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Cancer cells are metabolically altered cells characterized 
by higher glucose uptake. Understanding cancer cells is 
vital in cancer therapy. We aimed to analyze glucose 
starvation effect on cell viability parameters in healthy 
(BEAS-2B) and cancer (A549) cells. We analyzed mTOR, 
p21, caspase-3, beclin-1, ATG-12 mRNA levels in cells 
after 8-h and 24-h starvations. We also counted senescent 
cells post-starvation. Starvation decreased cell viability in 
both cell types whereas prolonged starvation kept reducing 
cell viability just in A549 cells. Along with elevated p21 
mRNA levels, we detected more senescent cells in A549 
than in BEAS-2B after starvation. Increased mTOR 
expression supported senescence profile in cancer cells at 
8-hour-starvation unlike healthy cells. Autophagy marker 
expression increased after-starvation in both cell lines except 
reduction in BEAS-2B cells after 8-h-starvation. Caspase-3 
expression did not change in BEAS-2B cells while increased 
in A549 cells at 8-hour-starvation. As to 24-hour-starvation, 
caspase-3 was upregulated in both cells, however, it was 
higher in cancer cells compared to healthy cells. We suggest 
that cell viability parameters of healthy and cancer cells 
were negatively affected by prolonging glucose starvation. 
Our results demonstrated that glucose starvation had more 
negative effects on cancer cells than healthy cells.

Key words: apoptosis, autophagy, cancer cell, cell viability, 
glucose starvation, senescence.

ÂÏËÈÂ ÃËÞÊÎÇÍÎÃÎ ÃÎËÎÄÓÂÀÍÍß
ÍÀ ÏÀÐÀÌÅÒÐÈ ÆÈÒÒªÇÄÀÒÍÎÑÒ² ÊË²ÒÈÍ
Ç ÊË²ÒÈÍÍÈÕ Ë²Í²É A549 ÒÀ BEAS-2B

Ðàêîâ³ êë³òèíè – öå êë³òèíè ç³ çì³íåíèì ìåòà-
áîë³çìîì, ÿê³ õàðàêòåðèçóþòüñÿ âèñîêèì ð³âíåì 
ñïîæèâàííÿ ãëþêîçè. Ðîçóì³ííÿ ðàêîâèõ êë³òèí º
íàäçâè÷àéíî âàæëèâèì äëÿ ë³êóâàííÿ ðàêó. Ìåòîþ
íàøîãî äîñë³äæåííÿ áóëî ïðîàíàë³çóâàòè âïëèâ ãëþ-
êîçíîãî ãîëîäóâàííÿ íà ïàðàìåòðè æèòòºçäàòíîñò³ 
çäîðîâèõ (BEAS-2B) òà ðàêîâèõ (A549) êë³òèí. Ìè
ïðîàíàë³çóâàëè ð³âí³ ìÐÍÊ mTOR, p21, êàñïàçè-3,
áåêë³íó-1, ATG-12 â êë³òèíàõ ï³ñëÿ ãîëîäóâàííÿ 

