
SUMMARY
For pig somatic cell nuclear transfer (SCNT), artificial activation to trigger development can improve efficiency. However, be-
cause timing is key to activation, delayed activation is controversial. Two oocyte activation procedures are available: those that
occur immediately after fusion and those that take place several hours after fusion. Both methods are successful for generating
SCNT fetuses. We studied whether delayed activation is associated with pig SCNT embryo development. We searched the lit-
erature for publications from 2000 to 2018 and identified 1109 studies, 8 of which we included in a meta-analysis. A Higgins
statistic was used to measure heterogeneity. Delayed activation enhanced embryo cleavage (OR = 0.73, 95% CI 0.61-0.87) and
blastocyst formation (OR = 0.79, 95% CI 0.65-0.97) significantly and offered the same quality pig SCNT embryo (OR = -0.03,
95% CI -3.12–3.05). The Egger method and Begg’s test were used to estimate publication bias, and there was none (Pr > |z| =
1). The most commonly used pig embryo media are NCSU-23 and PZM. Studies suggest that each offers unique advantages.
Culture medium influences cleavage heterogeneity, and NCSU-23 can increase cleavage. Delayed time causes blastocyst het-
erogeneity; if the delay exceeds 1 h of activation, blastocyst formation improves. If the delay does not exceed 30 min, blasto-
cyst formation decreases. Donor nuclei and recipient oocyte cytoplasm require a period of adaptation for chromatin remod-
eling and reprogramming. The timing of these events depends on maternal factors in the recipient oocyte cytoplasm. Thus, re-
cipient oocyte cytoplasm requires time to mix with donor cytoplasm. Then, maternal factors can be added after donor nuclei
are added. New nuclei may shuttle mRNA to the cytoplasm, and this can cause chromatin remodeling and reprogramming.
Thus, future SCNT studies should focus on delay of activation timing.
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INTRODUCTION

For somatic cell nuclear transfer (SCNT), the lack of sperm-
induced fertilization requires artificial activation for embry-
onic development1. Two kinds of procedures are available:
those with simultaneous fusion and activation (SA)2,3 and
those with delayed activation (DA) occurring several hours
after fusion4. Both methods are successful for generating SC-
NT fetuses.
DA and SA differ with respect to how donor nuclei and recip-
ient oocyte cytoplasm are timed to adapt prior to activation4.
After receptor oocyte nuclear removal, mature cytoplasm de-
grades over time5. Thus, although more time is better for
adaptation, prolonged delays in activation allow cytoplasm
degeneration. Therefore, DA is controversial. The purpose of
this meta-analysis was, therefore, to determine whether DA is
associated with pig SCNT embryo development.

MATERIALS AND METHODS

Database and data extraction
Two authors (ZHG and LL) performed literature searches in
PubMed and ScienceDirect for articles published from 2000
to 2018. Submitted terms were used to search all articles in the
following databases: (“swine”[MeSH Terms] OR “swine”[All
Fields]) OR (“swine”[MeSH Terms] OR “swine”[All Fields]
OR “porcine”[All Fields]) OR (“swine”[MeSH Terms] OR
“swine”[All Fields] OR “pig”[All Fields]) AND (activation[All
Fields] OR active[All Fields]) AND (SCNT[All Fields] OR
(“clone cells”[MeSH Terms] OR (“clone”[All Fields] AND
“cells”[All Fields]) OR “clone cells”[All Fields] OR “clone”[All
Fields])) AND (“2000/01/01”[PDAT]: “2018/ 01/01”[PDAT]
(PubMed); and pub-date > 2000 and pub-date <2018 and TI-
TLE-ABSTR-KEY ((swine OR porcine OR pig) AND (SCNT
OR clone)) (ScienceDirect). Criteria for inclusion are pre-
sented in Table 1.
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Meta-analysis
The inverse-variance method was used to compare DA (con-
trol) data and SA (experimental) data. A Higgins statistic was
used to measure heterogeneity. The I2 ranged from 0 to 100%;
I2 > 50% indicated heterogeneity, but I2 < 50% indicated ho-
mogeneity6. Publication bias was assessed visually with Christ-
mas tree plots. For all applicable articles, we converted stan-
dard errors of the mean (SEM) to standard deviations (SD).
All calculations were carried out with Review Manager
(RevMan for Windows, Version 5.3, The Nordic Cochrane
Centre, The Cochrane Collaboration, Copenhagen, Den-
mark). Funnel plots were constructed to test reporting bias.
Egger’s method7 and Begg’s test were used to assess publica-
tion bias using Stata 12.0 (Stata Corp, College Station, TX).

