL-6, and MCP-1 compared to the LPS only group. In contrast,
similarly treated CD16™ macrophages increased production of IL-12p40 and IL-10 and decreased
TNF-a. Limited changes were observed in BCG stimulated CD14* and CD16* macrophages with
and without lactoferrin. Analysis of surface expression of antigen presentation and co-stimulatory
molecules demonstrated that CD14* macrophages, when stimulated with BCG or LPS and
cultured with lactoferrin, increased expression of CD86. CD16* macrophages treated with
lactoferrin showed a similar trend of increase in CD86 expression, but only when stimulated with
BCG.
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1. Introduction

The challenge to discover and develop more efficacious vaccines and therapeutics to

successfully treat tuberculosis (TB) disease is complicated by the roles that the host immune

response plays in progression of lung pathology and eventual disease transmission [1].
Leukocytes are recruited to the site of Mycobacterium tuberculosis (MTB) infection and
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contribute to disease progression [2,3], yet the macrophage is believed to be a key player in
establishing both innate and adaptive immunity. Thus, one potential method to control
dissemination and spread of TB disease is to modulate macrophage responses to
mycobacterial antigens.

Lactoferrin, a naturally occurring protein, produced by epithelial cells and neutrophils, is a
first line defense protein involved in protection against microbial infections and subsequent
development of systemic inflammation [4]. It possesses several immune modulating
properties [5,6], including pleiotropic effects on macrophage activity and function [7-10].
Published reports demonstrated that addition of lactoferrin to macrophages stimulated with
BCG (Bacillus Calmette Guerin), the current TB vaccine, enhanced the expression of
presentation and co-stimulatory molecules, leading to enhanced stimulation of receptive
CD4* T cells. At the same time, lactoferrin limits the proinflammatory environment by
enhancing the production of TGF-B1, allowing the potential to increase regulatory T cells to
control the destructive inflammatory response during MTB infection and developing disease
pathology [11,12]. These studies demonstrate that lactoferrin is capable of enhancing the
effect of the BCG vaccine. Furthermore, /in vivo experiments showed that the addition of
lactoferrin to BCG does enhance vaccine efficacy by protecting against MTB induced lung
disease progression by limiting the inflammation within the lung environment [13-17].

Much of lactoferrin’s ability to enhance BCG efficacy occurs through modulation of
macrophage activity. Reported immune-related studies utilized the bovine form, which is not
ideal for use in the human clinical setting. In addition, variability in the isolation and
purification process of bovine lactoferrin from different manufactures has led to differences
seen in immune modulatory properties between batches of bovine lactoferrin [18]. Recently,
a recombinant human lactoferrin was produced in Chinese hamster ovary (CHO) cells,
allowing mammalian glycosylation patterns which are known to be critical for proper
immune function [19]. The CHO derived recombinant human lactoferrin exhibited similar
activity as bovine lactoferrin in enhancing efficacy of the BCG vaccine, as measured by both
increased splenic recall IFN-y production (an indication of enhanced CD4* T cell helper
type 1 response critical for MTB control) and decreased TB disease pathology associated
with overall decrease in lung inflammation [20].

Monocyte derived macrophages are tissue macrophages that are differentiated from
circulating monocytes that have migrated into tissue. In humans, there are two distinct sets
of monocytes, CD14" and CD16", distributed 90-95% and 5-10% respectively. While the
classical monocytes (CD14%) are believed to be the primary responders during infection, the
non-classical monocytes (CD16%) have been linked to several inflammatory disease states
[21-24], including TB. Reports indicate that CD16"* expression is increased in monocytes
isolated from TB patients compared to healthy controls [25]. The increase in CD16*
monocytes is correlated with severity of active TB disease [26]. CD16* monocytes isolated
from TB patients with poorer clinical outcomes are less responsive to stimulation with MTB
antigens or LPS, producing significantly less TNF-a [27], a cytokine whose decrease has
been linked to TB disease activation [28,29]. This increase in CD16* monocytes could be a
direct result of MTB infection altering the CD14* monocytes. Culturing of CD14*
monocytes in supernatants collected from MTB infected macrophages pushed for enhanced
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expression of CD16 [30]. This elevation in CD16* monocyte population and its immune
dysfunction are believed to be involved in the disease process during chronic inflammation.

