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I N PREVIOUS STUDIES utilizing tritiated thymidine ( H3TDR ) to label
DNA and subsequently mature functioning cells, it was shown that one

could observe the appearance of labeled granulocytes in the peripheral blood

of human beings, and a characteristic pattern was described.1’2 In these stud-

ies it was established that there is an upper limit of 2.3 days for the replace-

ment of unlabeled cells in the blood by incoming labeled cells.2 It was em-

phasized that this value is an upper limit because if unlabeled cells are emerg-

ing simultaneously with labeled cells, the replacement time will be much

shorter. These studies were based upon detailed observation’s in a single pa-

tient considered to be in a steady state equilibrium.* Subsequently, many

more patients with diverse disease states have been studied and it has become

clear that the time of emergence of labeled granulocytes from the bone mar-

row may vary considerably.

The purpose of this paper is to show: (a) the variability in the time between

cell labeling and the first appearance of labeled granulocytes in the peripheral

blood, (b) the similarity in the shape of labeling index curves following the

commencement of the emergence in most instances, (c) the lack of correlation

between the degree of segmentation and the appearahce of the label within

the neutrophilic granulocytes, (d) the characteristics of the fluctuations in

granulocyte-labeling indices with time in a series of patients with diverse dis-

eases. Lastly, the implications of the oscillations in the labeling indices will be

discussed.

This is the first series of detailed studies on the labeling index curves of

human neutrophilic blood granulocytes as a function of time after H3TDR

administration. Bryant and Kelly3 studied the appearance of granulocytes in

the blood of mice. Fliedner et al.4 described the labeling of granulocytes in
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#{176}Obviously there are physiologic increases and decreases in the flux of granulocytes into

the blood; hence an absolute steady state as may be seen in chemical or physical systems is

not implied but rather an average steady state in respect to time.
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Number
of Study

1.

2.

3.

4.

5.

Initials

Mr. S. I

Mr. S. II

Mr. S. IV

Mr. Sh.

Mr. B.

Clinical
Diagnosis

Gliobl. multif.

Gliobi. multif.

Gliobi. multif.

Gliobi. multif.

Polycythemia

Amount
H’TDR

(�c./Gm.)

0.14

0.31

0.1

0.13

0.1

Emergence

Time*

96 hoursf

72 hours

48 hours

108 hoursf

96 hoursf

8. Mrs. E.

11. Mrs. Br.

Before R�

After R�

Chron. myeloic

leukemia

9. Mrs. Sko. I Pernicious

anemia

10. Mrs. Sko. II Pernicious

anemia

Multiple

myeloma
�sIultiple

myeloma

Lymphosarcoma

Subleukemic�

myeloid leuk.

Acute lympho-

cytic leukemia

#{176}First time “Labeling Spectrum” seen.

f Closest approximations to normal “steady state” 96-144 hours.

�Speciflc activity of H�TDR 1.9 C/mM in all instances except study

mc./mM was used.
1, where 320
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6. Mr.D.

7. Mr.H.

12. Mr.Be.

13. Mrs.N.

14. Mr. Shk.

15. Mrs. M.

Table 1

Hematologic
Diagnosis

“Normal”

Sl. infection

Sev. infection

“Normal”

Compensated

p/therapy

Osteoarthritis “Normal”

Myelofibrosis Myeloid

metaplasia

Same

0.1 120 hoursf

0.08 94 hours

0.14 96 hours

0.1 110 hours

0.1 144 hoursf

0.13 96 hours

0.19 72 hours

0.1 108 hours

0.11 132 hours

0.11 72 hours

rats. Patt et al.57 utilized tritiated thymidine in the study of granulocytopoiesis

in dogs. There is some similarity in the shape of the curves for the different

species; however, there are temporal differences and the sampling intervals

were such that the fine structure of the curves were lost. In addition, there is

no estimate of the variability in the time for emergence of the first labeled cells

in the peripheral blood which is presented in this paper.

MATERIALS AND METHODS

Patients were selected who were past the age of procreation and/or had diseases that

drastically limited life expectancy. The diagnoses of 15 patients studied are listed in table

1. The criteria for selection of patients for study have been described previously in detail.8

In addition, table 1 includes the dose of H3TDR in �sc./Gm. of body weight and the spe-

cific activity of the H3TDR administered.