RESULTS

A total of 1109 studies were identified as shown in Fig. 1.
Eight studies were included after the final review2,3,8-13. Back-
ground information and study characteristics from all stud-
ies are summarized in Table 2.
We analyzed eight studies that contrasted DA and SA and
their effects on embryonic cleavage. Fig. 2 shows that DA in-
creases cleavage (OR = 0.73, 95% CI 0.61-0.87). There was
high heterogeneity among studies (I2 = 53%; p = 0.04), so a
subgroup analysis of IVC medium, delay time, and donor
cell source was performed (Table 2). IVC medium was the
source of heterogeneity. Specifically, NCSU-23 increased
cleavage, but PZM-3 did not. The Egger method and Begg’s
test were used to estimate publication bias, and there was
none (Pr > |z| = 1).
We also found that (Fig. 3) DA can improve blastocyst for-
mation (OR = 0.79, 95% CI 0.65-0.97), and again the stud-
ies were heterogeneous (I2 = 59%; p = 0.02). Subgroup
analysis (Table 2) showed that heterogeneity was due to a de-
lay time of 1 h. Publication bias was not found.
Finally, we analyzed pig SCNT blastocyst number, and DA
and SA did not affect this. There was no publication bias or
study heterogeneity for this factor (OR = -0.03, 95% CI -3.12
to 3.05; I2 = 27%; p = 0.24) (Fig. 4).

DISCUSSION

Main finding
The data show that embryo cleavage and blastocyst forma-
tion were significantly increased with DA. Blastocyst num-
bers were the same for both approaches.
Studies show that DA can lead to bovine SCNT embryonic
abnormal chromatin configurations and within 2.5 h after
fusion can improve blastocyst formation14. However, DA is
reported not to affect the developmental ability of bovine
SCNT embryos15. In pig research, DA and SA both produce
piglets8. In seven included papers, only Bang et al. directly
studied the differences between DA and SA in the produc-
tion of offspring. Their results showed that DA-cloned piglet
births were 1.5 times more efficient than those which used
SA8. A very high efficiency of SCNT piglet production using
a delayed activation method has also been reported16. That
study also reported the effects of delayed activation depend-
ing on the various activation times after cell-oocyte fusion in
pig SCNT3.

Species not limited Does not mention 
but must include pigs pigs on examination

Language must be English Other language

Immediate activation versus
delayed activation method Insufficient data
for pig SCNT embryo

SCNT blastocyst rate or cell
Insufficient datanumber data are available

Electrical fusion must be involved No electrical fusion

Table 1 - Inclusion and exclusion criteria.

Inclusion Exclusion

Bang 2013 6 days NCSU-23 5 h Fetuses

De Sousa 2002 7 days NCSU-23 2 h Fetuses

Hyun 2003 7 days NCSU-23 2 h Fetuses

Kim 2016 6 days PZM-3 30 min piPSCs (piPSN-1)

Mizobe 2010 7 days PZM-3 1 h Fetuses

Samiec 2012 6-7 days NCSU-23 1-2 h Fetuses

Skrzyszowska 2008 6-7 days NCSU-23 1.5-2 h Fetuses

You 2010 7 days NCSU-23 2 h Newborn

Table 2 - Characteristics of studies included in the systematic review.

