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SUMMARY

A simple one-step procedure for the determination of thymosin B, in whole
blood, various blood corpuscles, plasma and serum by reversed-phase high-perform-
ance liquid chromatography (HPLC) is described. The blood cells were isolated by
a Ficoll density gradient technique. The isolated cells were lysed and deproteinized
with perchloric acid in the presence of an internal standard. The supernatant solution
was neutralized by potassium hydroxide solution and thymosin f, was measured by
HPLC without further manipulations. The following amounts (fg per cell) were de-
termined: polymorphonuclear leukocytes (409), mononuclear leukocytes (267) and
platelets (22.3). Erythrocytes contained no thymosin f,. The average concentration
of thymosin f4 in an extract of whole blood was 16.3 ug/ml. The concentration in
plasma was less than 1% of that value. However, if serum was prepared and not
immediately removed from the clotted blood, the concentration of the peptide in-
creased from 0.04 to 2.1 ug/ml within 24 h. The biological significance of the findings
is discussed.

INTRODUCTION

Thymosin 4 is a polypeptide of molecular weight 4963-dalton which was orig-
inally isolated! from thymosin fraction 5 as a thymic hormone? that modifies the
immune response. The biological importance of the peptide is emphasized by the fact
that its amino acid sequence is conserved in the animal kingdom from humans to
amphibia3 and that it is often accompanied by a highly homologous peptide*. It has
been reported that thymosin 4 induces the expression of terminal deoxynucleotidyl
transferase? and stimulates the secretion of luteinizing hormone-releasing factor>.
Thymosin g, inhibits the migration of macrophages in vitro, as reported by Thurman
et al.5. We have shown that thymosin f, is present in extrathymic tissues in fairly
large amounts’-® and that it is synthesized but not secreted by various cell lines®.
These results raise some doubts about a hormonal function of thymosin 8,. However,
Naylor et al.}? have recently reported high concentrations of thymosin 4 in human
serum, and this would support the assumption that the peptide has hormonal func-
tions if the peptide is specifically released from a gland or cells.
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As we knew from our studies® on the biosynthesis of thymosin B, that
Epstein-Barr virus-transformed human B-cell lines contain large amounts of this
peptide, we considered that possibly non-transformed human blood cells might also
contain thymosin f4. If blood cells contain the peptide, it would be important to
exclude the possibility that those cells lyse during the preparation of serum and
thereby cause the appearance of the peptide in serum. Therefore, we determined the
presence and concentration of thymosin 4 in whole blood and blood corpuscles and
in plasma and serum by a simple one-step high-performance liquid chromatographic
(HPLC) procedure.

EXPERIMENTAL

Materials

Reagents were obtained from the following sources: Macrodex (6% dextran
60 in isotonic NaCl) from Knoll (Ludwigshafen, F.R.G.), Ficoll-Paque from Phar-
macia (Uppsala, Sweden), thrombin from Boehringer (Mannheim, F.R.G.) and flu-
orescamine and phenylalanylphenylalanine (Phe,) from Serva (Heidelberg, F.R.G.).
All other chemicals were of high-quality commercial grade. Solvents used for HPLC
were distilled over ninhydrin.

Methods

Thymosin f4 and B standard. Thymosin B4 and By were isolated from calf
thymus as described elsewhere®. Their concentrations were determined by amino acid
analyses. The peptide analyser was standardized by injecting a mixture of 1.4 ug of
thymosin S, and 0.4 ug of Phe,.

Whole blood, plasma, erythrocytes, polymorpohonuclear leukocytes (PMN ),
mononuclear leukocytes (MNL) and platelets. This set of specimens were isolated
from peripheral venous blood of 21- to 35-year-old female and male volunteers.

Whole blood (25 ml) was gently mixed with 4 ml of Macrodex, containing 20
mg of K,EDTA. An aliquot (2-3 ml) of this mixture (M) was used for the preparation
of plasma.

Plasma was obtained after centrifugation at 14 500 g for 10 min at 4°C. A
defined amount of Phe, was mixed with 9.14 M perchloric acid (PCA) so that the
final concentration of PCA was 0.4 M after addition of whole blood or, plasma. .