âïðîäîâæ 8 òà 24 ãîä ³ ï³äðàõóâàëè ê³ëüê³ñòü ñòàð³þ-
÷èõ êë³òèí. Ãîëîäóâàííÿ çíèçèëî æèòòºçäàòí³ñòü 
îáîõ òèï³â êë³òèí, ó òîé ÷àñ ÿê òðèâàëå ãîëîäóâàí-
íÿ ïðîäîâæóâàëî çíèæóâàòè æèòòºçäàòí³ñòü ëèøå 
êë³òèí ë³í³¿ A549. Ï³ñëÿ ãîëîäóâàííÿ ìè âèÿâèëè 
ï³äâèùåí³ ð³âí³ ìÐÍÊ p21, à òàêîæ á³ëüøå ñòàð³þ-
÷èõ êë³òèí ó ë³í³¿ A549, í³æ BEAS-2B. Íà â³äì³íó 
â³ä çäîðîâèõ êë³òèí, ï³äâèùåíèé ð³âåíü åêñïðåñ³¿ 
mTOR ñïðèÿâ ïðîô³ëþ ñòàð³ííÿ ðàêîâèõ êë³òèí 
ïðè ãîëîäóâàíí³ âïðîäîâæ 8 ãîä. Ð³âåíü åêñïðåñ³¿ 
ìàðêåðó àóòîôàã³¿ ï³äâèùèâñÿ ï³ñëÿ ãîëîäóâàííÿ â 
îáîõ êë³òèííèõ ë³í³ÿõ, îêð³ì çíèæåííÿ ó êë³òèíàõ 
BEAS-2B ï³ñëÿ ãîëîäóâàííÿ âïðîäîâæ 8 ãîä. Ð³-
âåíü åêñïðåñ³¿ êàñïàçè-3 íå çì³íèâñÿ â êë³òèíàõ 
BEAS-2B, îäíàê ï³äâèùèâñÿ â êë³òèíàõ A549 ïðè
ãîëîäóâàíí³ âïðîäîâæ 8 ãîä. Ùî ñòîñóºòüñÿ ãîëîäó-
âàííÿ âïðîäîâæ 24 ãîä, ñïîñòåð³ãàëîñü ï³äâèùåííÿ 
ðåãóëÿö³¿ êàñïàçè-3 â îáîõ òèïàõ êë³òèí, îäíàê, 
âèùèì âîíî áóëî â ðàêîâèõ êë³òèíàõ ïîð³âíÿíî ç³
çäîðîâèìè. Ìè ïðèïóñêàºìî, ùî òðèâàë³øå ãëþ-
êîçíå ãîëîäóâàííÿ ìàëî íåãàòèâíèé âïëèâ íà ïà-
ðàìåòðè æèòòºçäàòíîñò³ çäîðîâèõ ³ ðàêîâèõ êë³òèí. 
Íàø³ ðåçóëüòàòè ïðîäåìîíñòðóâàëè, ùî ãëþêîçíå 
ãîëîäóâàííÿ ìàëî á³ëüø íåãàòèâíèé âïëèâ íà ðà-
êîâ³ êë³òèíè, í³æ íà çäîðîâ³.

Êëþ÷îâ³ ñëîâà: àïîïòîç, àóòîôàã³ÿ, ðàêîâà êë³òèíà, 
æèòòºçäàòí³ñòü êë³òèí, ãëþêîçíå ãîëîäóâàííÿ, ñòà-
ð³ííÿ.

REFERENCES

 Allavena G, Boyd C, KS Oo et al. (2016) Suppres-
sed translation and ULK1 degradation as potential
mechanisms of autophagy limitation under prolonged
starvation. Autophagy 12:2085–2097. doi: 10.1080/155
48627.2016.1226733

 Aykin-Burns N, IM Ahmad Y Zhu et al. (2009) In-
creased levels of superoxide and H2O2 mediate the 
differential susceptibility of cancer cells versus nor-
mal cells to glucose deprivation Biochem J 418:29–
37. doi: 10.1042/BJ20081258

 Ben-Porath I, Weinberg RA. (2005) The signals and path-
ways activating cellular senescence Int J Biochem Cell 
Biol 37:961–976. doi: 10.1016/j.biocel.2004.10.013

 Braun F, Bertin-Ciftci J, Gallouet AS et al. (2011) 
Serum-nutrient starvation induces cell death medi-
ated by Bax and Puma that is counteracted by p21 
and unmasked by Bcl-x(L) inhibition. PLoS One 
6:e23577. doi: 10.1371/journal.pone.0023577

 Bray F, Ferlay J, Soerjomataram I et al. (2018) Global can-
cer statistics 2018: GLOBOCAN estimates of incidence 
and mortality worldwide for 36 cancers in 185 countries. 
CA Cancer J Clin 68:394–424. doi: 10.3322/caac.21492

