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Abstract

Cryopreservation is widely used in umbilical cord blood (UCB) banking, yet its impact on progenitor cell function remains
largely unaddressed. It is unknown whether long-term cryopreservation affects UCB transplantation outcomes. Herein, we
evaluated the impact of UCB age on clinical outcomes and investigated the effect of cryopreservation duration of UCB on
hematopoietic potency in 91 patients receiving single cord blood transplantations. UCB cryopreservation duration was 0.7 to
13.4 y. The most common indication of transplant was thalassemia (48%). There was no significant association between
cryopreservation duration and neutrophil engraftment probability (P = 0.475). Cryopreservation duration did not affect the
post-thaw viability and subsequent neutrophil engraftment rate. Therefore, UCB units can undergo cryopreservation for at

least 8 y with no impact on clinical outcomes.
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Introduction

Umbilical cord blood (UCB) is a viable source of stem cells,
particularly for patients belonging to racial and ethnic minor-
ity whose genetic variations are often not included in unre-
lated volunteer donor registries'>. With improving expertise
and supportive care, UCB transplant outcomes are now com-
parable to those from unrelated or sibling donors®. The use of
UCB as a donor source has increased over the past decade.
Although cryopreservation is now universally practiced in
cord blood banking, its impact on progenitor cell function
has been only partially addressed”. It is essential to deter-
mine the reasons for the quantitative association and
improve selection criteria for UCB grafts using indices that
are strongly predictive of engraftment. Cord blood acquisi-
tion and expansion are precious, and maintaining a cord
blood bank is expensive’. Volume reduction procedures con-
centrate progenitor cells to optimize the use of storage space.
If long-term cryopreservation is detrimental to UCB trans-
plantation outcomes, the current model of cord blood bank-
ing must be revisited. In this present study, we sought to
determine whether cryopreservation duration influenced sin-
gle UCB transplantation outcomes if the quality parameters
and surrogate markers were not significantly different
between groups.

Materials and Methods

All patients who underwent single UCB transplantation at
Chang Gung Children’s Hospital between October 2003 and
October 2015 were included in this single-center analysis.
Informed consent was waived because of the retrospective
nature of the study.
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Overall Study Design

We reviewed electronic medical records and selected
patients according to our inclusion and exclusion criteria for
unrelated donor cord blood transplantation (CBT) in chil-
dren. Cord blood units for the present study were selected
from two National Marrow Donor Program—affiliated UCB
banks to ensure clarity of measurement. Initially, units were
considered if their human leukocyte antigen (HLA)-A, -B,
and -DR phenotypes matched at least 4 of the patient’s sub-
mitted 6 antigen-HLA phenotypes at a serologic or inter-
mediate DNA level of resolution. HLA-A, -B, and -DRBI1
compatibility was further confirmed using polymerase chain
reaction sequence-based typing to provide absolute HLA
resolution to 2 digits and a high probability resolution to 4
digits. A single allele or antigen-level mismatch at HLA-
DRBI1 was considered acceptable.

Cord blood banks use two methods to store frozen UCB:
plasma depletion (PD) or red cell reduction (RCR). The PD
method removes plasma, saves all the cells, and freezes them
in 10% dimethyl sulfoxide (DMSO). The RCR method cen-
trifuges cord blood in hetastarch or albumin to isolate 21 mL
of cord blood containing mostly white blood cells, adds 4
mL of 50% DMSO, and then freezes the resulting 25 mL of
cell suspension®. Data analysis using the Pediatric Hemato-
poietic Stem Cell Program was approved by the institutional
review board of Chang Gung Memorial Hospital, and the
requirement for informed consent was waived (Approval
No.: 104-9676B).

Measures

UCB units delivered to Chang Gung Children’s Hospital
were inspected, transferred, and maintained in vapor-phase
liquid nitrogen storage until the day of infusion. ABO/Rh
typing of the unit was performed before the wash. Data on
total nucleated cell (TNC) count, CD34+ cell counts, and
cell viability before freezing were retrieved from the bank’s
database. TNC counts were repeated locally after thawing
and dilution. CD34+ cell counts were measured at the time
of unit collection, and CD34+ viability was determined
using flow cytometry with 7-aminoactinomycin D (7-AAD).
Flow cytometry was performed according to International
Society of Hematotherapy and Graft Engineering specifica-
tions using a dual platform, with ammonium chloride lysis
for red cells, followed by washing and staining.