The autoradiographic and cytologic methods used have been previously described.2’4’9

All observations have been made on leukocytic concentrates. Whenever necessary or de-

sirable, background corrections of autoradiograms were made using a method essentially

identical to that described by Stilstr#{246}m.10 Data are presented for the labeling indices after

background correction and/or after using various threshold of positivity for labeled cells.
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Fig. 1 -Graphs of initial emergence and the ascending slope of the per cent of
labeling of neutrophilic granulocytes in a series of 15 patients after administration

of H3TDR.

RESULTS

Emergence of Segmented Neutrophils into the Peripheral Blood

In figure 1 and table 1, the time of emergence of labeled cells into the

peripheral blood from sites of production (usually the marrow) are tabulated

and plotted. The emergence time is defined as the time from injection of

H3TDR until the first appearance of any labeled granulocytes. To determine

the time of emergence into the blood, a threshold for labeling of six or more

grain’s was used. The reason for utilizing this threshold will be considered

under discussion. For the 15 patients studied, the emergence time varied from

48 to 144 hours. In five patients (see table 1), a normal steady state condition

was approximated. Infection and abnormalities in blood production were not

present as evidenced by constant and normal granulocyte counts in the blood.

In these five patients the emergence time varied from 96-144 hours. In figure

1, the heavy black line is drawn tentatively as the lower limit for emergence

in human beings without bacterial infections. Since the spectrum of patients

studied consists of individuals which were hematologically in a steady state

equilibrium and those with disease, it is not possible to set the boundary for

the maximum normal emergence time with the subsequent ascending slope.

With the exception of three patients, numbers 7, 8 and 12, all others have

similar slopes for the ascending curve following emergence. The three diver-

gences are in patients respectively with myeloid metaplasia, chronic granu-

locytic leukemia and multiple myeloma. Curves 2 and 3, with a much shorter
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686 FLIEDNER, CRONKITE, KILLMANN AND BOND

emergence time followed by slopes parallel to all except the three patients just

mentioned, were found in an individual who had a urinary tract infection at

the time of curve number 2 and pneumonia wher� curve number 3 was ob-

tamed. His emergence time was normal in the absence of infection ( curve 1).

In all patients, there is a slow increase in the per cent labeling for about 4

hours after the initial emergence and then a subsequent more rapid increase.

The Relationship between Granulocyte Segmentation and Appearance Time of

Label*

Arneth’s ‘ that increasing segmentation in the neutrophilic granulo-

cyte represented ageing was investigated by observing the appearance of

H3TDR labeling in neutrophils with 2,3,4,5, and more than five segments as

well as in band forms. In figure 2, neutrophils with various numbers of seg-

ments are shown. A segment was defined as a lobule connected with the re-

mainder of nucleus by a filamentous chromatin strand. This study was per-

formed in patient Mrs. Sko I, who had pernicious anemia in relapse at the

time of H:�TDR injection. In figure 3, a histogram of the precentage of labeled

band forms and segmented neutrophils during the first 6 days after injection is

presented. No labeled segmented cells were seen before day 4. Some band

cells were found labeled on day 3. On day 4, it will be noted that labeling is

clearly present in all cells with from two to greater than five segments. Com-

parable distribution of labeling is present on days 5 and 6 during which time

the total labeling index increases. These findings indicate clearly that there is

no tendency for the label to appear earlier in the cells with two segments than

in those with increasing numbers of segments. In order to illustrate the iden-

tical behavior of segmented neutrophils regardless of the degree of seg-

mentation, the fraction of labeled cells has been plotted in figure 4 for all

segmented neutrophils, regardless of the degree of segmentation and for the

cells with two and with more than five segments. In each instance, the cells

emerge on the fourth day and the pattern of the curves is practically identi-

cal. This was also true for the neutrophils with 3, 4 and 5 segments not shown.

Note also that the index of labeling of the five segment granulocytes is 12-25

per cent higher than the two segmented cells between day 6 and 10.

On the Age of Band Forms and Segmented Neutrophils

In figure 5, the emergence curve for band neutrophils is compared to that

for segmented granulocytes in a patient hematologically in a steady state and

in a patient with chronic myeloid leukemia. In figure 5a it will be noted that

the labeled band forms appear about 24 hours earlier than the labeled seg-

mented forms, a finding identical also to that presented in figure 3. Thus it

appears that a bandform is indeed younger than the segmented form but there

has been still sufficient cytoplasmic and nuclear maturation to permit the cell

to be acceptable in part to the peripheral blood.