Monocytes are matured into macrophages once they are recruited into tissue where there are
active sites of infection and/or inflammation. Monocytes normally do not encounter
mycobacterial antigens in circulation, which during TB pulmonary disease are restricted to
the lung tissue. During TB pulmonary disease, monocytes are recruited to the lung tissue
where they are activated [31]. The sequence of events once the monocytes are in tissue,
whether they mature into macrophage before encountering MTB antigens or the monocytes
encounter MTB antigens prior to maturation is unknown.

The BCG vaccine is an attenuated strain of Mycobacterium bovis and possesses many of the
host immune evasion properties of virulent MTB [32-35]. Once injected, BCG is
hypothesized to establish a localized infection where monocytes and other leukocytes are
recruited, and this transient infection is critical for establishment of the adaptive T cell
response required to protect against subsequent MTB assault. This manuscript will explore
the hypothesis that CD16* monocyte derived macrophages play a role in response to the
BCG vaccine, and that the adjuvant effect of lactoferrin observed /n vivois attributed to its
ability to modulate CD16* monocyte derived macrophage activity during BCG infection. In
these studies we demonstrate utility of fully compatible recombinant human lactoferrin in
the human macrophage system under stimulation by BCG or LPS.

2. Materials and method

2.1. Lactoferrin, BCG, LPS

CHO expressed recombinant human LF (endotoxin is < 0.2 EU/mg) was kindly provided by
PharmaReview Corporation (Houston, TX) [20,36].

Mycobacterium bovis, Bacillus Calmette Guerin (BCG), Pasteur strain, (TMC 1011, ATCC,
Manassas, VA) was grown in Dubos base (without addition of glycerol) with 10%
supplement (5% BSA and 7.5% dextrose in saline) on an orbital shaker at 37 C for 2 weeks
before use. BCG was diluted with 1x Dulbecco’s phosphate-buffered saline (PBS) (Cellgro,
Herndon, VA) to 3 x 108 organisms/mL, the concentration was estimated using McFarland
standards (Sigma, St. Louis, MO), and confirmed by plating dilutions onto 7H11 agar plates
(Remel, Lenesa, KS). Plates were incubated at 37 °C with 5% CO, for 3-4 weeks, and
resulting colonies counted.

Lipopolysaccharide (LPS) from Escherichia coli 0111:B4 was purchased from Sigma.

2.2. PBMC derived macrophages

Buffy coats from healthy blood donors were purchased from Gulf Coast Regional Blood
Center (Houston, TX). Peripheral blood monocytes (PBMC) were isolated using Histopaque
1077 (Sigma) according to manufacturer’s instructions. Collected cells were treated with
ACK buffer (Cambrex Bio Sciences, East Rutherford, NJ) to lyse the remaining red blood
cells. PBMCs were washed 3xs with 1x Dulbecco’s phosphate buffer saline (PBS, Cellgro,
Manassas, VA).
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CD16™ monocytes were isolated from donor PBMCs using magnetic beads (Miltenyi Biotec,
San Diego, CA). The CD16" monocyte isolation kit depletes granulocytes and NK cells
prior to positive selection for CD16* monocytes. The remaining CD16 cells were collected
and isolated for CD14* monocytes by positive selection using magnetic beads (Miltenyi
Biotec). Both CD16™ and CD14* monocytes were differentiated at 1 x 108 cells/mL in
RPMI 1640 (Sigma) supplemented with 10% fetal bovine serum (FBS, Sigma) and 20
ng/mL human GM-CSF (Cell Sciences, Canton, MA) at 37 °C with 5% CO, for 6 days, with
one media change at day 3. At day 6, the adherent CD14* and CD16* monocyte derived
macrophages were washed and rested in RPMI 1640 with 10% FBS overnight. The naive
macrophages were infected with BCG (MOI 1:1) or stimulated with LPS (5 ng/mL) with or
without recombinant human lactoferrin (10 ug/mL). At day 3 post-BCG infection,
supernatants were collected and analyzed by ELISA. The macrophages were released from
the culture plate by incubating with 0.25% trypsin-EDTA (Sigma) at 37 °C for 5-10 min.
Trypsin is neutralized using 1% bovine serum albumin (BSA, Gemini Bioproducts, West
Sacramento, CA) in 1x PBS at a 2:1 v/v ratio. Macrophages were collected by flushing, not
scraping, and immediately placed on ice. Collected macrophages were stained for surface
molecule expression and analyzed by flow cytometry.

