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Abstract. A new radioimmunoassay has been developed for thymosin t4  by generating rabbit polyclonal antibodies 
against the synthetic N-terminal peptide fragment 1 -15  coupled to KLH.  The synthetic analogue [Tyr12]-thymosin 
t4  (1 -15)  was used as tracer. This radioimmunoassay, with a useful range of  10-1000 pmoles, showed cross-reactiv- 
ity with the second homologous fl-thymosin of  man and rat (thymosin ill0) but not of  calf (thymosin fig). This 
radioimmunoassay, together with an improved radioimmunoassay for the N-terminus of  parathymosin ~, was 
employed for the measurement of  the levels of  thymosin t4  and parathymosin a in nuclear and extranuclear extracts 
of  calf thymus. The bulk of  these polypeptides was found in the extranuclear material whereas only traces were 
observed in the nuclear environment, which indicates the extranuclear localisation of  a- and fl-thymosins. 
Key words. Thymosin f14; parathymosin ~; thymosin; thymus. 

Thymosins, polypeptides initially isolated from thymus, 
belong to ~- and t -homologous  families. The a-family 
contains prothymosin a l and parathymosin a2, which 
have approximately 100 residues. The t-family contains 
thymosin t43 and thymosin f19, in calf 4, or thymosin r io  
in human s and rat 6 tissues, with approximately 40 
residues. Thymosins are widely distributed in mam- 
malian tissues 7, 8, including blood plasma 9. xo. They can 
be identified by chromatographic analysis and specific 
radioimmunoassays 11- a 6. Despite the wide distribution 
o f  thymosins, little is known about their physiological 
role. Reports have indicated the involvement of  thy- 
mosins in cell-mediated immunity phenomena 17-2o and 
cell proliferation 21 - 24.  

Conflicting results exist as to the intracellular location of  
prothymosin ~, suggesting its presence inside the nucle- 
us 2s. 26, outside the nucleus 27- 30 and in both compart-  
ments 31. We present here results showing the extranucle- 
ar location of  two other thymosins, i.e. thymosin t4 and 
parathymosin ct, by cellular fractionation and measure- 
ment of  the cross-reactive materials by radioim- 
munoassay. 

Materials and methods 
Materials. Thymus was collected from a 14-month-old 
calf. Fractionation of  nuclear and extranuclear material 
and whole tissue extraction was carried out as previously 
reported a0. Bovine lung thymosin fi4 and thymosin t 9 3 2 ,  

rat thymus thymosin r io  6, human thymus prothymosin 
33 and rat liver parathymosin a 17 were isolated by es- 

