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CD19+ lineage chimerism,

an early biomarker after
anti-CD19 CAR-T cell therapy
in patients previously receiving
a hematopoietic stem

cell transplantation
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Treatment targeting CD19 by a chimeric antigen receptor expressed on T cells
(anti-CD19 CAR-T) has led to a breakthrough in the management and
treatment of relapsed and refractory B- cell acute lymphoblastic leukemia
(B-ALL). After infusion, the efficacy of anti-CD19 CAR-T is monitored by bone
marrow negative minimal residual disease and the absence of peripheral CD19™*
B lymphocytes (B-cell aplasia). In patients who have received an allogenic
Hematopoietic Stem Cell Transplantation (HSCT) prior to treatment with anti-
CD19 CAR-T, monitoring lineage-specific chimerism could be helpful. We
found that on 4 patients who received anti-CD19 CAR-T cells after HSCT and
achieved early complete response, CD19" lineage mixed chimerism but not
CD3" lineage mixed chimerism monitored by molecular techniques
anticipated earlier than B-cell aplasia determined by flow cytometry, lack of
effectiveness of anti-CD19 CAR-T and leukemia relapse. Donor lymphocyte
infusions (DLIs) did not prevent relapse but recovered CD3" full donor
chimerism. We suggest that continuous lineage chimerism analysis should be
done routinely in patients who receive anti-CD19 CAR-T cells after HSCT and
achieve complete remission because it can support early treatment
intervention. However, the role of DLI in this setting is unclear, so further
prospective studies should be developed.
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Introduction

Leukemia relapse remains the main treatment failure after
chimeric antigenic receptor targeting CD19 expressed on T
lymphocytes (antiCD19 CAR-T). Prolonged B-cell aplasia is a
well-known side effect after anti-CD19 CAR-T due to on-target,
off-tumor effect (1). Early B-cell recovery, normally 6 months
after infusion, determined by flow cytometry, indicates anti-
CD19 CAR-T loss of function, limited expansion and
persistence. It is used as a biomarker to recommend allogenic
hematopoietic stem cell transplantation (HSCT) or anti-CD19
CAR-T reinfusion.

HSCT is considered standard treatment for high-risk B-cell
leukemia, requiring chimerism monitoring with short tandem
repeats (STR) by polymerase chain reaction (PCR) to test graft
function and predict patient outcome (2). Prospective studies
show that patients with B-cell acute leukemia with increasing
mixed chimerism have greater risk of relapse (3, 4), thus
immunosuppression withdrawal and/or administration of
donor lymphocyte infusion (DLI) (5) is recommended.

Clinical data report a wide range (20-81%) of patients who
received anti-CD19 CAR-T after at least one previous HSCT (6).
However, in these patients, chimerism data of the anti-CD19 CAR-
T cell product before infusion are scarce and chimerism monitoring
after infusion is not well established. The source of chimerism looks
not relevant because several clinical trials show no difference in the
complete remission rate whether patients received previous HSCT
or not (7, 8). However, we would expect full donor chimerism in
patients who achieved early complete remission and the appearance
of recipient cells would be indicative of early stage leukemia relapse
and could require treatment (9-11) with DLIs, anti-CD19 CAR-T
reinfusion or a second HSCT. Hence, post remission chimerism
monitoring could be helpful.

Methods

Chimerism analysis was performed by PCR-STR using nine
polymorphic, autosomal non-coding STR loci, and Amelogenin.
Oligonucleotide amplification mixes were designed and
validated in-house. Specificity, informativeness and sensitivity
were established by using local artificial DNA mixtures and
external proficiency testing. Amplification conditions were
defined to achieve the detection of at least a 2% of the minor
component. In order to avoid possible variations in the
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sensitivity, at least two informative STR systems were
employed to give a final result.

The CD3" and CD19" lymphocyte subsets were obtained by
using direct immunomagnetic procedures (Stemcell
Technologies, Cambridge, MA). The purity of the isolated
lymphocytes samples obtained with these reagents was
previously validated by flow cytometry, and a minimum of
95% of the target lymphocyte subset was consistently obtained.

Amplifications used 2 ng of genomic DNA with subsequent
capillary electrophoresis in a Genetic Analyzer 3130x]1 (Applied
Biosystems; Waltham, MA) according to manufacturer
recommendations, with Fragment Analysis 4.0 software
(Applied Biosystems).

