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Introduction

Ganciclovir resistance of human cytomegalovirus is associated with mutations in the viral
UL97 gene and poses severe problems for immunocompromised patients. In this study, PCR-
based restriction fragment length polymorphism and sequencing analyses detected the UL97
D605E mutation in all five clinical isolates from patients with ganciclovir-resistant human
cytomegalovirus infection during prolonged ganciclovir therapy, whereas the M460V
mutation was only present in 1 of 5 isolates. On the other hand, the detection rates of the
D605E mutation in the stored available DNA samples from the donor and allogeneic stem cell
transplantation recipients were 66.7% and 93.7%, respectively, suggesting that the presence of
D605E mutation was not associated with the ganciclovir exposure. Although the D605E
mutation may not be related to ganciclovir resistance, we suggest that this mutation could be
an important molecular marker of human cytomegalovirus evolution in East Asian countries.
Moreover, the restriction fragment length polymorphism method using the restriction enzyme
Haelll, which is generally used to detect the UL97 A591V mutation, could also detect the
D605E mutation and may therefore be a useful tool for future research on the investigation of
UL97 gene mutations.
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contribution to GCV resistance still remains unknown.
Jjichi et al. [15] reported that the D605E mutation confers

Human cytomegalovirus (HCMV) can cause severe
diseases in immunocompromised patients, especially those
with acquired immune deficiency syndrome and transplantation
recipients receiving immunosuppressive therapy [2].
Ganciclovir (GCV) is widely used for treating HCMV
infection or diseases. However, since GCV resistance was
first reported by Erice et al. [13] in 1989, the appearance of
GCV-resistant HCMV has been an issue in the treatment of
HCMYV, particularly among immunocompromised patients.
Numerous GCV-related mutations have been reported [4-
6, 8-10, 12, 16, 18, 22]. The D605E mutation, for example,
was first detected by Alain et al. [1]. Since then, there have
been many reports about the mutation, but its exact

hypersensitivity to GCV by increasing GCV phosphorylation,
whereas other studies have suggested that the mutation is
not related to GCV resistance. Recently, a number of
reports have surveyed the prevalence of D605E [3, 7, 20,
24], and Tanaka et al. [23] suggested that the mutation may
represent a molecular marker of the HCMV strains
circulating in East Asian countries.

In the present study, HCMV clinical isolates from
Korean stem cell transplantation (SCT) recipients with
suspected GCV-resistant HCMV infection or diseases were
tested by restriction fragment length polymorphism (RFLP)
analysis for GCV-related mutations. Furthermore, the
detection rate of the D605E mutation in SCT recipients and
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the donor group was also analyzed.

Materials and Methods

Patients and Blood Samples

GCV resistance was considered as antigenemia that persisted
after 4 weeks of preemptive therapy with GCV or if the level of
antigenemia continued to rise after 3 weeks of GCV therapy,
according to the suggestion of the Centers for Disease Control and
Prevention (CDC) [2]. From 2003 to 2004, HCMVs were isolated
from blood samples of allogeneic SCT patients with suspected
GCV-resistant HCMV infection during preemptive GCV therapy
[17]. To study the detection rate of the D605E mutation, 247
available DNA samples were randomly selected from the stored
blood bank from SCT recipients with HCMV antigenemia through
October 2000 to April 2003, and 13 DNA samples were also selected
from the stored blood bank from donors. The Institutional Review
Board of Seoul St. Mary’s Hospital approved the research protocol
with a waiver of informed consent (KC12SISI0661).

Cells and Viruses

Human foreskin fibroblasts (HFF, CRL-2097) purchased from
American Type Culture Collection (ATCC, Manassas, VA, USA)
were cultured at 37°C in a 5% CO, incubator in Dulbecco’s
modified Eagle’s medium (Cambrex Bio Science Walkersville,
Inc., USA), supplemented with 10% fetal bovine serum (US Bio-
Technologies Inc., USA) and penicillin (100 units/ml)-streptomycin
(100 pg/ml) solution (JBI, Korea). Clinical isolation and plaque
purification of HCMV were performed as previously described
[17].