Study Culture Time IVC Medium Delay time Donor cell

Figure 1 - Summary of study selection.
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Figure 2 - Forest plot of embryo cleavage with different activations. Delayed activation was the control, and simultaneous activation was
the experimental group. CI = 95% confidence interval.

Figure 3 - Forest plot of blastocysts for different activation timings. Delayed activation was the control. CI = 95% confidence interval.

Figure 4 - Forest plot of blastocyst numbers (delayed activation vs simultaneous activation). Simultaneous activation was the experimental
group. CI = 95% confidence interval.
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Mammalian oocytes can mature in vitro, but oocytes matur-
ing in vivo or in vitro will reach the metaphase II phase and
undergo developmental retardation17. Then, only fertiliza-
tion or activation can promote additional development18.
This process is mainly regulated by maturation promoting
factor (MPF)18 and cytostatic factor (CSF)19. MPF is thought
to participate in oocyte maturation of all mammalian re-
search species20. High MPF activity can be measured in
mammalian oocytes at metaphase stages M-I and -II. When
mature oocytes are fertilized or parthenogenetically activat-
ed, MPF is inactivated. MPF is a dimer consisting of a cat-
alytic (P34CDC2, also known as Cdc2) and a regulatory sub-
unit (cyclin B)21. Changes in cyclin B and cdc2 can directly
affect the activity of MPF, which is maintained by CSF, which
is sensitive to changes in cytoplasmic calcium. When calcium
increases in the cytoplasm, CSF activity is reduced, and this
decreases MPF activity. Cyclin B is sensitive to oscillations in
calcium, which degrade cyclin B during fertilization, and this
inactivates MPF22.
Normally, oocyte activation occurs via sperm entering the
oocyte, which causes calcium fluctuations23,24. For SCNT
technology, it is necessary to reduce MPF during activation
to allow normal reconstructed embryo development. Activa-
tion methods for SCNT embryos are chemical and physical.
Chemical activation can be done with alcohol, calcium ion
vectors, cycloheximide, and ionomycin, all of which cause
artificial activation of the reconstructed embryo. For a phys-
ical method, electrical activation is convenient, efficient, sta-
ble, and repeatable25, and it not only activates the oocyte but
also promotes cell fusion.
Donor nuclei and recipient oocyte cytoplasm require a peri-
od of adaptation for chromatin remodeling and reprogram-
ming, and the timing of these events depends on maternal
factors in the recipient oocyte cytoplasm5. Donor nuclei are
covered with donor cytoplasm, and this prevents contact of
the oocyte cytoplasm with donor nuclei. Delaying activation
may allow contact to occur and promotes the development
of pig SCNT embryos. Maternal factors not only control re-
programming and drive embryonic growth forward but also
block embryonic development. For pig embryos, the initial
block occurs at metaphase II, and then it occurs again at the
4-cell stage. MPF has been used to improve SCNT efficien-
cy21,26. When calcium increases, MPF and CSF activity are re-
duced, so many complex signaling pathways also adjust.
Donor nuclei mRNA transfer to oocyte cytoplasm is feasible,
but this requires more time than required for MPF to contact
donor nuclei. After fusion, donor nuclei remain covered by
donor cytoplasm. Thus, donor cytoplasm must be mixed
with oocyte cytoplasm. This allows donor nuclei to translo-
cate mRNA to the oocyte cytoplasm. These sequential steps
require time. Also, maternal factors cannot maintain oocytes
awaiting fertilization, so they degenerate.
Other studies have focused on donor nuclei, cell cycle ad-
justment27, methylation28, acetylation29, and different cell
types that offer varied SCNT efficiency30 due to differences in
the cytoplasm. tsRNAs (tRNA-derived small RNAs) can
transfer information to the oocyte from sperm31, and in this
way, donor cell cytoplasm may affect SCNT efficacy.
The most common pig embryo media used are NCSU-23,
NCSU-37, PZM-3, and PZM-5. Studies suggest that each of-
fers unique advantages32,33. One study has shown that SCNT
pig blastocysts were significantly more numerous in NCSU-

23 than in PZM-534. Our study tried to find the source of the
heterogeneity, so subgroup analyses of IVC medium, delay
time, and donor cell sources were performed. Finally, we
found that the heterogeneity was due to IVC medium.