The HIV viral load was measured by quantitative real time
PCR (COBAS AmpliPrep/COBAS TagMan HIV Test by Roche
Molecular diagnostics). During CAR-T engineering, lentiviral
vectors which contain portions of the HIV viral genome are used
to transduce T-cells of patient’s ex-vivo, becoming integrated
into the genomes of these transfected cells that later are infused
into patients. The research protocol for generating
tisagenlecleucel use a lentiviral vector that contained the HIV
LTR and gag gene sequences and the COBAS AmpliPrep/
COBAS TagMan HIV Test detects these both sequences, so is
accepted to use it as an indirect method to measure the CAR-T.

Immunophenotyping of peripheral blood B lymphocytes
(CD19+) was performed by a multiparametric flow cytometry
analysis during the follow-up. Peripheral blood was stained for
surface markers with the following fluorochrome-conjugated
anti-CD19 antibody (Beckman Coulter): anti-CD19 PC7
(clone J3-119). Cells were acquired on DxFlex cytometer
(Beckman Coulter). The analysis was performed with
Kaluza™™ Analysis Software v2.1 (Beckman Coulter).

Result and discussion
Patients and results
Clinical and biological features of each patient and frontline

treatment regimen are shown in Table 1. All patients received
fludarabine and cyclophosphamide as lymphodepletion regimen.

Patient 1

A 17-year-old male diagnosed with high-risk t (1:19) B-ALL
relapsing 20 months after a matched unrelated donor (MUD)
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TABLE 1 Summarize of patients with diagnosis, frontline treatment, salvage treatment, outcome and follow up.

Patient 1 2 3 4
Patient 1 Patient 2 Patient 3 Patient 4
Gender M F M M
Age at diagnosis (years) 17 0.5 4 2
Diagnosis B-ALL B-ALL B-ALL B-ALL
Prior treatment regimen SEHOP-PHETEMA INTERFANTO06 SEHOP-PHETEMA SEHOP-PHETEMA
2013 2013 2013

1°* Allo-HSCT (before CAR-T cell therapy) MUD MUD MRD MUD
Number of CAR-T cells/Kg 1.7 x 10° 2.7 x 10° 3.3 x 10° 2.3x 10°
Chimerism during follow up

Bone marrow mononuclear cells Complete Complete Complete Complete

Maximum autologous % CD3" cells (months after CAR-T cell Mixed 7%. (4.5) Complete Complete Complete

therapy) in PB

Maximum autologous % CD19" cells (months after CAR-T cell Complete Mixed 5% (1.5) Mixed 6% (3) Mixed 7% (6.5)
therapy) in PB
B cell aplasia (months after CAR-T cell therapy) Maintained Maintained Lost (3) Maintained
Relapse type (months after CAR-T cell therapy) No Yes, node CD19” No Yes, medullar CD19

©) (©)

Donor lymphocytes infusion (number) 7 8 0 3
2" Allo-HSCT after CAR-T cell therapy No Yes, haplo Yes, haplo Yes, haplo
Current status (months after 2"¢ HSCT) Alive in CR Alive in CR (5) Alive in CR (12) Alive in CR (3)

F, female; M, male; Allo-HSCT, Allogeneic hematopoietic stem cell transplant; CAR-T, chimeric antigenic receptor T cell; MUD, matched unrelated donor; MRD, matched related donor;

PB, peripheral blood; CR, Complete remission.

HSCT, received tisagenlecleucel, 1.7 x 10° cells/kg. Developed
grade II cytokine release syndrome (CRS). Early evaluation
showed complete response and full donor chimerism. Bone
marrow and peripheral blood chimerism, minimal residual
disease (MRD), peripheral HIV viral load and B-cell aplasia
were monitored. He presented peripheral blood mixed
chimerism in CD3", with a gradual maximal 7% increase 4.5
months after anti-CD19 CAR-T infusion. HIV viral load ranged
from a minimum, 2 weeks after infusion, of 4.82 x 10" cop/ml to a
maximum of 3.07 x 10* cop/ml, eleven months post infusion. B-
cell aplasia and negative MRD maintained. Infused donor
CD45RA™ T cells monthly to restore T cell donor chimerism
and minimize graft versus host disease (GvHD). Mixed
chimerism decreased progressively reaching complete donor
chimerism 8 months later, after 7 DLIs. Currently, 24 months
after anti-CD19 CAR-T infusion, he is in complete remission
(CR) and GvHD free (Figure 1A).

Patient 2

A 13-month female with mixed-lineage leukemia (MLL)-
rearranged leukemia B-ALL relapsing 5 months after MUD,
received tisagenlecleucel 2.7 x 10° cells/kg. Presented grade II
CRS. Early evaluation showed CR and full donor chimerism.
Soon after (1.5 months), she presented recipient (5%) CD19*
chimerism but negative MRD, maintaining B-cell aplasia and
detecting HIV viral load (range of 3.3 x 10 cop/ml to 3.32 x 10*
cop/ml throughout follow-up). Infused monthly CD45RA™ T
cells achieving full donor chimerism after 8 DLIs. However, 9
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months after antiCD19 CAR-T infusion, she presented an
isolated extramedullary relapse (cervical node relapse). She
underwent resection and a second HSCT (haploidentical
donor). Currently, she continues leukemia-free 5 months after
HSCT, with full donor chimerism (Figure 1B).