 Danhier P, Banski P, Payen VL et al. (2017) Cancer 
metabolism in space and time: Beyond the Warburg 
effect. Biochim Biophys Acta Bioenerg 1858:556–
572. doi: 10.1016/j.bbabio.2017.02.001© B.G. ÇETINER, M.Y. TERZI, 2022



75ISSN 0564–3783. Öèòîëîã³ÿ ³ ãåíåòèêà. 2022. Ò. 56. ¹ 1

Ðåôåðàòè ñòàòåé, îïóáë³êîâàíèõ â «Cytology and Genetics», ¹ 1, 2022 ð.

 Di X, Shiu RP, Newsham IF et al. (2009) Apoptosis, 
autophagy, accelerated senescence and reactive oxy-
gen in the response of human breast tumor cells to 
adriamycin Biochem Pharmacol 77:1139–1150. doi: 
10.1016/j.bcp.2008.12.016

 Du C, Fang M, Li Y et al. (2000) Smac, a mitochon-
drial protein that promotes cytochrome c-dependent 
caspase activation by eliminating IAP inhibition. 
Cell 102:33–42 

 Endo H, Owada S, Inagaki Y et al. (2018) Glucose 
starvation induces LKB1-AMPK-mediated MMP-
9 expression in cancer cells Sci Rep 8:10122. doi: 
10.1038/s41598-018-28074-w

 He N, Kim N, Jeong E et al. (2016) Glucose starvation 
induces mutation and lineage-dependent adaptive 
responses in a large collection of cancer cell lines Int 
J Oncol 48:67–72. doi: 10.3892/ijo.2015.3242

 Jangamreddy JR, Jain MV, Hallbeck AL et al. (2015) 
Glucose starvation-mediated inhibition of salinomy-
cin induced autophagy amplifies cancer cell specific 
cell death Oncotarget 6:10134–10145. doi: 10.18632/
oncotarget.3548

 Khan MR, Xiang S, Song Z et al. (2017) The p53-induc-
ible long noncoding RNA TRINGS protects cancer 
cells from necrosis under glucose starvation. EMBO 
J 36:3483–3500. doi: 10.15252/embj.201696239

 Koppenol WH, Bounds PL, Dang CV (2011) Otto 
Warburg’s contributions to current concepts of can-
cer metabolism Nat Rev Cancer 11:325–337. doi: 
10.1038/nrc3038

 Koukourakis MI, Giatromanolaki A, Harris AL et al. (2006) 
Comparison of metabolic pathways between cancer cells 
and stromal cells in colorectal carcinomas: a metabolic 
survival role for tumor-associated stroma Cancer Res 
66:632–637. doi: 10.1158/0008-5472.CAN-05-3260

 Lee C, Raffaghello L, Brandhorst S et al. (2012) Fasting 
cycles retard growth of tumors and sensitize a range 
of cancer cell types to chemotherapy Sci Transl Med 
4:124ra127. doi: 10.1126/scitranslmed.3003293

 Liu C, DeRoo EP, Stecyk C et al. (2015) Impaired 
autophagy in mouse embryonic fibroblasts null for 
Kruppel-like Factor 4 promotes DNA damage and 
increases apoptosis upon serum starvation Mol Can-
cer 14:101. doi: 10.1186/s12943-015-0373-6

 Ma L, Wei J, Wan J et al. (2019) Low glucose and metfor-
min-induced apoptosis of human ovarian cancer cells 
is connected to ASK1 via mitochondrial and endoplas-
mic reticulum stress-associated pathways J Exp Clin 
Cancer Res 38:77. doi: 10.1186/s13046-019-1090-6

 Macip S, Igarashi M, Fang L et al. (2002) Inhibition 
of p21-mediated ROS accumulation can rescue p21-
induced senescence EMBO J 21:2180–2188. doi: 
10.1093/emboj/21.9.2180