tablished procedures. 
Radioimmunoassay for thymosin fi4. Peptide fragment 
thymosin t4  (1-15)  and the analog [Tyr12]-thymosin t4  
(1-15)  were prepared by solid phase synthesis on an 
automatic Synostat-peptide synthesizer (Biotronik, 
Maintal, Germany) using 4-(hydroxymethyl)-phe- 
noxymethyl-copoly-(styrene-1% divinyl-benzene)-resin 
preloaded with FMOC-Ser  (tBu)-OH (for each synthesis 
0.33 g = 0.26 mmol). Both syntheses were performed by 
the BOP/HOBt  coupling procedure using F M O C  amino 
acids with tert.-butyl side chain protecting groups. All 
amino acids were coupled twice in D M F  in threefold 
excess in the presence o f  0.35 g BOP/0.11 g HOBt  and 
1.6 ml diisopropylethylamine (25% in DMF).  For  the 
synthesis of  [Tyr 12]-thymosin t4 (I - 15) FMOC-Phe-OH 
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was replaced by FMOC-tyr (tBU)-OH. After completion 
of the synthesis peptides were cleaved from the resins 
after acetylation with acetic anhydride/pyridine in 
dichloromethane (2 h, 0.48 ml Ac/O/0.4ml pyridine), 
using a mixture of trifluoroacetic acid/thioanisole/ 
ethanedithiol (20:5:1 ; 26 ml, 3 h at room temperature). 
After the resins had been filtered off, the peptides were 
precipitated with absolute diethyl ether and washed thor- 
oughly with dichloromethane and diethyl ether. The 
crude peptides were purified by liquid chromatography 
on a TSK-HW-40 (S) column (1.6 • 90 cm, elution with 
10 % acetic acid), and semipreparative HPLC using the 
Biotronik System (pumps BT 8100, UV-detector 
BT 3030) and a Nucleosil 7 Cls column (250 • 10 ram; 
gradient elution: 20 --, 60 % B in 30 min (A: 0.05 % TFA, 
B: 60 % acetonitrile in 0.05 % TFA). The identity of the 
synthetic peptides was proved by amino acid analysis and 
mass spectroscopy. 
For coupling to keyhole limpet hemocyanin (KLH), 
6 mg of synthetic thymosin/34 (1 - 15) and 6 mg of KLH 
were dissolved in 5 ml of phosphate buffered saline. Cou- 
pling was carried out with 120 gl of glutaraldehyde 
added in 20-~tl aliquots with stirring. Stirring continued 
for 3 h for the completion of the reaction and the sample 
was dialyzed against 1 1 of phosphate buffered saline 
overnight at 4 ~ 
For each immunization an aliquot corresponding to 
0.5 mg of thymosin/34 (1-15) was mixed with an equal 
volume of complete Freund's adjuvant for the prepara- 
tion of an emulsion, which was given to rabbits by mul- 
tiple intradermal injections. Antisera were collected 1 
week after the third and the fourth immunizations car- 
fled out at monthly intervals. Two out of three rabbits 
gave adequate titers. The antiserum used was designated 
L1. 
The synthetic analog [TyrlZ]-thymosin /34 (1-15) was 
radioiodinated by the chloramine T method as previous- 
ly reported for tracers prepared for e-thymosin radio- 
immunoassays 15'16. A quantity of 2.5mCi of 125I 
(Amersham) was added to 1.5 gg of the synthetic peptide. 
The radioiodinated peptide was purified from excess 
Na125I by forcing the sample through a Sep-Pak C18 
cartridge equilibrated with I M HCOOH/0.2 M pyridine 
(buffer A). The cartridge was washed with 20 ml of 
buffer A and the bound peptide was eluted with 20 % 
propanol solution in buffer A. 
For the radioimmunoassay, 12 txl of antiserum, 13 gl of 
preimmune serum, 100 gl of tracer solution correspond- 
ing to 30,000 cpm and 0.2 M phosphate buffer pH 7.0 to 
a final volume of 500 gl, were mixed in 5.0-ml plastic 
tubes. Samples were incubated overnight at 4 ~ The 
immune complexes were precipitated by the addition of 
500 gl of saturated ammonium sulphate. 30 rain later the 
tubes were centrifuged for 10 min at 5,000 rpm in a 
Heraeus Megafuge centrifuge. The supernatants were re- 
moved by aspiration and the pellets counted in a LKB 
7-counter, model Minigamma. 

48 (1992), Birkh~iuser Verlag, CH-4010 Basel/Switzerland 399 

Radioimmunoassay for parathymosin ~. A radioim- 
munoassay previously reported for parathymosin c~ 16 
has been improved in sensitivity by generating antibodies 
against the N-terminal synthetic peptide parathymosin 
(1-30), corresponding to the corrected N-terminal se- 
quence of parathymosin ~34 The synthetic analog 
[TyrXl]-parathymosin ~ (1-10) was used for labeling. 
These synthetic peptides were generously provided by 
Drs E. Heimer and A. Felix of Hoffmann-La Roche Inc. 
(USA). 
HPLC gel-filtration. Gel-filtration was performed at 
room temperature in a Waters Ass. HPLC system 
equipped with an LKB Ultropac column TSK G2000SW 
(7.5 x 600 mm) and a TSKSW9 precolumn. The buffer 
used was 0.2 M phosphate buffer pH 7.0. The sample 
was filtered through 0.45-1xm Sartorius filters (Minisart 
NML SM 16555). 