#{176}Theexcellent technical assistance of Miss Marianne Hillen in this part of the study is

gratefully acknowledged.
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Fig. 2.-Photograph of neutrophilic granulocvtes with different numbers of
segments in a patient with pernicious anemia in relapse. (A) Unlabeled band or

stabform; (B) labeled neutrophil with 2-segments; (C) labeled neutrophil with
3-segments (plus one band form); (D) labeled neutrophil with 4-segments (plus

an undetermined neutrophil and a lymphocyte; (E) labeled neutrophile with 5

segments; (F) labeled neutrophil with 6 segments (plus an undetermined labeled

neutrophil).
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Fig. 3.-Histogiam of labeling in band neutrophils and neutrophiles with increas-
ing number of segments as a function of time after injection of H3thymidine.
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Fig. 4.-Changes in labeling index versus time for segmented neutrophils with
varying degrees of segmentation.

In Figure 5b, the appearance of band neutrophils and segmented neu-

trophils is compared in a case of chronic granulocytic leukemia. Again, the

typical band cells appear approximately 24 hours earlier than the segmented

granulocytes. The slope, and shape of the ascending curve of the segmented

cells is identical to that of the band cells. Figure Sc portrays the findings in a

patient with aleukemic myelogenous leukemia, whose granulocytes showed

changes similar to those seen in a Pelger-Huet anomaly; about half of the

granulocytes were bibbed and the remaining cells had condensed nuclei with
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Fig. 5.-Comparison of appearance of band neutrophils, segmented neutrophils
and “Pelger cells” in the peripheral blood of a normal individual 5a, chronic myelo-
genous leukemia 5b, and aleukemic myelogenous leukemia with “Pelger cells” Sc.

no segmentation at all.0 At the time of study, the only symptom was a refrac-

tory anemia, while the peripheral leukocyte count was constantly about

3000/mm.3 and the platelet count in the normal range. Only the bone marrow

showed a marked myeloid hyperplasia. Such round and bibbed Pelgeroid-

#{176}Thispatient has been studied while one of the authors (TMF) was a fellow in hema-

tology in the l)ivision of Hematology (Director: Dr. \V. J. Harrington), Department of

Medicine (Chairman: Dr. C. V. Moore), Washington University, School of Medicine, St.

Louis, Missouri. The continued support and advice of I)rs. Moore and Harrington in this

study is gratefully acknowledged.
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690 FLIEDNER, CRONKITE, KILLMANN AND BOND

cells have been described in patients with leukemia.’2 The emergence of the

round and bibbed Pelgeroid cells was identical suggesting that they are of

similar “cellular age.” However, they are about 24 hours slower than the seg-

mented cells (fig. 5a, b ) and 48 hours later than the band forms.

Pattern of the Descending Limb of the Labeling Curves

The preceding presentation of results has considered the emergence time,

the similarity in shape of the ascending limb irrespective of emergence time

( with certain exceptions ) , and the lack of relationship between the degree of

nuclear segmentation and granulocyte age. In consideration now of the de-

scending part of the labeling curves reproducible fluctuations are observed in

the descending limb after the maximum is reached around the sixth to seventh

day. Figure 6 illustrates the pattern in the descending part of the curves of

labeling index as a function of time. This is illustrated in three selected cases

respectively, with diagnoses of lymphosarcoma ( fig. 6a ), polycythemia vera

( fig. 6b ) and pernicious anemia in relapse (fig. 6c).

The patient with lymphosarcoma had extensive lymph node involvement

with few abnormal lymphocytes in the peripheral blood but practically no de-

tectable bone marrow involvement seen in smears of the marrow. The patient

with a relatively benign polycythemia had been treated with occasional phle-

botomies after initial suppression by P32 and Myleran. At the time of study

there had been no phiebotomies for a prolonged period of time and it had been

many months since he had received any suppressive therapy. At the time of

study he was, relatively speaking, in a steady state equilibrium. In all three

patients (fig. 6a, b, and c), an initial large wave of labeled cells with labeling