 Mendivil-Perez M, Jimenez-Del-Rio M, Velez-Pardo C. 
(2013) Glucose starvation induces apoptosis in a model 
of acute T leukemia dependent on caspase-3 and apop-
tosis-inducing factor: a therapeutic strategy Nutr Can-

cer 65:99–109. doi: 10.1080/01635581.2013.741751
 Neufeld TP. (2010) TOR-dependent control of autoph-

agy: biting the hand that feeds Curr Opin Cell Biol 
22:157–168. doi: 10.1016/j.ceb.2009.11.005

 Papinski D, Schuschnig M, Reiter W et al. (2014) Early 
steps in autophagy depend on direct phosphorylation 
of Atg9 by the Atg1 kinase Mol Cell 53:471–483. 
doi: 10.1016/j.molcel.2013.12.011

 Priebe A, Tan L, Wahl H et al. (2011) Glucose depriva-
tion activates AMPK and induces cell death through 
modulation of Akt in ovarian cancer cells Gynecol 
Oncol 122:389–395. doi: 10.1016/j.ygyno.2011.04.024

 Raut GK, Chakrabarti M, Pamarthy D et al. (2019) 
Glucose starvation-induced oxidative stress causes 
mitochondrial dysfunction and apoptosis via Prohib-
itin 1 upregulation in human breast cancer cells Free 
Radic Biol Med 145:428–441. 

 Shin HJ, Kim H, Oh S et al. (2016) AMPK-SKP2-
CARM1 signalling cascade in transcriptional regula-
tion of autophagy Nature 534:553–557. doi: 10.1038/
nature18014

 Suzuki H, Asakawa A, Amitani H et al. (2013) Cancer 
cachexia pathophysiology and translational aspect of 
herbal medicine Jpn J Clin Oncol 43:695–705. doi: 
10.1093/jjco/hyt075

Terzi MY, Izmirli M, Gogebakan B. (2016) The cell fate: 
senescence or quiescence Mol Biol Rep 43:1213–
1220. doi: 10.1007/s11033-016-4065-0

 Wang L, Shang Z, Zhou Y et al. (2018) Autophagy me-
diates glucose starvation-induced glioblastoma cell 
quiescence and chemoresistance through coordi-
nating cell metabolism, cell cycle, and survival Cell 
Death Dis 9:213. doi: 10.1038/s41419-017-0242-x

 Wang S, Mao Y, Xi S et al. (2017) Nutrient Starva-
tion Sensitizes Human Ovarian Cancer SKOV3 Cells 
to BH3 Mimetic via Modulation of Mitochondrial 
Dynamics Anat Rec (Hoboken) 300:326–339. doi: 
10.1002/ar.23454

 Yurube T, Buchser WJ, Moon HJ et al. (2019) Serum 
and nutrient deprivation increase autophagic flux in 
intervertebral disc annulus fibrosus cells: an in vitro 
experimental study Eur Spine J 28:993–1004. doi: 
10.1007/s00586-019-05910-9

 Zhan J, Easton JB, Huang S et al. (2007) Negative 
regulation of ASK1 by p21Cip1 involves a small do-
main that includes Serine 98 that is phosphorylated 
by ASK1 in vivo Mol Cell Biol 27:3530–3541. doi: 
10.1128/MCB.00086-06

 Zhang Y, Ren S, Liu Y et al. (2017) Inhibition of Star-
vation-Triggered Endoplasmic Reticulum Stress, Au-
tophagy, and Apoptosis in ARPE-19 Cells by Taurine 
through Modulating the Expression of Calpain-1 and 
Calpain-2 Int J Mol Sci 18. doi: 10.3390/ijms18102146

Received May 13, 2020
Received September 18, 2020

Accepted January 18, 2022



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
    /UKR <>
  >>
  /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
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


