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Introduction
It is generally known that human mature resting T
lymphocytes stimulated with phytohemaglutinin
(PHA) "dedifferentiate" and transform back to prolif-
erating blastic stage [1,3]. Such transformation of
small mature resting to large cycling blastic cells is
accompanied by nucleolar enlargement, which is relat-
ed to the increased nucleolar biosynthetic activities of
stimulated cells [1,3-5,24]. In addition, ring shaped
nucleoli transform to large nucleoli with a relatively
uniform distribution of RNA [1,15,18]. On the other
hand, the information on the nucleolar and cytoplas-
mic RNA density in the course of blastic transforma-
tion is missing although it seems to be likely that it
might be different.  

The present study was undertaken to provide more
information on the nucleolar and cytoplasmic density
in specimens stained for RNA during "cell dedifferen-
tiation" represented by blastic transformation of
mature T lymphocytes. Nucleolar and cytoplasmic
RNA were visualized using a simple cytochemical
method followed by computer assisted densitometry
and nucleolar diameter measurements of digitised
images. The results indicated that an increasing densi-
ty accompanying the blastic transformation was signif-
icant after 48 hours of cultivation with PHA when the
cells were in S/G2 phase of the cell cycle. On the other
hand, significantly larger ratio of the nucleolar to cyto-
plasmic RNA density was noted only after a shorter
cultivation when stimulated cells were presumably in
the late G1 phase.  

Materials and methods
Human lymphocytes were isolated from the peripheral blood of
healthy volunteers using a discontinuous density gradient [2] of
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Histopaque (Sigma, St. Louis, MO USA). Cells, 1×106/ml, were
suspended in medium RPMI 1640 supplemented with 10% heat-
inactivated FBS and stimulated with 10 μg/ml PHA-P from Sigma
at 37°C in a 5% CO2 humidified atmosphere for time frames up to
48 hrs [8,12]. Then, harvested cells were prepared for the light
microscopic observations using a Shandon Cytospin 2 cytocen-
trifuge (Shandon Southern Products, UK) – 800 rpm for 10 min.
and unfixed cytospins were stained for RNA with acidified meth-
ylene blue at pH=5.3 [13,21]. 

Micrographs were captured with a Camedia digital photo cam-
era C.4040 ZOOM (Olympus, Japan) placed on Jenalumar micro-
scope (Zeiss, Germany) equipped with the double adapter to pro-
vide a larger magnification of resulting images. Then the images
were processed and nucleolar size was measured with Quick Pho-
toprogram (Olympus, Japan). Mean nucleolar diameters were
determined on the screen at magnification ×4300 and were based
on two measurements of the long and minor axis for each nucleo-
lus [10,14,17]. It should be mentioned that the nucleolar size and
distribution of RNA facilitated to estimate the cell cycle phase of
studied cells [6,9,11,20,23,24].  

The nucleolar and cytoplasmic density in specimens stained for
RNA was measured after image conversion to grey scale using the
NIH Image Program – Scion for Windows (Scion Corp., USA).
The density was expressed in relative arbitrary units, which were
calculated by subtracting measured density of nucleoli or cyto-
plasm from the density surrounding the measured cell. Such calcu-
lation and standardisation of arbitrary density units facilitated the
comparison of results in various portions of cytospins, which occa-
sionally exhibited various artificial densities due to both prepara-
tion and staining techniques. This approach decreased artificial
measurements and thus provided better results than the background
adjusted to zero, which depended on the investigator. In contrast to
the nucleolar size measurements, the nucleolar and cytoplasmic
densities were measured at lower magnification using dry 50x
objective to decrease the resolving power of the microscope. Such
approach facilitated to cover a larger and more uniform density
measurements of nucleolar and cytoplasmic regions stained for
RNA. 

Results
Nucleolar size and types 
Quantitative data are in the Table 1. The nucleolar size
during blastic transformation gradually increased.
Maximal values of mean nucleolar diameter in stimu-
lated lymphocytes were noted after 48 hrs of cultiva-
tion and apparently reflected S and G2 phase [6,9,11,
16,20,23,24]. In resting mature lymphocytes repre-
senting cells in G0 or /early G1 phase, nucleoli were

small and mostly ring shaped (Fig. 1) [see also 3,6,18,
23,24], After 24 hours of cultivation in the presence of
PHA, stimulated cells were characterised by enlarged
nucleoli with more or less distinct nucleolonemas
which were described in late G1 and especially S or
G2 phase of the cell cycle (Fig. 2) [see also 3,6,15,23,
24]. 