indices up to 35-65 per cent can be observed between day 4 and 10 after

H3TDR injection followed by a profound dip of the fraction of labeled cells

in Figure 6b and c on day 10 with a second smaller wave occurring between

day 10 and 16 with labeling indices up to 15-25 per cent. This second wave

is characterized by the reappearance of cells with grain numbers that had al-

most disappeared (fig. 6b; cells with more than 8 grains, 6c; cells with more

than 24 grains). This pattern is similar to that reported earlier for a fourth

patient in a normal hemopoietic steady state equilibrium.1’2

In addition to these waves with a distance of 6 days from trough to trough,

there may be smaller labeling index fluctuations which can be seen only if the

blood samples are taken more frequently than 24 hours. The curves in Figure

6a are based on observations made in a patient with lmphosarcoma on’ blood

samples that were taken every six hours for a period of nine days and there-

after at 12 hour intervals. It will be noted (fig. 6a) that a first maximum in

labeling index is attained at 61/2 days. This is followed by a decrease and

second rise with a maximum at 91/� days. Subsequently there is a decline to

another minimum at 10 days followed by a small increase and thereafter an

undulating decrease for the rest of the observation period similar in the over-

all pattern to that of figure 6b and c beyond the 10th day. In our earlier stud-

ies1’2 we were inclined to consider the undulations as a statistical error. How-

ever, credence is given by the fact that the larger waves have been seen in a
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Fig. 6.-Pattern of the index of labeling curves in a patient with lymphosarcoma
6a, in a patient with polvcvthemia vera 6b and pernicious anemia 6c.

similar fashior� in several independent studies and undulating reappearance of

more heavily labeled cells, particularly those with more than 6 and 12 grains.

Accordingly, it is believed that these repeated maxima represent impulses of

cells into the blood with changing per cent of labeling. In figure 6b, the sam-

pling interval unfortunately was 12 hours and some of the finer structure is

lost but one can still see fluctuation’s although less clearly than in figure 6a.

In figure 6c, the samplings were 24 hours apart. The lengthening of the sam-

pling interval to a great extent smoothed out most of the undulations in the

curves. Thus the fine structure of the pattern is lost unless very frequent sam-

ples are taken. The undulating fine pattern on the descending slope is de-

scribed in detail in figure 6 but it can also be noted to varying degrees in the

other patients presented in figure 5.

In figure 7, the appearance and disappearance curves for varying grain

classes of bands and segmented neutrophils in the patient with chronic granu-

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/24/6/683/571909/683.pdf by guest on 19 M

ay 2023



692 FLIEDNER, CRONKITE, KILLMANN AND BOND

40 -

30 -

I I I I I I

MRS.E.
NEUTROPH ILIC GRANULOCYTES

I -> 3 GRAINS
*-X> 6 GRAINS

Il #{176}-#{176}>I2GRAINS/ A-�>27 GRAINS

BAND FORMS

I I I

0

1 1

SEGM. FORMS
20- -

10- I� � b I� -

DAYS AFTER H3TDR

Fig. 7.-Comparison of curves of labeling indices for band and segmented neutro-

phils in a patient with chronic granulocytic leukemia.

locytic leukemia are plotted. It will be noted that the undulations with 2 peaks

again 2�2h/2 days apart as seen in figure 6, occur in both the segmented cells

arid the band neutrophils but are 24 hours earlier in the band cells thus em-

phasizing again that bandforms are younger than all segmented forms. Note

also the higher labeling index in the bands than the segmented neutrophiles.

DISCUSSION

First, some problems concerned with the design of this type of study will be

discussed in detail. Second, implications of the observatior�s that have been

made to date will be discussed in reference to the results of other utilizing

different technics. Lastly, comments on the relation of the peripheral blood ob-

servations to probable sequence of events in the marrow will be discussed.

In respect to the emergence of cells, one is first concerned with the sampling

interval. Since our sampling intervals have not been less than 6 hours, the

emergence time of the cells given is a maximum value since cells may begin

to emerge immediately after one sampling or just before the next sampling.

With respect to wher� emergence in the blood would be expected, one gets

some information from the structure of the generative cycle.2’13�5 it is clearly

established that the post DNA synthesis period is relatively short with a mini-

mum perhaps of 1 hour, and a maximum of perhaps not greater than 3 hours.