Implications
DA increases cleavage and blastocyst formation, but it does
not change cell numbers, so the embryo quality should be
the same as with SA.

CONCLUSION

Recipient oocyte cytoplasm requires time to mix with donor
cytoplasm, and donor cell cytoplasm affects SCNT efficacy,
but how this occurs is unclear. After mixing, maternal factors
are added, and the new donor nuclei can send mRNA to the
cytoplasm to cause chromatin remodeling and reprogram-
ming. Thus, DA promotes pig SCNT embryo growth.

ACKNOWLEDGMENTS

This work was supported by the National Natural Science
Foundation of China (Grant number 31671289). We thank
LetPub for linguistic assistance during the preparation of
this manuscript.

CONTRIBUTIONS

Di Liu designed the project. Zhenhua Guo and Lei Lv per-
formed literature searches. When search conclusions dif-
fered, a third author (Bo Fu) helped with the decision.

STATEMENT OF CONFLICT 
OF INTEREST

None.

References

1. Zhang L., Huang Y., Wu Y., Si J., Huang Y., Jiang Q., Lan G., Guo Y., Jiang
H. (2017) Scriptaid Upregulates Expression of Development-Related Ge-
nes, Inhibits Apoptosis, and Improves the Development of Somatic Cell
Nuclear Transfer Mini-Pig Embryos. Cell Reprogram 19:19-26.

2. Samiec M., Skrzyszowska M. (2012) Roscovitine is a novel agent that can
be used for the activation of porcine oocytes reconstructed with adult
cutaneous or fetal fibroblast cell nuclei. Theriogenology 78:1855-67.

3. You J., Song K., Lee E. (2010) Prolonged interval between fusion and
activation impairs embryonic development by inducing chromosome
scattering and nuclear aneuploidy in pig somatic cell nuclear transfer.
Reprod Fertil Dev 22:977-86.

4. Dieci C., Lodde V., Franciosi F., Lagutina I., Tessaro I., Modina S.C., Al-
bertini D.F., Lazzari G., Galli C., Luciano A.M. (2013) The effect of ci-
lostamide on gap junction communication dynamics, chromatin re-
modeling, and competence acquisition in pig oocytes following parthe-
nogenetic activation and nuclear transfer. Biol Reprod 89:68.

5. Chi D., Zeng Y., Xu M., Si L., Qu X., Liu H., Li J. (2017) LC3-Dependent
Autophagy in Pig 2-Cell Cloned Embryos Could Influence the Degra-
dation of Maternal mRNA and the Regulation of Epigenetic Modifica-
tion. Cell Reprogram 19:354-62.

6. de la Cruz M.L., Conrado I., Nault A., Perez A., Dominguez L., Alvarez
J. (2017) Vaccination as a control strategy against Salmonella infection

Zhenhua_imp_ok  24/04/19  11:23  Pagina 72



G. Zhenhua et al. Large Animal Review 2019; 25: 69-73 73

in pigs: A systematic review and meta-analysis of the literature. Res Vet
Sci 114:86-94.

7. Egger M., Davey Smith G., Schneider M., Minder C. (1997) Bias in me-
ta-analysis detected by a simple, graphical test. BMJ 315:629-34.

8. Bang J.I., Yoo J.G., Park M.R., Shin T.S., Cho B.W., Lee H.G., Kim B.W.,
Kang T.Y., Kong I.K., Kim J.H., Cho S.K. (2013) The effects of artificial
activation timing on the development of SCNT-derived embryos and
newborn piglets. Reprod Biol 13:127-32.

9. De Sousa P.A., Dobrinsky J.R., Zhu J., Archibald A.L., Ainslie A., Bosma
W., Bowering J., Bracken J., Ferrier P.M., Fletcher J., et al (2002) Soma-
tic cell nuclear transfer in the pig: control of pronuclear formation and
integration with improved methods for activation and maintenance of
pregnancy. Biol Reprod 66:642-50.