RFLP Analysis of GCV Resistance-Related UL97 Mutations
Nested PCR-based RFLP was performed to analyze the GCV-
resistant mutations in UL97 at positions 460 (M to V), 520 (H to Q),
591 (A to V), 592 (C to G), 594 (A to V), 595 (L to S or F), 603 (C to

W), and 605 (D to E) [4, 11, 19]. For the first-round PCR, 100 pmol
of primers (2 ul each), 5 ul of 10 mM dNTP, 5 ul of 10x PCR buffer,
5 ul of template DNA, and 0.5 pl of Taq polymerase (5 units/ml)
were mixed with distilled water to a total volume of 50 ul. The
PCR conditions comprised a hot start at 94°C for 2 min; 40 cycles
of 94.5°C for 1min, 55°C for 1min, and 72°C for 1 min; and
extension at 72°C for 5 min. The second-round PCR (Nes 1-3,
Table 1) comprised a hot start at 94°C for 2 min; 40 cycles of 94°C
for 1 min, 58.5°C for 1 min, 72°C for 1 min; and extension at 72°C
for 5 min. The primer sets employed in the PCR are shown in
Table 1. The PCR-amplified fragments were purified using the
QIAquick Gel Extraction Kit (Qiagen, Germany) and digested
with eight different restriction endonucleases (New England
Biolabs, Inc., USA), as indicated in Table 1. The products were
subjected to electrophoresis on 4% agarose gels (MetaPhor Agarose,
Cambrex Bio Science), stained with ethidium bromide, and
photographed using a UV transilluminator. The presence of mutations
was determined by distinctive restriction patterns (Table 1).

Nucleotide Sequence Accession Numbers
GenBank accession numbers for the five clinical HCMYV isolates
are as follows: SM301, AY729049; SM302, AY729050; SM303,
AY659927; SM304, AY659928; and SM305, AY727868.

Results

Assessment of Genotypic GCV Resistance by RFLP
Among Clinical Isolates
Five clinical HCMYV isolates (SM301-305) were recovered
from SCT patients with GCV-resistant HCMV infection.
The PCR-based RFLP analysis was conducted on these
HCMV DNA samples, and the resulting band pattern was
compared with that of the HCMV wild-type strain AD169.
As shown in Fig. 1, the NIalll cleavage at a single site

Table 1. Primer sequences and theoretical patterns of the nested PCR-based RFLP analysis.

Primer sequence

FeR (5-3) Size (bp) Restriction UL97 RELP (bp)
First GTTGGCCGACGCTATCAAAT 776 enzyme mutation — Mutant
GGTCCTCCTCGCAGATTA
Nes1l  GTTGGCCGACGCTATCAAAT 266 Nlalll M460V 201, 65 Not cut
GCATGGGTCGGAAAGCAA Alul H520Q Not cut 247,19
Nes2  CCTCATGCGGCTGTTGGACC 189 Haelll A591V 106, 83 Not cut
CCATGCTCGCCCAGGAGA Fsel C592G Not cut 104, 85
Hhal A594V 59,38,23,18,16,12  59,50,23,18,16
Avall C603W 172,17 104, 68, 17
Haelll D605E 106, 83 83, 61,45
Nes3  CCTCATGCGGCTGTTGGACC 121 Msel L595F 67, 54 67,30, 24
GCAGTGCGTGAGCTTGCCGTTCTT Tagl L5955 Not cut 9, 25
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Fig. 1. RFLP analysis of the PCR-amplified UL97 sequence.