The remaining mixture (M) was incubated for 30-60 min at room temperature
in an inverted plastic syringe. During this time, erythrocytes sedimented faster than
leukocytes, and a whitish upper phase was performed.. This phase was enriched-in
leukocytes (“leukocyte-enriched fraction’) whereas the lower, red phase contained
most of the erythrocytes. The two phases were removed from thee syringe. The er-
ythrocytes were still contaminated by leukocytes and platelets. These contaminants
were removed by several washes with PBS and low-speed centrifugation.

The leukocyte-enriched fraction was diluted with an equal volume of 154 mM
sodium chloride-3 mM EDTA-20 mM HEPES (pH 7.4) (SEH buffer) and layered
on a Ficoll-Pague cushion. After centrifugation at 400 g for 30 min at 20°C, the
interphase, which contained MNL and platelets!!, was transferred into a centrifuge
tube filled with 40 ml of SEH buffer. The MNL were sedimented at 60 g for 10 min
at room temperature. The pellet was resuspended in 50 ml of SEH buffer and the
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centrifugation was repeated. The combined supernatant solutions contained platelets,
whereas the pellet was less contaminated by platelets. In some instances, the platelets
were removed by treatment with thrombin. After 1 h at room temperature, the clotted
platelets were removed. The purified MNL were contamined by four platelets per ten
MNL. This must be compared with the physiological ratio of 120 platelets per MNL
in peripheral blood.

For the preparation of platelets, the combined supernatant solutions of the 60
g centrifugations were centrifuged at 100 g for 10 min. The supernatant solution was
transferred into a new plastic centrifuge tube, and the platelets were sedimented at
1100 g within 10 min. The pellet of the Ficoll-Paque centrifugation contained mainly
PMN, which were contaminated by erythrocytes. The erythrocytes were removed by
lysis with 5 ml of 155 mM ammonium chloride-10 mAM HEPES (pH 7.0) for 10 min
at 37°C with gentle shaking. The PMN were washed several times with SEH buffer.

Preparation of serum. Whole blood (2 ml) without anticoagulants was kept at
room temperature for 1, 8 and 24 h. Thereafter, the serum was removed by centrifu-
gation at 14500 g for 5 min at 4°C. The serum was treated further as described in
the following section.

Determination of thymosin 4. Erythrocytes, MNL, PMN and platelets were
suspended in SEH buffer and counted. Volumes of 1-2 ml of whole blood, plasma
or serum were used for the determination. Perchloric acid (9.14 M) was added to the
sample to a final concentration of 0.4 M. The concentrated PCA contained a defined
amount of Phe,, which served as an internal standard. The amount of Phe, was
chosen in such a way that the area of the Phe, peak was similar to the expected area
of the thymosin f, peak in the HPLC separation. In order to facilitate lysis of the
cells, the sample was sonicated for a few seconds. After 30 min on ice, the sample
was centrifuged at 14500 g for 5 min at 4°C. The supernatant solution was titrated
with 0.2 M potassium hydroxide solution against bromthymol blue as indicator.
Subsequently, pyridine and acetic acid were added to final concentrations of 0.11 and
0.076 M, respectively. The sample was kept on ice for a further 30 min and insoluble
potassium perchlorate was removed by low-speed centrifugation.

An aliquot of the sample was analysed by HPLC, essentially as described else-
where®. However, as we used an Altex IP column instead of an ODS column for
analyses in the reversed-phase mode, it was possible to omit the lithium perchlorate
from the buffer. The column was kept at 56°C. The peptides were eluted with a
gradient of 1-propanol (0—40%) in 0.11 M pyridine—0.076 M acetic acid and detected
by post-column derivatization with fluorescamine!2,

Chromatographic equipment. The Altex IP column (Ultrasphere, 5 um, 250
X 4.6 mm 1.D.) was purchased from Beckman (Munich, F.R.G.). The chromato-
graphic conditions were controlled by a Beckman 420 system. The eluted compounds
were derivatized with fluorescamine and detected by fluorescence using a Kratos
(Berlin, F.R.G.) FS 950 fluorimeter with 365-nm excitation from an FSA 110 lamp,
no excitation filter, and an FSA 427 emission filter with cut-off at 440 nm. The
fluorimeter was connected to a dual-channel chart recorder and an integrator.