10. Hyun S., Lee G., Kim D., Kim H., Lee S., Nam D., Jeong Y., Kim S., Yeom
S., Kang S., et al (2003) Production of nuclear transfer-derived piglets
using porcine fetal fibroblasts transfected with the enhanced green
fluorescent protein. Biol Reprod 69:1060-8.

11. Kim E., Zheng Z., Jeon Y., Jin Y.X., Hwang S.U., Cai L., Lee C.K., Kim
N.H., Hyun S.H. (2016) An Improved System for Generation of Di-
ploid Cloned Porcine Embryos Using Induced Pluripotent Stem Cells
Synchronized to Metaphase. PLoS One 11:e0160289.

12. Skrzyszowska M., Samiec M., Slomski R., Lipinski D., Maly E. (2008)
Development of porcine transgenic nuclear-transferred embryos deri-
ved from fibroblast cells transfected by the novel technique of nucleo-
fection or standard lipofection. Theriogenology 70:248-59.

13. Mizobe Y., Yoshida M., Miyoshi K. (2010) Enhancement of cytoplasmic
maturation of in vitro-matured pig oocytes by mechanical vibration. J
Reprod Dev 56:285-90.

14. Aston K.I., Li G.P., Hicks B.A., Sessions B.R., Pate B.J., Hammon D.,
Bunch T.D., White K.L. (2006) Effect of the time interval between fu-
sion and activation on nuclear state and development in vitro and in
vivo of bovine somatic cell nuclear transfer embryos. Reproduction
131:45-51.

15. Akagi S., Adachi N., Matsukawa K., Kubo M., Takahashi S. (2003) De-
velopmental potential of bovine nuclear transfer embryos and postna-
tal survival rate of cloned calves produced by two different timings of
fusion and activation. Mol Reprod Dev 66:264-72.

16. Walker S.C., Shin T., Zaunbrecher G.M., Romano J.E., Johnson G.A.,
Bazer F.W., Piedrahita J.A. (2002) A highly efficient method for porci-
ne cloning by nuclear transfer using in vitro-matured oocytes. Cloning
Stem Cells 4:105-12.

17. Zhu Y., Wang W., Yuan T., Fu L., Zhou L., Lin G., Zhao S., Zhou H., Wu
G., Wang J. (2017) MicroRNA-29a mediates the impairment of intesti-
nal epithelial integrity induced by intrauterine growth restriction in
pig. Am J Physiol Gastrointest Liver Physiol 312:G434-G42.

18. Setiadi M.A., Trumpa M., Rath D., Meinecke B. (2009) Elevated histo-
ne H1 (MPF) and mitogen-activated protein kinase activities in pig
oocytes following in vitro maturation do not indicate cytoplasmic ma-
turation. Reprod Domest Anim 44:235-40.

19. Economou K.A., Christopikou D., Tsorva E., Davies S., Mastrominas
M., Cazlaris H., Koutsilieris M., Angelogianni P., Loutradis D. (2017)
The combination of calcium ionophore A23187 and GM-CSF can sa-
fely salvage aged human unfertilized oocytes after ICSI. J Assist Reprod
Genet 34:33-41.

20. Dadashpour Davachi N., Kohram H., Zare Shahneh A., Zhandi M., Gou-
darzi A., Fallahi R., Masoudi R., Yousefi A.R., Bartlewski P.M. (2017) The
effect of conspecific ampulla oviductal epithelial cells during in vitro ma-
turation on oocyte developmental competence and maturation-promo-
ting factor (MPF) activity in sheep. Theriogenology 88:207-14.

21. Zhang T., Zhou Y., Li L., Wang Z.B., Shen W., Schatten H., Sun Q.Y.
(2017) CenpH regulates meiotic G2/M transition by modulating the
APC/CCdh1-cyclin B1 pathway in oocytes. Development 144:305-12.