Nucleolar and cytoplasmic density in specimens
stained for RNA
For quantitative data see the Table 1. In control resting
lymphocytes the nucleolar and cytoplasmic density
was almost the same (Fig. 3). The nucleolar to cyto-
plasmic density ratio was about one. In transforming
lymphocytes to blastic state (Figs. 4,5), the nucleolar
density increased but such increase was significant
only after 48 hours of cultivation with PHA. On the
other hand, the cytoplasmic density was apparently
smaller at first but then significantly increased. There-
fore, the increased nucleolar to cytoplasmic density
ration in stimulated cells significantly increased only
after 24 hours of cultivation in the presence of PHA. It
was also interesting that the nucleolar density in stim-
ulated cells increased less dramatically than the nucle-
olar diameter (Fig. 6). 
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Table 1. Nucleolar and cytoplasmic density in specimens stained for RNA.

Legend: # – based on more than 40 measurements for each group; ## – see ref. [22]; *– statistically different from 0 hrs using t-test (p<0.009);r – statis-
tically different from 24 hours using t- test (p<0.001); § – statistically different from nucleoli using t-test (p<0.001); a – mean and standard deviation; No/Cy
– ratio of nucleolar to cytoplasmic RNA density; NoD – mean nucleolar diameter. 

Fig. 1. Resting lymphocyte with a ring shaped nucleolus (arrow
and insert), (magnification approx. ×3500). Fig. 2. Stimulated
transformed and "dedifferentiated" blastic cell with a large nucle-
olus with a more uniform distribution of RNA (arrow), which
shows nucleolonemata at larger magnification (insert), (magnifica-
tion approx. ×2100).



Discussion
The relatively increased nucleolar RNA density during
blastic transformation (present study) is not surprising
and represents a further phenomenon, which is related
to the generally known increased nucleolar RNA tran-
scription [3-5,7,15,16,23]. Moreover, the known trans-
formation of ring shaped nucleoli in resting lympho-
cytes to enlarged nucleoli with less or more distinct
nucleolonemas in transformed blastic cells is also in
harmony with the increased nucleolar biosynthetic
activity and return to the cell cycle [3,4,6,7,15,20,23,
24]. It should be added that the increase of the nucleo-
lar diameter in stimulated cells was much larger than
that of the nucleolar density. Such difference suggests
that the RNA content in nucleoli depends mainly on
their size. A similar RNA density of small and large
nucleoli was also noted previously in leukaemia gran-
ulocytic progenitors [19]. 

The delayed increase of the RNA cytoplasmic den-
sity in stimulated cells seems to be interesting and
resulted in an increased nucleolar to cytoplasmic RNA
density ratio. Such delay might be easily explained by
the preceding increased nucleolar RNA transcription
and assembly of ribosomes before their transport to
cytoplasm [3,5,7,23]. On the other hand, when biosyn-
thetic activities of nucleoli in resting cells are
repressed [4,6,7,15,24], the nucleolar and cytoplasmic
RNA densities are similar but smaller (present results).
At this occasion it should be mentioned that in stimu-
lated and cycling blastic cells the nucleolar and cyto-
plasmic RNA densities were also similar. However,

they were significantly higher than in resting lympho-
cytes. In that case, both the nucleolar and cytoplasmic
biosynthetic activities are known to substantially
increase in comparison with resting cells [3-5,7,9,15].

From the methodical point of view the present
study, regardless of the interpretation, clearly demon-
strated that the cytochemical RNA densitometry was
an useful procedure that might be complementary to
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Fig. 3. Nucleolar (No – thin black line) and cytoplasmic (Cy – thick black line) RNA density in a small resting lymphocyte. Nucleolus –
arrow. The lower part of the Figure contains nucleolar (No) and cytoplasmic (Cy) densitograms. Numbers in densitograms indicate den-
sity values calculated by subtracting measured values from the background surrounding the investigated cell. The density scale is below
densitogram (magnification approx. ×2200). Fig. 4. Nucleolar and cytoplasmic RNA density in a stimulated and transformed blastic cell
after 24 hours of cultivation in the presence of PHA. For other legend see Fig. 3 (magnification approx. ×1700). Fig. 5. Nucleolar and
cytoplasmic RNA density in a stimulated and transformed blastic cell after 48 hours of cultivation in the presence of PHA. For other leg-
end see Fig. 3 (magnification approx. ×1300). 

Fig. 6. Nucleolar diameter (NoD) and density (NoDn) in stimulat-
ed lymphocytes. Mean values of the nucleolar diameter are multi-
plied by 10 and mean values of the nucleolar density are divided
by 10. Standard deviations are in the Table 1. Note that the
increase of the nucleolar diameter was larger than that of the nucle-
olar density.



other methodical approaches facilitating to distinguish
resting and stimulated – "dedifferentiated" cycling
cells at the single cell level. In addition, such approach
appeared to be useful in smear or cytospins specimens,
in which the number of investigated cells might be
very limited.  

Acknowledgement: The present study was supported in part by
the Research Development Project VZ 0002373601 of the Ministry
of Health of the Czech Republic.  