The cord blood units were thawed by direct immersion in
a 37 °C water bath using a modification of a previously
described protocol”. To reduce cell loss and unit manipula-
tion, we used dilution without centrifugation for CBT reci-
pients weighing >10 kg. Therefore, in the present study,
most UCB units (N = 66, 73%) were thawed using the
“no-wash” technique and 25 UCB units were thawed and
washed with centrifugation. These cryopreservation proce-
dures did not require graft washing prior to infusion to
remove the cryoprotectant or cell lysis products. The

premedication scheme included hydrocortisone and benadryl
administration 15 to 30 min prior to the infusion.

Biological Controls

TNC and CD34+ cell counts and CD34+ cell viability were
determined for samples obtained from UCB before and after
volume reduction. The counts were not corrected for
nucleated red blood cells (RBCs). Flow cytometry was used
to quantify the CD34+ cell content. TNC viability was mea-
sured using 0.4% trypan blue staining and 7-AAD by exclud-
ing the nonviable cells during CD34+ cell enumeration;
7-AAD is a membrane-impermeable dye that binds to
double-stranded DNA by intercalating between base pairs
in G-C-rich regions and is generally excluded from viable
cells. The viability of CD34+ cells was measured using 7-
AAD, which was excised at 488 nm with an argon laser.
UCB units were analyzed by comparing their cryopreser-
vation durations. We grouped UCB units in tertiles based on
cryopreservation durations (<4 y, 4.1 to 8 y, and >8 y) with
an arbitrary lower limit cutoff of 4 y. TNC recovery was
defined as the total TNC counts recovered at thaw, expressed
as a percentage of the total TNC count reported before freez-
ing. Neutrophil and platelet engraftments were defined as the
first of 3 consecutive days with an absolute neutrophil count
of >0.5 x 10°/L and a platelet count of >20 x 10°/L unsup-
ported by transfusion®. Variables assessed for their associa-
tion with neutrophil engraftment included cryopreservation
duration, pre-freeze TNC/kg, pre-freeze CD34+-/kg, post-
thaw viability, UCB unit-recipient HLA match, recipient
sex, recipient age, and primary diagnosis of the recipients.

Statistical Analysis

All patients were followed longitudinally until death or until
the final follow-up. Statistical analysis was performed using
SPSS Statistics version 18 (SPSS Inc., Chicago, IL, USA).
UCB durational tertile data were tested using Kruskal—
Wallis nonparametric analyses. Cox regression analysis was
used to perform univariate and multivariate analyses of
patient and UCB unit factors and their influence on out-
comes. Mann—Whitney U test was used for statistical com-
parisons of continuous data. A P value of <0.05 was
considered statistically significant.

Results

UCB units were classified based on cryopreservation dura-
tion: <4y, 20 units; 4.1 to 8 y, 39 units; and >8 y, 32 units.
UCB units were analyzed in tertiles based on cryopreserva-
tion duration. Of the 91 enrolled patients, 22 who received
UCB were aged >10 y (UCB recipients aged >12y =6, 11 to
12y =28, and 10 to 11 y = 8). The cryopreservation duration
of UCB units ranged from 0.7 to 13.4 y (Fig. 1). UCB units
were obtained from StemCyte Cord Blood Registry (n = 79)
and the Buddhist Tzu Chi Cord Blood Bank (» =12), both of
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Fig. 1. Umbilical cord blood units (CBUs) by duration of cryopreservation. A total of 32 CBUs were cryopreserved for >8 y.

Table I. The Number of Total Nucleated Cells (TNC) and CD34+ Before Freezing and After Thawing According to the Duration of

Cryopreservation.

TNC (x 107/kg) Post-Thaw CD34 (x 10°/kg) Post-Thaw
Duration
Years N  Before Freezing After Thawing Recovery (%) P Before Freezing After Thawing Recovery (%) P
<4y 20 1.1 + 46 7.1 + 37 653 + 21.6 0.893 43 + 2.1 45 + 34 804 + 25.5 0.42]
41t08y 39 112 + 5.8 81 + 3.6 740 + 11.3 43 + 22 54 + 42 874 + 187
81to 134y 32 139 + 85 9.5 + 45 758 + 212 5.6 + 3.6 6.3 + 4.6 90.0 + 16.8

which are accredited by the National Marrow Donor Pro-
gram. The former one stores cord blood units (CBUs) frozen
with the PD method and the latter with RCR method. The
median TNC dose for the 91 patients was 7.5 x 10’ NC/kg
(range = 2.5 to 19.3 x 10’ NC/kg), and the median CD34+
cell dose was 4.3 x 10°/kg (range = 0.6 to 23.5 x 10°/kg).
Thalassemia was the most common indication for transplant
(48%). Of the 91 transplants, 79 (86%) achieved neutrophil
engraftment at a median of 17 d (range = 12 to 36 d). Median
time to RBC transfusion independence was 35 d (range = 10
to 63 d), and median time to platelet engraftment was 48 d
(range = 24 to 117 d).