In addition, the best estimate of mitotic time is probably in the vicinity of 30
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minutes.10 Accordingly, one would expect labeled cells to begin to appear in

a non-dividing compartment within one plus hours. Actually, appearance of

the label apparently derived from the myelocytes and transmitted to the

metamyelocytes has been observed within 3 hours after labeling.17’18 The

transit time through the non-proliferating maturation compartment to the stage

of the segmented neutrophil was established in one individual as about 84

hours.17 At a time interval equal to the sum of those increments required for

the post DNA synthesis rest, mitosis and maturation to the band or segmented

cells, one would expect to see cells emerging in the peripheral blood if the re-

lease from the marrow were random. The precise determination of emergence

time is complicated by the following additional problem. The work of Rubini

et al.8 has shown that the availability time of H3TDR is effectively of the order

of 20 minutes, a small fraction of DNA synthesis time. Therefore, a few cells

that are just terminating DNA synthesis could be expected to be lightly Ia-

beled. This is not a major source of error since the time involved is much

smaller than the interval between sampling of the peripheral blood. In prin-

ciple, one could sample more frequently and detect the appearance of lightly

labeled cells by statistically testing for an increase in the frequency of cells

with light label such as can occur from background alone. Methods for this

have been modified from Stilstrom.’#{176} However, emergence time is detected

with sufficient accuracy by observing when cells emerge that have a grain

count greater than any having only the background label of six. Thereafter

the full spectrum of labeling intensity is seen.

Although there is considerable variation among patients in the time of

emergence of the granulocytes from the marrow into the blood, a sufficient

number of marrow observations could not be made to see if this difference

could be explained on the basis of a longer maturation time from the myelo-

cyte to the band and segmented cell, or if it is due to a delay in the release of

newly labeled cells into the blood. The former explanation appears to be more

likely because observations in man and the dog in which bone marrow and

blood were studied simultaneously17’19 indicate a random release of labeled

cells into the blood from the marrow segmented pooi.

It is not possible to predict the emergence time in any given patient. Stud-

ies to date have varied between 48 and 144 hours for the emergence time. The

reasons for this variation are obscure. However, in the cases studied the short-

est emergence time was observed in patients with infection. This confirms the

concepts of older hematologists2#{176} that segmented granulocytes in bacterial in-

fections are younger or premature, an assumption based on the finding of per-

sisting basophilic granulation in the cytoplasm (“toxic grantilation”20’21) and

a “shift to the left” in the differential count. But since in all cases studied, only

cells with clearcut “segments” were classified as “segmented graulocytes,” the

observed decrease in emergence time of labeled segmented granulocytes

would indicate a faster than normal nuclear maturation (i.e., completed seg-

mentation and chromatin condensation) with a normal or delayed cytoplasmic

maturation. Alternatively, one can make an analogy to erythropoiesis and pos-

tulate that cytoplasmic maturation has progressed more rapidly than normal
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694 FLIEDNER, CRONKITE, KILLMANN AND BOND

and prevents further cell cycling which results in a skipped devision as Stohi-

man has done in erythropoiesis.22

The ascending slopes of all except three of the patients were identical and

can be interpreted in the same manner as done previously.2 In this previous

study, it was deduced that approximately 43 per cent of the cells are being

replaced per day if only labeled cells are entering the blood at the time of

the upswing. In the likely event that unlabeled cells are entering simul-

taneously, then the compartment transit time is shorter. Thus a firm upper

limit is placed upon the replacement time for granulocytes in the peripheral

blood. Since a random disappearance from the blood was proved,9 one can

then accept the most probable half-time for granulocytes in the peripheral

blood to be that measured by Mauer et al.23 of 6.6 ± 1.4 hours. This value

was ascertained from DFP�2 labeling in vitro, and the disappearance of the

label from the blood after autotransfusion.

In the steady state, the disappearance rate must equal the rate of input.

With a half-time of 6.6 hours from Mauer et al.,23 the fractional replacement

of the granulocytes in the blood is 0.105 per hour. Since the curves of labeling

indicate a replacement of 0.02 per hour of labeled cells, then there must be

about four times as many unlabeled as labeled cells entering during this initial

period. Thus the cohort of cells entering the blood during this initial period

would have a fraction-labeled equivalent to that of the smallest category of

myelocytes in the marrow.17 Since the labeling index later exceeds 0.2 the ratio

labeled to unlabeled cells must increase.