Patient 3

A 5-year-old male with a CRLF2 overexpression B-ALL
relapsing nineteen months after a match related donor
(MRD), received tisagenlecleucel 3.28 x 10° cells/kg. After
infusion, no CRS. First evaluation after CAR-T therapy, found
CD19" recipient chimerism, maximal 6%, and presence of
CD19" B lymphocytes (maximal 590/uL), with a progressive
decrease of HIV viral load (from 3.9 x 10° cop/ml to 1.55 x 10*
cop/ml) but negative MRD. Four months after anti-CD19 CAR-
T infusion, second HSCT (haploidentical donor). Currently, he
continues leukemia-free 12 months after haplo-HSCT with full
donor chimerism (Figure 1C).

Patient 4

A 3-year-old male with RUNXI1+ B-ALL relapsing nine
months after MUD HSCT, received tisagenlecleucel 2.3 x 10°
cell/kg. Developed grade II CRS and grade III immune effector
cell-associated neurotoxicity syndrome (ICANS) requiring
treatment with tocilizumab and steroids, with good response
and recovery. Early evaluation showed complete response and
full donor chimerism. He presented peripheral blood mixed
chimerism in CD19" cells at 5 months of anti-CD19 CAR-T
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This graph summarizes the evolution, in each patient, of several biomarkers in the post-CART period. These are the autologous chimerism in
CD3 lineage (green line) and CD19 lineage (red line), the HIV viral load measured by PCR, the absolute number of CD19 lymphocytes and the
minimal residual disease, measured both by flow cytometry. In patients #1 (A) and #2 (B), it is observed that the presence of chimerism in the
CD3 lineage is not associated with a loss of CART function or with relapse and can also be reversed with periodic infusions of donor
lymphocytes. In patient #3 (C), it is shown that the appearance of autologous CD19 chimerism precede the loss of B lymphocyte aplasia and
decreased HIV load, constituting an earlier marker of risk of disease relapse. Finally, in patient #4 (D), it is evident that the mixed chimera in
CD19 lineage is directly associated with the relapse of the disease, being in this case much more useful than monitoring the B lymphocyte

aplasia, which remain unchanged in this patient.

infusion. HIV viral load decreased progressively (from 4.9 x 10°
cop/ml to 1.98 x 10* cop/ml) but B-cell aplasia and negative
MRD maintained. On day +180 after infusion, monthly donor
CD45RA" T cell infusions, to restore T cell donor chimerism and
minimize GvHD. After the third DLI, recipient CD19"
chimerism persisted and an isolated medullary relapse was
confirmed. Patient received chemotherapy and haploidentical
HSCT. Relapse 5 months later and, after salvage therapy, a third
haploidentical HSCT was performed. Currently in CR 3 months
after transplant (Figure 1D).

Discussion

Including lineage specific chimerism in follow-up of patients
with r/r B-ALL receiving anti-CD19" CAR-T therapy after an
allogeneic HSCT, has proven to be very useful. We believe PCR-
STR for CD19" and/or CD3" lineage-specific analysis is the best
method because it requires a very low amount of DNA.

In candidates for CAR-T cell therapy after a previous HSCT,
among the CD3" cells, mixed chimerism with a maximum of 5%
autologous cells before apheresis is accepted (12). This may
remain after CAR-T infusion and is allowed because, as shown
in patient #1, it is not related with a worse outcome, and can be
reverted with serial DLIs.
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Nevertheless, our findings (patients #2 and #4) show the loss
of completed chimerism observed in the CD19" cells subset
could be associated with a higher risk of relapse, even if not
accompanied by a loss of CD19" lymphocyte aplasia or a
significant decrease in HIV viral load (patient #2), being the
last one an indirect biomarker which could associate cross-
reactions with HIV infection, leading to false-positive results
(13-15). Although there is not enough evidence on optimal
treatment in this case, our findings, supported by other
publications (16), suggest that DLI may be not as effective as
in other settings (17). Given these are usually very heavily pre-
treated patients, they have probably developed resistance to DLIs
regardless of a return to complete B lineage chimerism, as in
patient #2.