No association was found between cryopreservation dura-
tion and neutrophil engraftment probability. Cryopreservation
duration did not significantly impact recovery rates of TNCs
and CD34+ cells (Table 1). None of these attribute variables
were statistically significant by univariate analysis (Table 2).

Discussion

Treatments that use patient-derived cells or patient-
generated induced pluripotent stem cells have dramatically

increased the need for cord blood banking. Previous reports
suggested that short-term cryopreservation had no signifi-
cant impact on clinical outcomes’. A recent study evaluating
clinical outcomes using cryopreserved units only documen-
ted 15 UCB units that were older than 5 y, and no differences
were observed for duration of hospitalization and storage
duration or storage year'®

Minimum TNC doses may vary with the degree of HLA
disparity''. We hypothesized that superior unit quality, as
measured by a higher percentage of viable cells post-thaw,
would determine the outcome of CBT as evaluated by
engraftment. The CBU quality may also be due to the con-
founding effect of age on transplant outcome. However,
these procedures are based on plasma and RBC depletion,
and cell recovery is highly variable'*'. Washing techniques
can also result in unnecessary cell loss of 20% to 25% during
processing'*!, further reducing the infused cell dose. The
present study mainly focuses on cellular recovery.

TNC dose, CD34+ cell counts, and colony-forming cell
(CFC) assays are currently considered to be the most impor-
tant parameters associated with CBT outcomes'®!”. CFC
assays were not routinely performed before 2005. While



518

Cell Transplantation 27(3)

Table 2. Univariate Analysis for Neutrophil Engraftment.?

Engraftment
Parameter Rate (%) 95% Cl P Value
UCB unit cryopreservation, y 0.475
<4 85 0.74 to 0.92
4.1to08 90 0.70 to 0.97
8.1 to 13.4 78 0.45 to 0.97
Pre-freeze TNC (x 107/kg) 0.716
<5 100 0.61 to 1.00
>5 86 0.77 to 0.92
TNC viability 0.748
<75% 85 0.73 to 0.92
>75% 92 0.79 to 0.97
Pre-freeze CD34™" (x 10°/kg) 0.307
<35 8l 0.66 to 0.91
>3.5 9l 0.80 to 0.96
CD347 viability 0.999
<75% 86 0.67 to 0.99
>75% 87 0.77 to 0.93
HLA matching 0.992
6/6 or 5/6 88 0.77 to 0.94
4/6 or less 85 0.70 to 0.94
Recipient gender 0.233
Male 83 0.71 to 0.90
Female 94 0.80 to 0.98
Recipient age, y 0.999
<3 90 0.60 to 0.98
>3 84 0.80 to 0.98
Primary diagnosis 0.788
Thalassemia 85 0.72 to 0.92
Others 89 0.77 to 0.95

Abbreviations: HLA, human leukocyte antigen; Cl, confidence interval;
TNC, total nucleated cell.
2P value of <0.05 was considered statistically significant.

large interlaboratory variability exists in the latter 2 vari-
ables, TNC is a well-standardized surrogate marker of hema-
topoietic progenitor cell content'®. Association of the speed
of engraftment with the TNC dose is overshadowed by its
relationship to the CFC dose, which constitutes a more
predictive index'?. The lack of a standardized method for
CD34+ cell quantification makes it difficult to compare
results among banks®°. CD34+ enumeration may be unre-
liable unless performed using single-platform flow cytome-
try in accordance with International Society for
Hematotherapy and Graft Engineering specifications®'.
Clonogenic cultures produce approximate results because
of the low number of cases.