In myelofibrosis and chronic granulocytic leukemia, the slope of the labeling

was much flatter with an apparent replacement of about 0.005 per hour as

measured by appearance of labeled cells. From Mauer and Jarrold24 the frac-

tional replacement with DFP32 labeling is about 0.05 per hour in chronic

granulocytic leukemia. \Vith their fractional replacement about 9 unlabeled

cells are entering for every labeled cell during the initial period of observation.

If in two conditior�s, the input rate from the marrow is the same but there

is a larger peripheral blood pool in one case, then the fractional replacement

per unit time would be much smaller (T 1/2 greater) and one would expect the

curve of labeling to increase more slowly. This may explain the results seen in

myelofibrosis, in chronic granulocytic leukemia and ir� one case of multiple

myeloma. However, one could have a smaller input with a prolonged intra-

vascular half-time and obtain a flatter labeling curve. We do not have suffi-

cient information to answer the question satisfactorily. However, studies on

the appearance of label ir� pyknotic cells in the case of myelofibrosis does not

give evidence for a prolonged intravascular transit time.19

Another problem that merits discussion and may influence a labeling index

curve is the internal marrow architecture. Certainly in all three conditions

there is a distortion of the normal sinusoidal structure, a greater proportion of

parenchyma to sinusoids and greater distance between sinusoids because of

fibrosis or expanding neoplastic-tissue. Whether this may influence labeling,

maturation and/or release from the marrow must remain conjectural. Our

&ita on the emergence times for band-forms and segmented forms add some
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EMERGENCE AND LABELING OF NEUTROPHILIC GRANULOCYTES 695

facts to the old controversy between Arneth� and Schilling,26 still reflected in

more modern texts.1232 The question had been raised whether it is justified to

use the term band form synonymous with the original term stab-form ( “Stab-

kerniger”) of Schilling. We believe this to be the case, since Schillin’g2#{176} dis-

tinguished very clearly the normal stabforms from “degenerative stabforms”

which do not occur in the normal blood picture. In his nomenclature, the

juvenile neutrophilic leukocyte is the result of the development of a meta-

myelocyte and in turn goes on to a stabform which then develops into a seg-

mented form. In his opinion, as in that of others,12 the n�imber of segments

is determined by the number of indentations, demonstrable already at the

myelocyte or metamyelocyte stage, which continue to develop into isolated

segments connected by thin filaments. In contrast, Arneth maintained, that

the number of segments was a function of the age of the neutrophil and hy-

pothesized that the nucleus goes from cells with one nuclear part (“Kernteil”)

into those with 2,3,4,5 and more as the cells grow older. Jones27 describes the

origin of the hypersegmented neutrophilic granulocyte in pernicious anemia.

He believed that they developed the hypersegmentation in the bone marrow

and that the increased segmentation is a manifestation of abnormal marrow

function rather than a criterion of age. Our data clearly proves Jones conten-

tior� in pernicious anemia.

Our data indicate that bandforms are about 24 hours younger than seg-

mented forms, but that there is no distinct difference in the maturation and

emergence time between the granulocytes with 2,3,4,5 and more segments

nor in their kinetic behavior, at least in this one patient studied extensively.

Thus, Arneth’s concept cannot be supported by our data.

The finding of the appearance of label over Pelgeroid cells in one case of

subleukemic myelocytic leukemia is of interest. It had been proposed that such

granulocytes with the round nucleus, similar to cells in the rare case of

monozygous Pelger-Huet-An’omaly, could be micro-myelocytes.12 Our data

do not support this theory. The granulocytes with round nuclei were not la-

beled initially, but became labeled only 132 hours after H3TDR injection. Thus

it appears unlikely that these are immature cells. Furthermore, these cells

do not label like band-forms. Their emergence time is identical to that of the

bibbed cells and thus about 48 hours later than that of the band-forms of

the patients analyzed in detail so far (fig. 5). Therefore, one is justified in

proposing that the Pelgeroid anomaly in this case of leukemia is associated

with a delayed cell maturation and a partial block of segmentation. Mor-

phologically it was of interest, that all granulocytes, whether round or bibbed

were identical in their dense chromatin pattern and neutrophilic cytoplasm

without any renm’ants of cytoplasmic immaturity. Family studies in our patient

indicated that there was no evidence of a true Pelger-Huet anomaly.