For detection of GCV resistance-related mutations, DNA was obtained
from the HCMV AD169 laboratory strain (lanes 1) or the clinical
HCMV isolates (lane 2, SM304; lane 3, SM303; lane 4, SM305; lane 5,
SM301; lane 6, SM302). The bands resolved on 4% agarose gels are
indicated with their length sizes in bp. The results were consistent
with the theoretical patterns of restriction enzyme digestions (see
Table 1).

resulted in two bands of 201 and 65 bp for the wild-type
AD169 strain and the SM301-304 isolates. In contrast, the
PCR product from SM305 was not cleaved, and therefore
only a single 266 bp band was observed. These results
demonstrated that the HCMV SM305 isolate had the UL97
M460V mutation. Moreover, the UL97 PCR product from
HCMV AD169 could be cleaved once by Haelll at the
sequence encoding alanine (GCC) at position 591, resulting
in the generation of two bands of 106 and 83 bp. Substitution
of this A591 with valine (GTC) changed the Haelll
restriction site from GGCC to GTCC, thereby preventing
cleavage (Table 1). However, surprisingly, three unexpected
bands (83, 61, and 45 bp) were observed for all clinical
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605 Asp 605 Glu
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Fig. 2. Effect of the D605E mutation on Haelll RFLP.
Substitution of aspartate (Asp) at position 605 (GAC, left) with
glutamate (Glu) (GAG, right) resultd in the generation of a new HaelIl
restriction site (GGCC, right).

isolates (Fig. 1). To investigate the presence of these bands
after Haelll digestion, the UL97 PCR products were
sequenced. The result showed that the sequence encoding
aspartate (GAC) at position 605 was substituted with that
encoding glutamate (GAG), thereby generating a new
Haelll restriction site (Fig. 2). In summary, the M460V
mutation was detected only in the clinical HCMV SM305
isolate, whereas the D605E mutation was detected in all
five isolates. No other UL97 mutations were found by the
RFLP analysis performed (Fig. 1), and no mutations in
UL54 were observed in any of the five isolates (data not
shown).

Detection Rate of the D605E Mutation Among Blood
Samples
Among 247 DNA samples from SCT patients, UL97
PCR products could be obtained from 126 samples, 93.7%
(118/126) of which displayed the D605E mutation (Table 2).
Three of 13 DNA samples from the donor group generated
the UL97 PCR products, and the D605E mutation was
detected in 2 (66.7%) (Table 2). Moreover, from among the
129 UL97 PCR positive samples, 22 had been exposed to
GCV (average, 13.7 days) before sample collection, and all
of them had the D605E mutation. Interestingly, the mutation
also existed in 91.6% of the GCV-naive samples (98 of 107).

Discussion

Five clinical HCMV strains were isolated from SCT
recipients with suspected GCV-resistant HCMV infection

Table 2. The detection rate of the D605E mutation among the donor and SCT recipient samples.

Number of HCMV UL97 genotype
Group tmber o . Number of PCR-positive R Detection rate of D605E (%)
DNAemia Wild type D605E
Donor 13 3 1 2 66.7
Recipient 247 126 8 118 93.7
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in the previous study, based on the definition of GCV
resistance suggested by the CDC [2]. Plaque reduction
assays were performed and showed that the SM302 (ICj,,
9.5 uM) and SM305 (IC,y, 44.5 uM) isolates were phenotypically
resistant to GCV [17]. The UL97 M460V mutation, which
was detected in the clinical HCMV SM305 isolate, is known
to be associated with GCV resistance [3]. Since M460 is
located in close proximity to the proposed UL97 ATP-
binding site involved in substrate recognition, mutation of
this amino acid to valine may explain the GCV resistance of
SM305 [14, 21].

On the other hand, the other four isolates (SM301-304)
in the present study contained only the D605E mutation,
and none of them were hypersensitive to GCV. Therefore,
it is unlikely that the D605E mutation is associated with
GCV hypersensitivity and is sufficient to confer GCV
resistance.

A relatively lower detection rate of the D605E mutation
was observed in donors than in SCT recipients (Table 2).
Moreover, all 22 samples from patients treated with GCV
had the D605E mutation, and therefore the possibility that
D605E was a mutation resulting from GCV exposure still
could not be ruled out. Alain et al. [1] and Sanchez Puch et
al. [20] have reported that the D605E mutation may act as a
compensatory mutation for the GCV resistance-related
mutations. Interestingly, the results also showed that the
D605E mutation was present in 98 (91.6%) of 107 GCV-
naive samples, demonstrating that the presence of D605E
was not significantly associated with GCV exposure.
However, the high detection rate of the D605E mutation in
the GCV-naive samples implies that although the mutation
may not be caused by GCV exposure, it may have occurred
naturally in the HCMV strains circulating in Korea. In fact,
Zhou et al. [24] suggested that since the prevalence of the
D605E mutation was 78%, the mutation may be regarded as
a natural sequence variant. In contrast to its low prevalence
among the HCMV strains circulating in Western countries,
the D605E mutation was shown to occur more frequently
(91.8%) in Japan and therefore has been suggested to represent
a genetic marker for the HCMV strains circulating in East
Asian countries [23].