In patient #3, mixed chimerism of the CD19" line is an
earlier marker of relapse than the loss of B lymphocyte aplasia. T

A specific loss of chimerism of the B lineage suggests that the
minimum number of CD19 B lymphocytes detected would
represent a very early stage of leukemia relapse, since they imply
not only the loss of the effect of the allogeneic graft infused in the
HSCT but also a loss of CAR-T antileukemia activity, whose effect
can only be guaranteed if B cell aplasia is maintained. Thus,
monitoring lineage specific chimerism in the first 6-12 months
after CAR-T therapy could be crucial to anticipate interventions
before relapse, as occurs today with the loss of B lymphocyte aplasia.

frontiersin.org


https://doi.org/10.3389/fimmu.2022.960412
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Martinez-Romera et al.

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material. Further
inquiries can be directed to the corresponding author.

Author contributions

Contribution: IM-R, BG-M, and VG-G fulfilled the clinical and
biological database; AB performed the chimerism molecular study;
IM-R and BR made the graphic design; ESZ performed the
immunological study; IM-R, AP-M, and AB wrote the paper and all
authors discussed the results and commented on the paper. All
authors contributed to the article and approved the submitted version.

Funding

This work was supported by the National Health Service of
Spain, Carlos IIT Health Institute (ISCIII), FONDOS FEDER
grant (FIS) P118/01301 and ICI19/00052 and CRIS Foundation
to Beat Cancer, https://criscancer.org/en/.

References

1. Bhoj VG, Arhontoulis D, Wertheim G, Capobianchi J, Callahan CA, Ellebrecht
CT, et al. Persistence of long-lived plasma cells and humoral immunity in individuals
responding to CD19-directed CAR T-cell therapy. Blood (2016) 128(3):360-70. doi:
10.1182/blood-2016-01-694356

2. Antin JH, Childs R, Filipovich AH, Giralt S, Mackinnon S, Spitzer T, et al.
Establishment of complete and mixed donor chimerism after allogeneic
lymphohematopoietic transplantation: recommendations from a workshop at the
2001 tandem meetings of the international bone marrow transplant registry and the
American society of blood an. Biol Blood Marrow Transplant (2001) 7(9):473-85. doi:
10.1053/bbmt.2001.v7.pm11669214

3. Bader P, Holle W, Klingebiel T, Handgretinger R, Benda N, Schlegel PG, et al.
Mixed hematopoietic chimerism after allogeneic bone marrow transplantation:
The impact of quantitative PCR analysis for prediction of relapse and graft
rejection in children. Bone Marrow Transplant (1997) 19(7):697-702. doi:
10.1038/sj.bmt.1700721

4. Bader P, Beck J, Frey A, Schlegel PG, Hebarth H, Handgretinger R, et al. Serial and
quantitative analysis of mixed hematopoietic chimerism by PCR in patients with acute
leukemias allows the prediction of relapse after allogeneic BMT. Bone Marrow
Transplant (1998) 21(5):487-95. doi: 10.1038/sj.bmt.1701119

5. Chan WYK, Kwok JSY, Chiang AKS, Chan GCF, Lee PPW, Ha S-Y, et al.
Repeated CD45RA-depleted DLI successfully increases donor chimerism in a patient
with beta-thalassemia major after haploidentical stem cell transplant. Pediatr Transplant
(2021) 25(5):¢13945. doi: 10.1111/petr.13945

6. Bartolo-Ibars A, Uribe-Herranz M, Mufioz-Sanchez G, Arnaldos-Pérez C,
Ortiz-Maldonado V, Urbano-Ispizua A, et al. Car-t after stem cell
transplantation in b-cell lymphoproliferative disorders: Are they really
autologous or allogenic cell therapies? Cancers (Basel) (2021) 13(18):1-13. doi:
10.3390/cancers13184664

7. Park JH, Riviére I, Gonen M, Wang X, Sénéchal B, Curran KJ, et al. Long-
term follow-up of CD19 CAR therapy in acute lymphoblastic leukemia. N Engl |
Med (2018) 378(5):449-59. doi: 10.1056/NEJMo0al709919

8. Gardner RA, Finney O, Annesley C, Brakke H, Summers C, Leger K, et al.
Intent-to-treat leukemia remission by CD19 CAR T cells of defined formulation
and dose in children and young adults. Blood (2017) 129(25):3322-31. doi:
10.1182/blood-2017-02-769208

Frontiers in Immunology

05

10.3389/fimmu.2022.960412

Acknowledgments

University Hospital La Paz and CRIS Cancer Unit provided
the clinical data. Molecular analysis is supported by Transfusion
Centre of Madrid.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