In our earlier paper1’2’17’25 fluctuations in the index of labeling in the de-

scending limb of the curves were considered to result most probably from

statistical variation. The shape of the descending position of the curve is in-

fluez�ced by at least three processes. First, the input of labeled cells into the

blood; second, the output of cells from the blood and third, the problem
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caused by setting an arbitrary threshold for scoring cells as labeled; this

problem is particularly difficult when the intensity of cell labeling is reduced

as a result of successive divisions of the precursor poo1 within the marrow. If

the Taylor, Wood, Hughes model pertains as discussed28 one would expect the

intensity of the label of the cells to converge upon the reciprocal of the

chromosomal number after a number of divisions that produces progeny of

the labeled precursor populaticn equal to the chromosome number. It is on

this limb of the curve that an adequate background correction is necessary

in order to determine the pattern resulting from continued input and output of

labeled cells in the peripheral blood for a long observatior� period. The fine

structure of the descending limb of the index of labeling curves is lost unless

the interval between samples is very short. Hourly samples would be ideal

but are impractical. Since fluctuations have been observed repeatedly, it is

likely that they represent physiologic functions that may be important in an

understanding of the regulation of granulocyte kinetics. If one accepts that

there is a continuous loss of both labeled and unlabeled cells in constant ratio

from the blood, then one would expect oscillations in the index of labeling

within the peripheral blood to be produced by a constant input of cells in

which the labeled fraction of the incoming cells is varying. This would imply

for granulocytopoiesis that there is some degree of synchrony of the generative

cycle that is maintained for a rather prolonged period of time resulting in

cyclic impulses of labeled cells into the blood. It is of interest that Stohlman29

anticipated that waves of labeled and unlabeled cells would appear in the

peripheral blood which would gradually disappear. Patt7 has suggested that

the time between peaks should approximate the mean generation time of the

myebocytes. If there were a varying input into the blood with the fraction of

labeled cells constant, there should be no fluctuations in the fraction labeled

in the blood after equilibration between the incoming and the outgoing cells

is attained. It appears most likely at present that the variation in the index of

labeling is due to a varying rate of input of labeled cells with total input

constant.

The fluctuations noted were not observed by Athens et al.;3#{176}however, the

time interval of sampling was 24 hours after the period of initial influx and

one would not expect to observe fluctuations in radioactivity except by chance

alone. In their paper, a temporary rise was observed on the eighth day.

Under some conditions and in certain’ tissues, the reutilization of H3TDR

in some form has been demonstrated.3335 Accordingly the possibility of reutili-

zation of labeled materials from degradation of DNA must be considered.

As described earlier, orthochromatic normoblasts become labeled within a

few hours after a flash label.2 Labeled “naked” nuclei with shred of hemo-

globin on them, have been observed by Cottier et al.31 a few hours later and

labeled phagocytized nuclei are observed in reticulum cells shortly thereafter.

It is conceivable that polynucleotides, nucleotides or nucleosides could be

reutilized in situ in the marrow for other new cell production. If a large

number are phagocytized in the close proximity to precursors of granubocytes,

the local concentration upon degradation to the nucleoside level could be
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very high and explain the cyclic input of heavily labeled cells into the blood.

An answer to this problem would come only from a meticulous examination

of the sequence of labeling in the marrow, or parallel studies with and without

the massive continuous infusion of nonradioactive thymidine to suppress label-

ing at the nucleoside level. In the event that cold thymidine would eliminate

the fluctuations observed, one would feel confident that a likely explanation

was the reutilization of nucleosides from the degradation of labeled DNA

from various cells that are being destroyed within the bone marrow. It is un-

likely that recirculation of labeled nucleoside from extramedullary sites of

destruction could account for the fluctuations because the dilution in the

plasma and total body water would be so great that labeling detectable by

usual autoradiographic methods could not be observed. Accordingly, if the

fluctuations are explained by reutilization of some degradation product of

DNA, it would probably result from local degradation permitting the con-

centration of labeled products to remain high in the vicinity of the precursors

cells.

SUMMARY

1. Following administration of H3-thymidine to 15 patients with a variety of

hemopoietic conditions, the emergence and the pattern of labeling of neu-

trophilic granubocytes were studied in peripheral blood leukocytic concen-

trates. The hematobogic diagnosis included five in which the hemopoiesis ap-

peared to be in a steady state equilibrium at the time of study, three with

various types of leukemia, one with lymphosarcoma, two with multiple mye-

boma, one with myelofibrosis, two with pernicious anemia (once before and

once after therapy) and two with bacterial infections.