2.3. ELISA analysis

Supernatants were assayed for cytokine production using the human DuoSet ELISA kits
(R&D Systems, Minneapolis, MN), according to manufacturer’s instructions. Human
macrophage supernatants were assayed for production of proinflammatory mediators, TNF-
a, IL-1p and IL-6, the Ty1 mediators 1L-12p40 and IL-10, and chemokines IL-8 and
MCP-1. Limits of detection are between 1.95 and 31.25 pg/mL depending on the analytic
assay.

2.4. Flow cytometry

Collected macrophages were blocked using CD16/32 antibody (BioLegend, San Diego, CA)
on ice for 15 min. The macrophages were then stained with anti-human HLA-A,B,C-FITC,
HLA-DR-AlexaFluor 700, CD80-PE/Cy7, CD86-PerCP/Cy5.5, CD40-PE, CD1b-APC, and
CD1c-pacific blue (BioLegend) on ice for 45 min. Staining buffer and washing buffer was
1% BSA in 1x PBS. Stained cells were fixed in 2% paraformaldehyde in 1x PBS on ice for
15 min. Fixed cells were stored in staining buffer and read on Gallios Flow Cytometer
(Beckman-Coulter, Brea, CA). For each sample, 30,000 to 50,000 events were assessed.
Analysis was conducted with Kaluza flow cytometry analysis software (Beckman-Coulter).

2.5. Statistics

Buffy coats from four individuals were used to isolate PBMC derived CD14* and CD16*
monocytes. For each buffy coat sample, 1 to 2 separate macrophage cultures were setup for
each stimulation condition. ELISA and flow cytometry data were compared using paired
Student’s T test. Significance is determined at p < 0.05.
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3.1. Recombinant human lactoferrin modulates inflammatory cytokine production from
BCG stimulated CD14* and CD16" derived macrophages

Macrophages, as a critical responder of the innate immune system, produce several
cytokines and chemokines to prepare and influence activity of leukocytes arriving to a
localized microenvironment. Production of TNF-a and IL-6 directs formation and
maintenance of the granuloma [37], a structure that prevents dissemination of MTB and
BCG bacteria from the localized site. MCP-1 (monocyte chemotactic factor) attracts
monocytes into the site, and IL-8 recruits neutrophils [38]. Production of high levels of
IL-12 and low levels IL-10 influences the differentiation of CD4™ T cells into T cell helper
type 1, which upon activation secrete IFN-y which is critical towards protection against
MTB infection [39]. Macrophage responses were therefore investigated in the presence or
absence of recombinant human lactoferrin when stimulated with BCG, a known low
stimulator of macrophage subset. Comparisons in response were made to LPS, a high
macrophage activator of inflammatory responses.

There was a significant difference between the effect of recombinant human lactoferrin on
CD14" and CD16™ monocyte derived macrophages stimulated with BCG or LPS. The effect
of recombinant human lactoferrin was observed mainly under LPS stimulation in CD14*
monocyte derived macrophages and under BCG stimulation in CD16" macrophages. With
the exception of IL-1p, generally, CD14* derived macrophages produced higher levels of
cytokines compared to CD16" derived macrophages under LPS stimulation.

CD14" monocyte derived macrophages in the presence of human lactoferrin increased
production of IL-10, IL-6, IL-1f8, and MCP-1 compared to LPS cultured macrophages
without lactoferrin. CD16" monocyte derived macrophages decreased production of
IL-12p40, IL-10, TNF-a, and IL-6 when cultured with BCG and human lactoferrin
compared to the no lactoferrin cultures (Fig. 1). The addition of recombinant human
lactoferrin demonstrated a non-significant decrease in the production of IL-6 and IL-8 in
CD16™ monocyte derived macrophages.