The present study has several limitations. First, variation
in the UCB collection technique between the 2 different cord
blood banks made it difficult to assess the effectiveness of
the overarching program delivery processes. Second, the use
of 7-AAD is only limited to cell viability and does not pro-
vide qualitative information regarding apoptosis status or
cell necrosis. Third, we could not analyze the impact of
administering cord blood that shares a noninherited maternal
HLA antigen (NIMA) with a mismatched HLA antigen in
the recipient. These NIMAs may be “permissive” HLA

mismatches and could be used to extend the genotypes of
suitable matches for specific donors or CBUs*?. The fact that
there were no significant differences between TNC and
CD34+ counts should be cautiously interpreted.

Our data suggested that, although the cryopreservation
and thawing process may damage cord blood cells and lead
to cell loss, it did not affect the neutrophil engraftment rate.
Future studies on CBT may proceed on the assumption that
cryopreservation duration does not affect hematopoietic
potency; however, this is a small retrospective study in a
heterogeneous cohort. Future, well-powered investigations
should further validate the efficacy of cryopreserved UCB
cells.

Authors’ Note

T. H. Jaing contributed to study concept and design. Y. C. Wen, S.
H. Chen, and T. Y. Chang contributed to data acquisition. P. K.
Tsay contributed to data interpretation and analysis. T. H. Jaing, Y.
C. Wen, and Y. C. Yang drafted the manuscript. T. H. Jaing criti-
cally revised the manuscript.

Acknowledgments

We thank the patients and their caretakers for participating in the
externally audited results.

Ethical Approval

Data analysis using the Pediatric Hematopoietic Stem Cell Program
was approved by the institutional review board of Chang Gung
Memorial Hospital (Approval No.: 104-9676B).

Statement of Human and Animal Rights

This article does not contain any studies with human or animal
subjects, rather data analysis of human medical records.

Statement of Informed Consent

Informed consent was waived because of the retrospective nature of
the study.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: This
work was supported in part by research grant KMRP405 for the
Intractable Diseases from the Ministry of Health and Welfare of
Taiwan.

References

1. Bone Marrow Donors Worldwide. A global database of live-
saving stem cell donors. Available at: http://www.bmdw.org
(accessed 25 January 2017).

2. Ballen KK, Hicks J, Dharan B, Ambruso D, Anderson K,
Bianco C, Bemiller L, Dickey W, Lottenberg R, O’Neill M,
Popovsky M, Skerrett D, Sniecinski I, Wingard JR. Racial and
ethnic composition of volunteer cord blood donors:


http://www.bmdw.org

Jaing et al

519

10.

11.

12.

13.

comparison with volunteer unrelated marrow donors. Transfu-
sion. 2002;42(10):1279-1284.

. Laughlin MJ, Eapen M, Rubinstein P, Wagner JE, Zhang MJ,

Champlin RE, Stevens C, Barker JN, Gale RP, Lazarus HM,
Marks DI, van Rood JJ, Scaradavou A, Horowitz MM. Out-
comes after transplantation of cord blood or bone marrow from
unrelated donors in adults with leukemia. N Engl J Med. 2004;
351(22):2265-2275.

. Mitchell R, Wagner JE, Brunstein CG, Cao Q, McKenna DH,

Lund TC, Verneris MR. Impact of long-term cryopreservation
on single umbilical cord blood transplantation outcomes. Biol
Blood Marrow Transplant. 2015;21(1):50-54.

. Shabbir-Moosajee M, Lombardi L, Ciurea SO. An overview of

conditioning regimens for haploidentical stem cell transplanta-
tion with post-transplantation cyclophosphamide. Am J Hema-
tol. 2015;90(6):541-548.

. Young W. Plasma-depleted versus red cell-reduced umbilical

cord blood. Cell Transplant. 2014;23(4-5):407-415.

. Rubinstein P, Dobrila L, Rosenfield RE, Adamson JW,

Migliaccio G, Migliaccio AR, Taylor PE, Stevens CE. Process-
ing and cryopreservation of placenta/umbilical cord blood for
unrelated bone marrow reconstitution. Proc Natl Acad Sci
USA. 1995;92(22):10119-10122.

. Morkis IV, Farias MG, Rigoni LD, Scotti L, Gregianin LJ,

Daudt LE, Silla LM, Paz AA. Assessment of immature platelet
fraction and immature reticulocyte fraction as predictors of
engraftment after hematopoietic stem cell transplantation. Int
J Lab Hematol. 2015;37(2):259-264.