2. The emergence time of n’eutrophilic segmented granulocytes (time from

H3-thymidine injection to the first appearance of labeled segmented forms

in the peripheral blood) was found to vary in steady state equilibrium from

96 to 144 hours. It was shortened to 48 hours in two instances with bacterial

infection. This was interpreted as indicating a faster than normal nuclear

maturation with normal or delayed cytoplasmic maturation (dissociation in

nuclear and cytoplasmic maturation).

3. The number of segments of neutrophilic granulocytes was found to be

unrelated to cell age as had been hypothesized by Arneth many years ago.

However, bandforms were found in the circulation about 24 hours earlier than

segmented forms, suggesting that they are younger and that some are accept#{149}

able to the blood while others continue to mature to segmented forms. Pel-

geroid cells with round or bibbed nuclei found in one case of subleukemic

myelocytic leukemia were found to emerge simultaneously 132 hours after

H3-thymidine injection. This suggests that both types are identical in their

degree of maturation. Thus the cells with round nuclei are not band forms but

result possibly from a delayed nuclear maturation.

4. In patients studied for at least 2 weeks, characteristic undulations of the

labeling indices of the segmented granulocytes were found. If the sampling

intervals were 24 hours, peaks were found 6 days apart, the second peak being
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about half of the labeling index of the first. If the sample interval was shorter,

a finer structure was observed with undulations showing peak intervals of

2-3 days. Although the significance is obscure at present, the constancy of the

ftndings suggest that there may be a constant input of cells with the index of

labeling varying due to some synchrony of the precursor population(s ) . Al-

ternative explanations are discussed.

SUMMARIO IN INTERLINGUA

1. Post le administration de thymidina a H3 a 15 patientes con un varietate

de conditiones hematopoietic, le apparition e le configuration del marcation

de granulocytos neutrophile esseva studiate in concentratos leucocytic de

sanguine peripheric. Le diagnose hematologic includeva cinque casos in que

le hematopoiese pareva trovar se in un stabile stato de equilibrio al tempore

del studio, tres casos de vane typos de leucemia, un de lymphosarcoma, duo

de myeloma multiple, un de myelofibrosis, duo de anemia perniciose ( un pre-

e un post-therapeutic ) , e duo de infactiones bacterial.

2. Esseva trovate que le tempore ab le injection de thymidina a H3 usque

ad le prime apparition de marcate formas segmentate de granulocytos in

sanguine peripheric variava in le stabile stato de equilibrio inter 96 e 144

horas. Iste intervallo esseva reducite a 48 horas in duo del casos de infection

bacterial. Isto esseva interpretate como indication de un plus que normal

rapiditate del maturation nuclear con normal o tardive maturation cytoplasmic

(dissociation inter maturation nuclear e maturation cytoplasmic).

3. Esseva trovate nulle relation inter be numero de segmentos del granulo-

cytos neutrophile e le etate cellular (que Arneth habeva hypothetisate multe

annos retro). Tamen, formas de banda esseva trovate in le circulation circa

24 horas plus tosto que formas segmentate, lo que suggere que ilbos es plus

juvene e que certes inter illos es acceptabile al sanguine durante que alteres

continua maturar verso be forma segmentate. Cellulas pelger-oide, con nucleos

ronde o bilobate, esseva notate in un caso de subleucemic leucemia myelocytic

in que illos appareva simultaneemente 132 horas post le injection de thymidina

a H�. Isto suggere que le duo typos es identic in br grado de maturation. Ergo

le cellulas con nucleos ronde non es formas de banda sed resulta possibile-

mente ab un tardive maturation nuclear.

4. In patientes studiate durante al minus duo septimanas, undulationes

characteristic del indices de marcation in le segmentate granubocytos esseva

constatate. Con intervallos de speciminage de 24 horas, culmines esseva trovate

con un separation de sex dies. Le secunde culmine amontava a circa un

medietate del prime. Quando le intervallos inter le obtention del specimens

esseva plus curte, un structura plus fin esseva observate con undulationes

monstrante culmines separate per duo a tres dies. Ben que le signification de

iste constatationes es ancora obscur, br uniformitate suggere que il occurre

possibilemente. un constante influxo de cellulas e que le indice del marcation

varia de accordo con be un o le altere typo de synchronia del populationes de

precursores. Altere possibile explicationes es discutite.
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