22. Ajduk A., Ciemerych M.A., Nixon V., Swann K., Maleszewski M. (2008)
Fertilization differently affects the levels of cyclin B1 and M-phase pro-
moting factor activity in maturing and metaphase II mouse oocytes.
Reproduction 136:741-52.

23. Wang N., Hao H.S., Li C.Y., Zhao Y.H., Wang H.Y., Yan C.L., Du W.H.,
Wang D., Liu Y., Pang Y.W., et al (2017) Calcium ion regulation by BAP-
TA-AM and ruthenium red improved the fertilisation capacity and de-
velopmental ability of vitrified bovine oocytes. Sci Rep 7:10652.

24. Zhang N., Duncan F.E., Que E.L., O’Halloran T.V., Woodruff T.K.
(2016) The fertilization-induced zinc spark is a novel biomarker of
mouse embryo quality and early development. Sci Rep 6:22772.

25. Iuso D., Czernik M., Zacchini F., Ptak G., Loi P. (2013) A simplified ap-
proach for oocyte enucleation in mammalian cloning. Cell Reprogram
15:490-4.

26. Zhu J., Lin F.H., Zhang J., Lin J., Li H., Li Y.W., Tan X.W., Tan J.H.
(2016) The signaling pathways by which the Fas/FasL system accelera-
tes oocyte aging. Aging (Albany NY) 8:291-303.

27. Tomii R., Kurome M., Wako N., Ochiai T., Matsunari H., Kano K., Na-
gashima H. (2009) Production of cloned pigs by nuclear transfer of
preadipocytes following cell cycle synchronization by differentiation
induction. J Reprod Dev 55:121-7.

28. Song X., Liu Z., He H., Wang J., Li H., Li J., Li F., Jiang Z., Huan Y.
(2017) Dnmt1s in donor cells is a barrier to SCNT-mediated DNA
methylation reprogramming in pigs. Oncotarget 8:34980-91.

29. Sun J.M., Cui K.Q., Li Z.P., Lu X.R., Xu Z.F., Liu Q.Y., Huang B., Shi D.S.
(2017) Suberoylanilide hydroxamic acid, a novel histone deacetylase
inhibitor, improves the development and acetylation level of miniature
porcine handmade cloning embryos. Reprod Domest Anim 52:763-74.

30. Jang G., Jeon H.Y., Ko K.H., Park H.J., Kang S.K., Lee B.C., Hwang W.S.
(2005) Developmental competence and gene expression in preimplan-
tation bovine embryos derived from somatic cell nuclear transfer using
different donor cells. Zygote 13:187-95.

31. Chen Q., Yan M., Cao Z., Li X., Zhang Y., Shi J., Feng G.H., Peng H.,
Zhang X., Zhang Y., et al (2016) Sperm tsRNAs contribute to interge-
nerational inheritance of an acquired metabolic disorder. Science
351:397-400.

32. Lin T.A., Tsay C., Chen C.H., Tang P.C., Ju J.C. (2008) Nuclear and cy-
toskeletal dynamics during oocyte maturation and development of so-
matic cell cloned pig embryos injected with membrane disintegrated
donor cells. Anim Reprod Sci 103:107-19.

33. Yi Y.J., Park C.S. (2004) Effects of sperm concentrations and culture
media on fertilization and development of in vitro matured pig oocy-
tes. Zygote 12:263-7.

34. Yamanaka K., Sugimura S., Wakai T., Kawahara M., Sato E. (2009) Diffe-
rence in sensitivity to culture condition between in vitro fertilized and
somatic cell nuclear transfer embryos in pigs. J Reprod Dev 55:299-304.

Zhenhua_imp_ok  24/04/19  11:23  Pagina 73



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /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
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /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
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 <FEFF0068007400740070003a002f002f007700770077002e0063006f006c006f0072002e006f00720067ffff>
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ITA ([Basato su 'PDF Check & Correct'] )
  >>
  /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 true
      /AddColorBars true
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([Alta risoluzione])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [822.047 595.276]
>> setpagedevice