. Goodwin HS, Grunzinger LM, Regan DM, McCormick KA,

Johnson CE, Oliver DA, Mueckl KA, Alonso JM III, Wall DA.
Long term cryostorage of UC blood units: ability of the integral
segment to confirm both identity and hematopoietic potential.
Cytotherapy. 2003;5(1):80-86.

Parmar S, de Lima M, Worth L, Petropoulos D, Lee D, Cooper
L, Kongtim P, Alousi A, Hosing C, Popat U, Kebriaei P,
McNiece I, Shpall E, Rondon G, Champlin R. Is there an
expiration date for a cord blood unit in storage? Bone Marrow
Transplant. 2014;49(8):1109-1112.

Querol S, Gomez SG, Pagliuca A, Torrabadella M, Madrigal
JA. Quality rather than quantity: the cord blood bank dilemma.
Bone Marrow Transplant. 2010;45(6):970-978.

Arimitage S, Fehily D, Dickinson A, Chapman C, Navarrete C,
Contreras M. Cord blood banking: volume reduction of cord
blood units using a semi-automated closed system. Bone Mar-
row Transplant. 2009;23(5):505-509.

Solves P, Mirabet V, Roig R. Volume reduction in routine
cord blood banking. Curr Stem Cell Res Ther. 2010;5(4):
362-366.

14.

17.

18.

19.

20.

21.

22.

Laroche V, McKenna DH, Moroff G, Schierman T, Kadidlo D,
McCullough J. Cell loss and recovery in umbilical cord blood
processing: a comparison of postthaw and postwash samples.
Transfusion. 2005;45(12):1909-1916.

. McManus MP, Wang L, Calder C, Manes B, Evans M, Bruce

K, Ho RH, Domm J, Frangoul H. Comparison of pre-
cryopreserved and post-thaw-and-wash-nucleated cell count
on major outcomes following unrelated cord blood transplant
in children. Pediatr Transplant. 2012;16(5):438—442.

. Yoo KH, Lee SH, Kim HJ, Sung KW, Jung HL, Cho EJ, Park

HK, Kim HA, Koo HH. The impact of post-thaw colony-
forming units-granulocyte/macrophage on engraftment follow-
ing unrelated cord blood transplantation in pediatric recipients.
Bone Marrow Transplant. 2007;39(9):515-521.

Wagner JE, Barker JN, DeFor TE, Baker KS, Blazar BR,
Eide C, Goldman A, Kersey J, Krivit W, MacMillan ML,
Orchard PJ, Peters C, Weisdorf DJ, Ramsay NK, Davies
SM. Transplantation of unrelated donor umbilical cord
blood in 102 patients with malignant and nonmalignant dis-
eases: influence of CD34 cell dose and HLA disparity on
treatment-related mortality and survival. Blood. 2002;
100(5):1611-1618.

Brand A, Rebulla P, Engelfriet CP, Reesink HW, Beguin Y,
Baudoux E, Kogler G, Ebrahimi M, Grazzini G, Costa AN,
Bosi A, Sacchi N, Lombardini L, Pupella S, Lecchi L, Garci-
duefias ED, van Beckhoven JM, de Wit HJ, Fibbe WE, Zhiburt
EB, Bart T, Beksa¢ M, et al. Cord blood banking. Vox Sang.
2008;95(1):335-348.

Migliaccio AR, Adamson JW, Stevens CE, Dobrila NL, Car-
rier CM, Rubinstein P. Cell dose and speed of engraftment in
placental/umbilical cord blood transplantation: graft progenitor
cell content is a better predictor than nucleated cell quantity.
Blood. 2000;96(8):2717-2722.

Solves P, Planelles D, Mirabet V, Blanquer A, Carbonell-
Uberos F. Qualitative and quantitative cell recovery in umbi-
lical cord blood processed by two automated devices in routine
cord blood banking: a comparative study. Blood Transfus.
2013;11(3):405-411.

Keeney M, Chin-Yee I, Weir K, Popma J, Nayar R, Sutherland
DR. Single platform flow cytometric absolute CD34+ cell
counts based on the ISHAGE guidelines. International Society
of Hematotherapy and Graft Engineering. Cytometry. 1998;
34(2):61-70.

van Rood JJ, Stevens CE, Smits J, Carrier C, Carpenter C,
Scaradavou A. Reexposure of cord blood to noninherited
maternal HLA antigens improves transplant outcome in hema-
tological malignancies. Proc Natl Acad Sci USA. 2009;
106(47):19952-19957.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