Results and discussion 
Thymosins were given this name because they were ini- 
tially isolated from thymus. Thymosin al,  the N-terminal 
segment 1-28 of prothymosin e, and thymosin/34, were 
the first to be discovered TM. Prothymosin e l  and 
parathymosin e2,17, partly homologous with prothy- 
mosin e, as well as thymosins /394 and /310 TM, both 
homologous with thymosin [/4, were discovered later on. 
Although thymosins have since been found in almost 
every tissue analyzed, the thymus still remains a major 
source of thymosins; it is the richest source for prothy- 
mosin ~ and the second richest for thymosin/34 (after 
spleen) 7, 3 v 

It was proposed that prothymosin e is a nuclear polypep- 
tide, on the basis of its structure, as it contains segments 
of dicarboxylic acid residues, and a putative signal pep- 
tide for accumulation in the nucleus (B/Thr Lys Lys Z 
Lys, where B stands for basic residues and Z for a polar 
residue) 38. However, experimental data are conflicting. 
Radiolabeled prothymosin e injected into the cytoplasm 
of Xenopus oocytes was found to be transfered to the 
nucleus zs. Also, constructs in which human prothy- 
mosin e nucleic acid sequence was fused in-frame near 
the amino terminus of a/3-galactosidase gene expressed 
in COS cells resulted in nuclear localization of the fusion 
protein 26. However, experiments using indirect im- 
munofluorescence and immunoelectron microscopy with 
monoclonal and polyclonal antibodies against thymosin 
cq showed the accumulation of cross-reactive material in 
the cytoplasm zv-z9, especially in cytoplasmic vacuoles 
of thymic reticuloepithelial cells 2s, 29. Measurements of 
the cross-reactive material in isolated nuclei and extranu- 
clear material in lymphoid and non-lymphoid calf tissues 
also showed an extranuclear localization 3o. The finding 
of low molecular-weight cytoplasmic RNA covalently 
bound to prothymosin e is in agreement with an extranu- 
clear location for prothymosin c~ 39, 4o. Recently, immu- 
noelectron microscopy showed the presence of thymosin 
el cross-reactive material both inside and outside the 
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nucleus (although it was claimed that the staining density 
was higher inside the nucleus) in cells of a rat small-intes- 
tinal cell line 31. 
In the present study, we extended the studies of intraceI- 
lular distribution to two other thymosins, parathymosin 

and thymosin //4. For this purpose, radioim- 
munoassays were developed for the measurement of 
these thymosins in isolated nuclear and extranuclear 
samples in calf thymus. 
The radioimmunoassay for thymosin//4 employs an anti- 
serum generated against the synthetic thymosin/~4 frag- 
ment 1-15 coupled to KLH by glutaraldehyde, and the 
radiolabeled synthetic analog [Tyr12]-thymosin //4 (1- 
15). It was found to cross-react with the intact thymosin 
//4 polypeptide (fig. 1). The useful range of this radioim- 
munoassay is 10-1000 pmoles of thyrnosin//4 per tube. 
Previous radioimmunoassays for thymosin//412-13 were 
based on antisera generated against isolated intact thy- 
mosin //4, with tracers being either tritiated thymosin 
//412 or (125I)[Tyrl]-thymosin//4 (31-43) 13. Their useful 
range was 5 - 100 pmoles and 0.1 - 10 pmoles of thymosin 
//4, respectively. Although the present radioim- 
munoassay is less sensitive, it represents the first radioim- 
munoassay for thymosin//4 based on antiserum generat- 
ed against a synthetic fragment of thymosin//4 and thus 
specific for the N-terminus of this polypeptide. 
The antiserum of the present radioimmunoassay does 
not cross-react with the second//-thymosin in calf tissues, 
i.e. thymosin //9, or the structurally unrelated ~-thy- 
mosin, prothymosin ~ (fig. 1). However, it does cross-re- 
act with thymosin//lo (present as the second//-thymosin 
in rat and human tissues) (fig. 1). The primary structure 
of thymosin//4 differs from those of thymosins//9 and 
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Figure 1. Comparison of the radioimmunoassays for thymosin/~4, its 
fragment thymosin/~4 (1-15), its homologous polypeptides thymosin/~9 
and thymosin/~10, and the ~-thymosin prothymosin ~. These compounds 
were separately incubated with the tracer [TyP2]-thymosin /~4 (1-15) 
over the indicated concentration range. Subsequent displacement of the 
tracer was assessed and any cross-reactivity indicated by calculating the 
percentage of tracer remaining bound to the antiserum. 