RESULTS AND DISCUSSION

The concentration of thymosin fi, was determined in whole blood, plasma,
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serum, erythrocytes and mononuclear and polymorphonuclear leukocytes of 21- to
35-year-old volunteers. We have already shown® that Epstein—-Barr virus-transformed
human B-cell lines contain and synthesize large amounts of thymosin g,. However,
it is not possible from the outset to conclude from our data on cell lines that non-
transformed cells also contain the peptide. The question of the presence of thymosin
B4 in blood and in various blood corpuscles became important after Naylor et al.1°
had reported surprisingly high concentrations of the peptide in human serum. A
simple one-step procedure for the determination of thymosin f,, based on the treat-
ment of the specimen with PCA, was developed for the determination of thymosin
B4 in small tissue samples®. Basically, the same procedure was used for the deter-
mination of thymosin f, in the specimen obtained from human blood. The different
types of blood cells were separated by a Ficoll-Paque technique. In order to prove
that in the case of thymosin f§, it is possible to lyse and extract cells with 0.4 M PCA,
we added to 1.3 - 108 platelets not only PCA and the usual internal standard (Phe,)
but additionally 5.5 ug of thymosin fy. The amino acid sequences?3 of thymosin B,
and B, are identical in 32 out of 41 positions. The recovery of the added thymosin
Bo was 92%. This indicated that the peptide was neither precipitated by PCA nor
trapped by precipitated protein.

Thymosin §, from the different samples was identified by its retention time
and chromatography in mixtures with authentic thymosin f,, isolated from calf thy-
mus. An additional chemical proof of the identity of the peptide was obtained from
the oxidation of samples from the different specimens by 3% hydrogen peroxide. The
area of the thymosin f, sulphoxide peak that formed was identical with the area of
the original thymosin §, of the non-oxidized sample. Thymosin 8, sulphoxide was
eluted about 5 min earlier than thymosin §,. Therefore, an accidental overlap of the
thymosin f, peak with other fluorescent substances is very unlikely.

Typical HPLC profiles of the PCA-treated whole blood, plasma, MNL, PMN
and platelets are shown in Fig. 1. In all instances, except in plasma, there is a large
peak of thymosin 8, at 42.3 min. The concentration of thymosin §, in whole blood
ranges from 12.0 to 19.5 ug/ml (Table I). Most of this peptide is restricted to the
various blood corpuscles, because only 0.026-0.387 ug/ml is found in plasma. The
blood corpuscles with the highest concentration of thymosin f, are PMN, which
contain an average of 409 fg of thymosin ,. MNL contain 267 fg of thymosin f,.
Although MNL are a mixture of human B-cells, T-cells and monocytes, this value
agrees well with the reported® content of thymosin 8, in murine macrophages. Mu-
rine macrophages, which were extracted with guanidine hydrochloride, contain 274
fg. Platelets contain between 6.9 and 31.7 fg of thymosin 4. The only type of blood
cells studied so far that do not contain measurable amount of thymosin f, are ery-
throcytes (Table I). If one chromatographs an extract from 3 - 10° erythrocytes, one
obtains only a very minute peak at the retention time of thymosin f,. However, it
is not poossible to convert this peak by oxidation with H,O, to thymosin f, sul-
phoxide unequivocally. Therefore, it cannot be ruled out that the peak is not due to
thymosin B4. Another possibility is that the purified erythrocytes still contain some
leukocytes or platelets. The concentration of thymosin B, is less than 90 ng per 3 -
10° erythrocytes. According to our results (Table I), 90 ng of thymosin §, are equiv-
alent to a contamination of the 3 - 10° erythrocytes by either 250 - 103 leukocytes or
4.1 - 10° platelets.
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Fig. 1. HPLC profiles of whole blood, plasma and various blood corpuscles extracted with perchloric acid.
After neutralization by potassium hydroxide, the samples were separated by reversed-phase HPLC. The
amounts injected correspond to 0.1 m! of whole blood, 0.5 ml of plasma, 5 . 10° mononuclear leukocytes,
3. 10° polymorphonuclear leukocytes, 60 . 10° platelets and 0.5 ml of serum. The serum was removed
from the clotted blood after 24 h. Chromatographic conditions: column temperature, 56°C; flow-rate, 0.75
ml/min; buffer, 0.11 M pyridine-0.076 M acetic acid. The peptides were eluted with a linear gradient from
0 to 15% l-propanol in 45 min, followed by a second gradient from 15 to 40% l-propanol in 5 min.
Peaks: 1 = Phe,; 2 = thymosin f,.