Cytokine production from non-stimulated CD14* and CD16* derived macrophages
produced little to no detectable levels of IL-12p40, IL-10, TNF-a, IL-6, and IL-1f with or
without the presence of human lactoferrin. Naive CD14* and CD16" derived macrophages
do produce measureable levels of MCP-1 and IL-8 (Supplemental Tables 1 and 2). In the
presence of human lactoferrin, naive CD16* macrophages demonstrated a significant
increase in MCP-1 (Supplemental Table 2).

3.2. Human lactoferrin increased co-stimulatory molecule CD86 in BCG and LPS
stimulated macrophages

Macrophages surface expression of presentation and co-stimulatory molecules are
responsible for the antigen presentation and activation of receptive T cells, initiation and the
expanding memory immunity. Human leukocyte antigen (HLA)-A, B, C presents antigens to
CD8™* T cells, whereas HLA-DR presents antigens to CD4" T cells. Co-stimulatory
molecules CD80 and CD86 are the secondary signal required for T cell activation at the time

Tuberculosis (Edinb). Author manuscript; available in PMC 2018 June 27.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hwang et al.

Page 6

of antigen presentation. CD40 is important for proper macrophage activation during antigen
presentation and T cell stimulation [40]. CD1b and CD1c are presentation molecules present
lipid antigens to CD1 restricted T cells [41].

The gating strategies are demonstrated in Supplemental Figs. 1-3. Using forward (FS) and
side scatter (SS), the intact macrophage population was gated (gate A), with elimination of
dead cells and cell fragments that are low for both FS and SS (Supplemental Fig. 1).
Macrophages express high levels of class Il presentation molecules. Naive CD14*
macrophages express high levels of HLA-DR for nearly 100% of the population
(Supplemental Fig. 2). A representative sample of CD14* monocyte derived macrophages
stained with the CDO, CD86, CD40, CD1b, and CD1c are demonstrated in Supplemental
Fig. 3. Data not shown for CD16* monocyte derived macrophages as the same gating
strategy was used.

Generally, LPS stimulation increased surface expression of co-stimulatory and CD1
presentation molecules compared to macrophage stimulated with BCG. Both CD14* and
CD16™ monocyte derived macrophages are >99% positive for expression of HLA-A,B,C and
HLA-DR (Figs. 2 and 3). CD14* monocyte derived macrophages stimulated with BCG and
LPS in the presence of human lactoferrin demonstrated an increase in CD86 percent positive
cells and the CD86 geometric mean (the mean fluorescent intensity) compared to those
cultured in the absence of lactoferrin. Interestingly, expression of CD1c showed a trend of
increase in LPS/lactoferrin cultured CD14* monocyte derived macrophages compared to the
no lactoferrin macrophages (Fig. 2).

CD16™ monocyte derived macrophages showed a non-significant increase of CD86 percent
positive cells and CD86 geometric mean in BCG stimulated cells in the presence of human
lactoferrin. In addition, human lactoferrin increased the geometric mean of HLA-A,B,C in
CD16* macrophages (Fig. 3). No effect on any surface markers examined was affected by
human lactoferrin the cell stimulated with LPS (Table 1).

In unstimulated macrophages, the addition of lactoferrin did not affect any changes in
surface expression of any molecules examined, with the exception of CD86. In naive CD14"
and CD16* macrophages, the addition of human lactoferrin increased CD86 percent positive
cells and CD86 geometric mean (Supplemental Tables 3 and 4).

4. Discussion

This is the first report of recombinant human lactoferrin to affect BCG and LPS stimulation
of CD14" and CD16* monocyte derived macrophages, leading to modulation of cytokine
production post stimulation. Molecules involved in both antigen presentation and co-
stimulatory activity were examined. There was a distinct difference between the effect of
human lactoferrin to modulate production of pro-inflammatory mediators between the
CD14" and CD16" monocyte derived macrophage populations. The presence of human
lactoferrin significantly increased cytokine and chemokine production from CD14*
macrophages when a robust stimulant (LPS) was used. In contrast, effect of human
lactoferrin was observed primarily to decrease BCG stimulated cytokine and chemokine
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production in the CD16™ macrophages. There was no difference in the effect of lactoferrin
on surface marker expression during BCG or LPS stimulation in either CD14* or CD16*
monocyte derived macrophages. This preliminary data strongly suggests that human
lactoferrin can differentially affect macrophage subsets depending on the relative “strength”
of the immunogen.