Haelll RFLP analysis is generally used to detect the
HCMYV UL97 A591V mutation; we have shown here, for the
first time, that it can also detect D605E (Figs. 1 and 2).
Therefore, the PCR-based RFLP analysis using Haelll may
aid future research on the prevalence of D605E. Furthermore,
to our knowledge, this is also the first report on the detection
rate of the D605E mutation in Korean SCT recipients and
donors. Although the D605E mutation in HCMV UL97 may

J. Microbiol. Biotechnol.

not be related to GCV hypersensitivity or resistance, we
suggest that it could be a molecular epidemiological
characteristic of the main HCMYV strain circulating in East
Asian countries.

References

1. Alain S, Mazeron MC, Pépin JM, Bergmann JF, Narwa R,
Raskine L, Sanson-Le Pors MJ. 1995. Value of a new rapid
non-radioactive sequencing method for analysis of the
cytomegalovirus UL97 gene in ganciclovir-resistant strains.
J. Virol. Methods 51: 241-251.

2. Centers for Disease Control and Prevention. 2000. Guidelines
for preventing opportunistic infections among hematopoietic
stem cell transplant recipients: recommendations of CDC,
the Infectious Disease Society of America, and the American
Society of Blood and Marrow Transplantation. MMWR
Recomm. Rep. 49(RR-10): 11-14.

3. Chou S. 2008. Cytomegalovirus UL97 mutations in the era
of ganciclovir and maribavir. Rev. Med. Virol. 18: 233-246.

4. Chou S, Erice A, Jordan MC, Vercellotti GM, Michels KR,
Talarico CL, et al. 1995. Analysis of the UL97 phosphotransferase
coding sequence in clinical cytomegalovirus isolates and
identification of mutations conferring ganciclovir resistance.
J. Infect. Dis. 171: 576-583.

5. Chou S, Marousek G, Parenti DM, Gordon SM, LaVoy AG,
Ross JG, et al. 1998. Mutation in region III of the DNA
polymerase gene conferring foscarnet resistance in

cytomegalovirus isolates from three subjects receiving
prolonged antiviral therapy. J. Infect. Dis. 178: 526-530.

6. Chou S, Marousek G, Guentzel S, Follansbee SE, Poscher
ME, Lalezari JP, et al. 1997. Evolution of mutations
conferring multidrug resistance during prophylaxis and
therapy for cytomegalovirus disease. J. Infect. Dis. 176: 786-789.

7. Chou S, Van Wechel LC, Lichy HM, Marousek GI. 2005.
Phenotyping of cytomegalovirus drug resistance mutations
by using recombinant viruses incorporating a reporter gene.
Antimicrob. Agents Chemother. 49: 2710-2715.

8. Chou S, Waldemer RH, Senters AE, Michels KS, Kemble
GW, Miner RC, et al. 2002. Cytomegalovirus UL97
phosphotransferase mutations that affect susceptibility to
ganciclovir. ]. Infect. Dis. 185: 162-169.

9. Chou S, Guentzel S, Michels KR, Miner RC, Drew WL. 1995.
Frequency of UL97 phosphotransferase mutations related to
ganciclovir resistance in clinical cytomegalovirus isolates. J.
Infect. Dis. 172: 239-242.

10. Drew WL, Stempien M], Andrews ], Shadman A, Tan S,
Miner R, et al. 1999. Cytomegalovirus (CMV) resistance in
patients with CMV retinitis and AIDS treated with oral or
intravenous ganciclovir. J. Infect. Dis. 179: 1352-1355.