9. Preuner S, Peters C, Potschger U, Daxberger H, Fritsch G, Geyeregger R, et al. Risk
assessment of relapse by lineage-specific monitoring of chimerism in children
undergoing allogeneic stem cell transplantation for acute lymphoblastic leukemia.
Haematologica (2016) 101(6):741-6. doi: 10.3324/haematol.2015.135137

10. Lion T, Daxberger H, Dubovsky J, Filipcik P, Fritsch G, Printz D, et al.
Analysis of chimerism within specific leukocyte subsets for detection of residual or
recurrent leukemia in pediatric patients after allogeneic stem cell transplantation.
Leukemia (2001) 15(2):307-10. doi: 10.1038/sj.Jeu.2402017

11. Bader P, Kreyenberg H, Hoelle W, Dueckers G, Handgretinger R, Lang P,
et al. Increasing mixed chimerism is an important prognostic factor for unfavorable
outcome in children with acute lymphoblastic leukemia after allogeneic stem-cell
transplantation: Possible role for pre-emptive immunotherapy? J Clin Oncol (2004)
22(9):1696-705. doi: 10.1200/JC0O.2004.05.198

12. Siglin J, Lutfi F, Bukhari A, Holtzman NG, Kim DW, Ali MM, et al. Pseudo-
allogeneic CAR-T therapy after allogeneic stem cell transplantation in Relapsed/
Refractory b-cell NHL. Blood (2020) 136(Supplement 1):22-3. doi: 10.1182/blood-
2020-136187

13. Hauser JR, Hong H, Babady NE, Papanicolaou GA, Tang Y-W. False-positive
results for human immunodeficiency virus type 1 nucleic acid amplification testing in
chimeric antigen receptor T cell therapy. J Clin Microbiol (2019) 58(1):1-6. doi: 10.1128/
JCM.01420-19

14. Ariza-Heredia EJ, Granwehr BP, Viola GM, Bhatti M, Kelley JM, Kochenderfer J,
et al. False-positive HIV nucleic acid amplification testing during CAR T-cell therapy.
Diagn Microbiol Infect Dis (2017) 88(4):305-7. doi: 10.1016/j.diagmicrobio.2017.05.016

15. Laetsch TW, Maude SL, Milone MC, Davis KL, Krueger J, Cardenas AM, et al.
False-positive results with select HIV-1 NAT methods following lentivirus-based
tisagenlecleucel therapy. Blood (2018) 131(23):2596-8. doi: 10.1182/blood-2017-12-
822940

16. Lutfi F, Holtzman N, Siglin J, Bukhari A, Mustafa Ali M, Kim D, et al. Chimeric
antigen receptor T-cell therapy after allogeneic stem cell transplant for relapsed/
refractory large b-cell lymphoma. Br J Haematol (2021) 192(1):212-6. doi: 10.1111/
bjh.17121

17. Dietz AC, Wayne AS. Cells to prevent/treat relapse following allogeneic
stem cell transplantation. Hematology (2017) 2017(1):708-15. doi: 10.1182/
asheducation-2017.1.708

frontiersin.org


https://criscancer.org/en/
https://doi.org/10.1182/blood-2016-01-694356
https://doi.org/10.1053/bbmt.2001.v7.pm11669214
https://doi.org/10.1038/sj.bmt.1700721
https://doi.org/10.1038/sj.bmt.1701119
https://doi.org/10.1111/petr.13945
https://doi.org/10.3390/cancers13184664
https://doi.org/10.1056/NEJMoa1709919
https://doi.org/10.1182/blood-2017-02-769208
https://doi.org/10.3324/haematol.2015.135137
https://doi.org/10.1038/sj.leu.2402017
https://doi.org/10.1200/JCO.2004.05.198
https://doi.org/10.1182/blood-2020-136187
https://doi.org/10.1182/blood-2020-136187
https://doi.org/10.1128/JCM.01420-19
https://doi.org/10.1128/JCM.01420-19
https://doi.org/10.1016/j.diagmicrobio.2017.05.016
https://doi.org/10.1182/blood-2017-12-822940
https://doi.org/10.1182/blood-2017-12-822940
https://doi.org/10.1111/bjh.17121
https://doi.org/10.1111/bjh.17121
https://doi.org/10.1182/asheducation-2017.1.708
https://doi.org/10.1182/asheducation-2017.1.708
https://doi.org/10.3389/fimmu.2022.960412
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	CD19+ lineage chimerism, an early biomarker after anti-CD19 CAR-T cell therapy in patients previously receiving a hematopoietic stem cell transplantation
	Introduction
	Methods
	Result and discussion
	Patients and results
	Patient 1
	Patient 2
	Patient 3
	Patient 4

	Discussion

	Data availability statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /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
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