References
[ 1] Astaldi G, Lisiewicz J. Lymphocytes. Naples: Idelson; 1971.
[ 2] Böyum A. Separation of leukocytes from blood and bone

marrow. Scan J Clin Lab Invest. Suppl. 1968;21:9-109. 
[ 3] Busch H, Smetana K. The nucleolus. New York: Academic

Press; 1970.
[ 4] Carson DA. Biochemistry and function of lymphocytes and

plasma cells. In: Williams WJ, Beutler E, Erslev AJ, Licht-
man MA, eds.Hematology. New York: McGraw-Hill; 1983:
903-908.

[ 5] Cline MJ. The white cell. Cambridge: Harvard University
Press; 1975.

[ 6] Gani R. The nucleoli of cultured human lymphocytes. Exp
Cell Res. 1976;97:249-258.

[7 ] Henry PH, Levin MJ, Levin AS. Composition and biochem-
istry of lymphocytes and plasma cells. In: Williams WJ, Beut-
ler E, Erslev AJ, Rundles RW, eds. Hematology. New York:
McGraw-Hill; 1972:782-790.

[ 8] Kalousek I, Krizkova P. Lymphocyte mitogenic transforma-
tion is accompanied by phosphorylation of the nucleolar tran-
scription factor UBF. Cell Mol Biol. (Noisy-le-grand) 2000;
46:163-1171.

[ 9] Kwiatkowska M, Maszewski J. Functional and structural het-
erogeneity of nucleoli: the dependence of the activity of trans-
port of newly synthesized rRNA on nucleolar size and phase of
the cell cycle. Folia Histochem Cytochem. 1985;23:117-126.

[10] Monge JM, Val-Bernal JF, Buelta L, Garcia-Castrillo L, Asen-
sio L. Selective nuclear morphometry as prognostic factor of
survival of renal carcinoma. Histol Histopathol. 1999;14:119-
123.

[11] Nagl W. Zellkern und Zellzyklen. Stuttgart: Verl. Eugen
Ulmer; 1976

[12] Nowell PC Differentiation of human leukaemic leukocytes in
tissue culture. Exp Cell Res. 1960;19:267-277.

[13] Ochs RL. Methods used to study structure and function of the
nucleolus. Methods Cell Biol. 1998;53:303-301.

[14] Politi EN, Lazaris AC, Kavantzas A, Kountselini H. Compar-
ison between morphometry and immunostaining of malignant
cells in no-small cell lung cancer. Anal Quant Cytol Histol.
2003;25:169-176.

[15] Raška I, Koberna K, Malínský J, Fidlerová H, Mašata M. The
nucleolus and transcription of ribosomal genes. Biol Cell.
2004;96:579-594.

[16] Schnedl W, Schnedl M. Nukleolus Zahl und Grösse während
des Zellzyklus. Z. Zellforsch. 1972;126:374-382.

[17] Setala L, Lipponen P, Kosma VM, Marin S, Eskelinen M,
Syrjanen K, Alhava E. Nuclear morphometry as predictor of
disease outcome in gastric cancer. J Pathol. 1977;181:46-50. 

[18] Smetana K. Nucleoli in maturing blood cells. Top Rev Hae-
matol. 1980;1:115-137.

[19] Smetana K, Klamová H, Mikulenková D, Pluskaloví M,
Hrkal Z. The nucleolar size and density in human early gran-
ulocytic progenitors – myeloblasts. Europ J Histochem. 2006;
50:119-124.

[20] Smetana K, Kuzelova K, Zapotocky M, Starkova J, Hrkal Z,
Trka J. Mean diameter of nucleolar bodies in cultured human
leukemic myeloblasts is related to the S and G2 phase of the
cell cycle. Europ. J Histochem. 2007;51:269-274.

[21] Smetana K, Lejnar J, Potmìšil M. A further contribution to
the demonstration of RNA and nucleoli of blood cells in
smear preparations. Folia Haematol. 1969;91:381-384.

[22] Smetana K, Otevøelová P, Kalousek I. Heterochromatin den-
sity in the course of cell "dedifferentiation" represented by
blastic transformation of human mature T lymphocytes. Appl
Biomed. 2007;5:189-193. 

[23] Wachtler F, Schwarzacher HG. Ellinger A. The influence of
the cell cycle ion structure and number of nucleoli in cultures
human lymphocytes. Cell Tissue Res. 1982;225:155-163.

[24] Wachtler F, Stahl HG. The nucleolus. Micron. 1983;24:473-
505.

Submitted: 29 November, 2007
Accepted after reviews: 2 June, 2008

432 K. Smetana et al.

©Polish Histochemical et Cytochemical Society
Folia Histochem Cytobiol. 2008:46(4): 432 (429-432) 
doi: 10.2478/v10042-008-0074-8



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 true
  /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 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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