11. Eckle T, Jahn G, Hamprecht K. 2003. High impact of an
expanded restriction fragment length polymorphism assay



12.

13.

14.

15.

16.

17.

18.

on detection of ganciclovir-resistant UL97 mutants of human
cytomegalovirus. Antimicrob. Agents Chemother. 47: 442-443.
Erice A, Gil-Roda C, Perez JL, Balfour HH, Sannerud KJ,
Hanson MN, et al. 1997. Antiviral susceptibilities and
analysis of UL97 and DNA polymerase sequences of clinical
cytomegalovirus isolates from immunocompromised patients.
J. Infect. Dis. 175: 1087-1092.

Erice A, Chou S, Biron KK, Stanat SC, Balfour Jr HH, Jordan
MC. 1989. Progressive disease due to ganciclovir-resistant
cytomegalovirus in immunocompromised patients. N. Engl.
J. Med. 320: 289-293.

Hanks SK, Quinn AM, Hunter T. 1988. The protein kinase
family: conserved features and deduced phylogeny of the
catalytic domains. Science 241: 42-52.

Jjichi O, Michel D, Mertens T, Miyata K, Eizuru Y. 2002.
GCV in the
cytomegalovirus protein UL97 is partially reconstituted by a
second mutation at D605E. Antiviral Res. 53: 135-142.

Jabs DA, Enger C, Dunn JP, Forman M. 1998. Cytomegalovirus
retinitis and viral resistance: ganciclovir resistance. CMV
Retinitis and Viral Resistance Study Group. ]. Infect. Dis.
177: 770-773.

Lee GC, Lee DG, Choi SM, Yoo JH, Park SH, Choi JH, et al.
2005. Use of time-saving flow cytometry for rapid determination

resistance due to the mutation A594P

of resistance of human cytomegalovirus to ganciclovir. J.
Clin. Microbiol. 43: 5003-5008.

Michel D, Hohn S, Haller T, Jun D, Mertens T. 2001.
Aciclovir selects for ganciclovir-cross-resistance of human
cytomegalovirus in vitro that is only in part explained by

19.

20.

21.

22.

23.

24.

HCMV UL97 D605E Mutation on SCT in Korea 1158

known mutations in the UL97 protein. J. Med. Virol. 65: 70—
76.

Prix L, Hamprecht K, Holzhiiter B, Handgretinger R,
Klingebiel T, Jahn G. 1999. Comprehensive restriction
analysis of the UL97 region allows early detection of
ganciclovir-resistant ~human  cytomegalovirus in an
immunocompromised child. . Infect. Dis. 180: 491-495.
Sénchez Puch SI, Mathet VL, Porta M, Cuestas ML, Oubifa
JR, Videla CM, Salomén HE. 2009. Single and multiple
mutations in the human cytomegalovirus UL97 gene and
their relationship to the enzymatic activity of UL97 kinase
for ganciclovir phosphorylation. Antiviral Res. 84: 194-198.
Séanchez Puch S, Ochoa C, Carballal G, Zala C, Cahn P,
Brunet R, et al. 2004. Cytomegalovirus UL97 mutations
associated with ganciclovir resistance in immunocompromised
patients from Argentina. J. Clin. Virol. 30: 271-275.

Smith IL, Cherrington JM, Jiles RE, Fuller MD, Freeman WR,
Spector SA. 1997. High-level resistance of cytomegalovirus
to ganciclovir is associated with alterations in both the
UL97 and DNA polymerase genes. . Infect. Dis. 176: 69-77.
Tanaka K, Hori T, Yoto Y, Hatakeyama N, Yamamoto M,
Suzuki N, Tsutsumi H. 2011. Human cytomegalovirus UL97
D605E polymorphism has a high prevalence in immunocompetent
Japanese infants and children. Microbiol. Immunol. 55: 328-
330.

Zhou L, Fan ], Zheng SS, Ma WH. 2006. Prevalence of
human cytomegalovirus UL97 D605E mutation in transplant
recipients in China. Transplant. Proc. 38: 2926-2928.

August 2013 | Vol. 23 | No. 8




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