One consistent effect of human lactoferrin on both BCG and LPS stimulated CD14* and
CD16™ macrophages was the increase in surface expression of CD86. The co-stimulatory
molecules, CD86 and CD80, expressed by antigen presenting cells, act as secondary signals
necessary for activation of specific T lymphocytes. On T cells, surface molecules CD28 and
CTLA-4 are the ligands for CD80 and CD86; interaction with CD28 will activate the T cell
during antigen presentation, while binding of CTLA-4 leads to T cell anergy. The regulation
of co-stimulatory signals is complex and yet to be fully elucidated. Naive T cells express
CD28, which is downregulated during activation concurrently with upregulation of CTLA-4,
as a regulatory step to prevent chronic T cell activation [42]. Recent analysis also suggests
that CTLA-4 ligation with CD80 or CD86 can remove expression of CD80 and CD86 from
the surface of antigen presenting cells, preventing further interaction with the activating
signal, CD28 [43]. Expression of CD86 is expressed at low levels, which is upregulated
during activation along with CD80. This, along with biochemical studies suggesting that
CD86 prefers CD28, and CD80 prefers CTLA-4 [44-47], indicate that CD86 upregulation
can lead to increased T cell activation and increased protection against pathogenic infection.
A decrease in expression of CD86 has been correlated with increased severity of infection
and sepsis [48-50]. Thus, increased expression of CD86 via addition of recombinant human
lactoferrin suggests increased capability of macrophages to activate antigen specific T cells.
This subsequently can enhance the host memory response to BCG stimulation to protect
against MTB challenge. This activity of lactoferrin has been well documented with bovine,
recombinant human and recombinant mouse lactoferrins on mouse bone marrow derived
macrophages and dendritic cells. Co-culture experiments demonstrated that CD86 high
expressing cells do increase T cell activation [11,12,51,52]. Additionally, this increase in
CD86 has been correlated with /n vivo data that demonstrated mice immunized with BCG
and lactoferrin (bovine and human) enhanced memory recall responses that led to enhanced
pathological protection against MTB challenge [13-17,20,53]. Thus, this /n vitro human
macrophage model is a good model to predict the effect of lactoferrin in vivo.

The non-conventional monocyte (CD16%) population, due to its correlation with
inflammatory diseases, is often referred to as the inflammatory monocyte, suggesting that
these monocytes demonstrate a more mature phenotype and are more readily activated.
Maturation of CD16* monocytes with GM-CSF has been reported to be directed towards
dendritic cell phenotype, rather than the macrophage, which follows the maturation pattern
of CD14" monocytes under GM-CSF [54,55]. However, naive CD16* macrophages did not
demonstrate any increase in expression of class | (HLA-A,B,C) or class Il (HLA-DR)
presentation molecules or co-stimulatory molecules CD80, CD86, or CD40 (Supplemental
Tables 3 and 4) compared to CD14" macrophages. The maturation state of CD16*
monocytes differs depending on the culturing condition. /n7 vitro differentiation of CD16*
monocytes without any recombinant protein growth factors, led to a cell phenotype with low
surface expression of class Il molecules and a pronounced apoptotic state [56].
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Of interest, CD16* monocytes are associated with endotoxin tolerance; LPS induced
cytokine production may shift to a MyD88 independent mechanism [57] and a TRIF
dependent TLR-4 pathway [58]. This limited data suggest that the CD16* macrophage may
demonstrate changes in LPS induced TLR-4 signaling. Lactoferrin’s mechanism to regulate
LPS induced inflammation is thought to occur through the LPS-TLR-4 signaling cascade
[59-65]. One potential hypothesis for why recombinant human lactoferrin did not affect
CD16* macrophage cytokine/chemokine production maybe due to the innate changes in the
LPS-TLR-4 signaling cascade, compared to CD14* macrophage response.