As mammalian erythrocytes do not contain a nucleus, we assumed that there
might be a link between thymosin 4 content and the presence of a nucleus. However,
two facts weigh against this: (a) platelets, which, like erythrocytes, do not contain a
nucleus, possess thymosin 4, and (b) avian erythrocytes, which possess a nucleus,
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TABLE I

CONCENTRATION OF THYMOSIN g, IN WHOLE BLOOD, PLASMA AND BLOOD CORPUS-
CLES OF 21- TO 35-YEAR-OLD HUMAN SUBIJECTS

The specimens were deproteinized with perchloric acid and thymosin 4 was determined by HPLC.

Specimen Thymosin Bs
x + S.EM.(n) Range

Whole blood 163 % 0.8*(7) 12.0-19.5*
Plasma 0.134 + 0.028* (13) 0.026-0.387*
Erythrocytes <0.03**
MNL 267 + 21** (9) 183-380**
PMN 409 + 24™ (12) 269-564**
Platelets 223 £ 23" (14) 6.9-31.7*

* ug/ml.

** fg per cell.

do not contain thymosin f,'4. The presence of thymosin f, in chicken bursa of
Fabricius has been described by Erickson-Viitanen et al.3. '

MNL contain 4%, PMN 10% and platelets 42% of the thymosin §, of whole
blood if 2.7 - 10° MNL, 4.2 - 105 PMN and 310 - 10° platelets/ml are assumed. Taken
all together, we can account for 50-60% of the thymosin §, in whole blood. The fact
that we cannot reach 90 or 100% may be a result of the procedure for isolating the
blood cells. During isolation, we may have lost a certain subpopulation of cells. We
have found that the content of thymosin f, varies, for example, with the size of the
platelets isolated (data not shown).

Naylor et al.'° reported levels of thymosin 4 ranging from 0.45 to 1.1 ug/ml,
which are significantly higher than the concentrations in plasma, which range from
0.026 to 0.387 ug/ml (Table I). As Naylor et al. used serum for their determination,
we also prepared serum and compared the concentrations of thymosin f4 in serum
and plasma. Even if the serum is removed from contact with the coagulated cell
column as soon as after 1 h, the concentration in the serum is 0.25 ug/ml, compared
with 0.04 pg/ml of plasma in samples from the same donor. After 8 and 24 h, the
concentrations reached 1.1 and 2.1 pg/ml in serum, respectively. It can be concluded
from our results that (a) thymosin §, appears in serum if the clotted blood is not
removed as soon as possible and (b) thymosin g, is fairly stable in serum.

It is possible to assess very roughly the minimal intracellular concentration of
thymosin f4 of the different blood corpuscles from their volume and thymosin f,
content. The concentrations of the peptide are 0.18, 0.20 and 0.27 mM in MNL,
PMN and platelets, respectively. For this calculation, we assumed intracellular vol-
umes of 270, 450 and 16 fl for MNL, PMN and platelets, respectively. No corrections
were made for the nuclear volumes of MNL and PMN. The intracellular concentra-
tion of thymosin §, is fairly high, which supports the assumption of Goodall et al.*5
that thymosin §, may function as a structural element, perhaps as a component of
the cytoskeleton. On the other hand, thymosin 4 might have an additional function
after appearing extracellularly either by specific secretion or just by death or lysis of
cells. The second function might be the inhibition of the migration of macrophages.
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