The effect of human lactoferrin is distinctly different between CD14* and CD16*
macrophages in the production of inflammatory mediators. CD14* monocyte derived
macrophages demonstrate an effect of lactoferrin to increase LPS induced IL-10, IL-6,
IL-1B, and MCP-1. In contrast, in CD16* monocyte derived macrophages, presence of
lactoferrin decreased BCG promotion of 1L-12p40, IL-10, TNF-a, and IL-6. LPS is a
stronger stimulant of pro-inflammatory responses compared to BCG, as evident by increased
cytokine production. This difference in the effect of recombinant human lactoferrin between
the CD14" and CD16* macrophages may be due to the inherent mature/inflammatory
activation status of the cells. Current published studies suggest that CD16* monocytes
possess an enhanced inflammatory status [66—68], and are thus potentially easier to activate
upon antigenic stimulation. Thus, in CD14™ macrophages, BCG stimulation may be below
the activation threshold for lactoferrin to be effective.

The studies reported here indicate that recombinant human lactoferrin is effective to
modulate the inflammatory responses of CD14* and CD16* macrophages during low and
high stimulating conditions. The ability of recombinant human lactoferrin to decrease
inflammatory cytokine production by CD16" macrophages during BCG stimulation suggest
that a potential mechanism for human lactoferrin mechanism to improve BCG vaccine
efficacy may indeed be through decreased activity of the pathological CD16* macrophage
population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://dx.doi.org/10.1016/j.tube.
2016.09.011.
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Fig. 1. Recombinant human lactoferrin modulation of cytokine and chemokine production from
BCG or LPS stimulated CD14* and CD16" macrophages

CD14" and CD16™ monocytes derived macrophages were stimulated with BCG (MOI 1:1)
or LPS (5 ng/mL) with or without human lactoferrin (10 pg/mL) for 72 h. Supernatants were
collected and analyzed by ELISA for indicated molecules. Data represented as box and
whiskers: mean, the box is the 1st and 3rd quartiles, and the error bar is the maximum and
minimum. * =p <0.05 ** = p < 0.01.
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Fig. 2. Surface expression of CD86 altered by recombinant human lactoferrin in both BCG and
L PS stimulated CD14* macrophages

CD14" monocytes derived macrophages were stimulated with BCG (MOI 1:1) or LPS (5
ng/mL) with or without human lactoferrin (10 ug/mL) for 72 h. Cells were isolated and
analyzed by flow cytometry for multiple surface molecules involved with antigen
presentation. Data represented as box and whiskers: mean, the box is the 1st and 3rd
quartiles, and the error bars is the maximum and minimum. * = p < 0.05 ** = p < 0.01.
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% positive
b

antigenic presentation post BCG stimulation of CD16* macrophages
CD14" monocytes derived macrophages were stimulated with BCG (MOI 1:1) with or

without human lactoferrin (10 pg/mL) for 72 h. Cells were isolated and analyzed by flow
cytometry for indicated surface antigens. Data represented as box and whiskers: mean, the
box is the 1st and 3rd quartiles, and the error bar is the maximum and minimum. * =p <

0.05.
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Table 1

Lactoferrin effect on surface marker expression post L PS treatment of CD16*

macrophages

CD16™ monocyte derived macrophages were cultured with and without recombinant human lactoferrin (10
pg/mL) in the presence of LPS (5 ng/mL) for 72 h. Cells were collected and analyzed by flow cytometry for
surface marker expression. Data reported as mean =+ standard deviation.

CD16 % Positive cells Geometric MFI
LPS LPS+HLF10 LPS LPS+HLF 10

HLA-A,B,C 99.46 +0.51 99.52 + 0.46 49.7+0.83 51.83+2.35
HLA-DR 97.73+£0.79 97.24+0.21 10.56 +1.68 10.49 +1.94
CD80 68.88 +25.85 63.93 + 34.75 3.48+0.84 3.33+1.17
CD86 92.55 + 2.49 91.13+6.03 1098 +1.91 10.48+2.79
CD40 88.86 + 7.44 88.15 + 11.92 11.24+2.43 10.34+3.49
CD1b 11.07 +2.79 9.09 + 6.59 5.41 +0.95 552+ 1.34
CDl1c 1.18 £0.49 2.23+0.13 2.77+0.14 2.76 £ 0.24
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