//lo at position 1 (Ser, Ala, Ala), 7 (Ala, Gly, Gly), 10 
(Glu, Asn, Ala), 11 (Lys, Ser, Ser) and 15 (Set, Ala, Ala). 
However, in position 6 thymosin //4 differs only from 
thymosin//9 (Metl Leu) but not from thymosin//lo (Met, 
Met). It is therefore possible that this is why this anti- 
serum cross-reacts significantly with thymosin //lo but 
not with thymosin//9. This speculation is corroborated 
by the report that an antiserum against intact thymosin 
//4 recognized two major epitopes located in sequences 
1-8 and 22-3212, the former containing the methionine 
residue at position 6. A similar cross-reactivity of 21% 
has previously been reported for an antiserum against 
intact thymosin//4 with thymosin//to 8. Our finding of a 
lack of cross-reactivity of the antiserum against thymosin 
//4 with thymosin//9 appears to be valid in the opposite 
direction as well, i.e. an antiserum against the thymosin 
//9 fragment 1-14 was reported not to show any cross-re- 
activity with thymosin //4 41. Therefore, with the present 
radioimmunoassay only thymosin //4 was measured in 
calf thymus extracts, since thymosin//9 does not cross-re- 
act, and thymosin//lo is not present in calf tissues. 
Radioimmunoassays for parathymosin e have been de- 
veloped by generating antibodies against intact parathy- 
mosin ~ 14 and the synthetic N-terminal fragment 1-30 
of parathymosin c~ 16 Tritiated parathymosin e and the 
radioiodinated analogue [Tyr13]-parathymosin e (1-12), 
respectively, were used as tracers. The latter radioim- 
munoassay, specific for the N-terminus of parathymosin 
c~, cross-reacted with intact rat parathymosin e with a 
useful range of 1-20 pmoles but not with human prothy- 
mosin e and rat thymosin//4 up to 500 pmoles (detailed 
results to be presented elsewhere). 
The bulk of the immunologically cross-reactive material 
for both thymosins was found in the extranuclear frac- 
tion, with traces only being observed in the nuclear frac- 
tion (fig. 2). For parathymosin e, the cross-reactive mate- 
rial extracted from the isolated thymic nuclei was 6.5 % 
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Figure 2. Levels of thymosin f14 and parathymosin c~ cross-reactive mate- 
rials in cellular fractions of calf thymus. Total, whole tissue extract. 
Aliquots of total, extra-nuclear and nuclear fractions of 100, 150 and 
500 Ixl for the thymosin f14 radioimmunoassay and 50, 70 and 400 pl for 
the parathymosin e radioimmunoassay respectively, were analyzed. 
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Figure 3. Separation by HPLC gel-filtration of peptides in the extranu- 
clear material. A volume of 500 Ixl corresponding to 1 g of fresh thymus 
was injected. The flow rate was 0.5 ml/min and 1-ml fractions were col- 
lected. Aliquots of 70 pl of the collected fractions were directly analyzed 
by the parathymosin c< radioimmunoassay. The perpendicular arrow indi- 
cates the position corresponding to the elution volume of parathymosin c~. 
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Figure 4. Separation by HPLC gel-filtration of peptides in the extranu- 
clear material. Aliquots of 100 ~tl from the collected fractions were direct- 
ly analyzed by the thymosin f14 radioimmunoassay. The perpendicular 
arrow indicates the position corresponding to the elution volume of 
thymosin f14, Other details as in figure 3. 

of that in the extranuclear compartment. The equivalent 
value for thymosin/~4 was 4.0 %. The combined intra- 
and extra-nuclear material cross-reacting with parathy- 
mosin c~ accounted for 94% of the total cross-reactive 
material extracted by extensive homogenization of whole 
tissue. In the case of thymosin/34, the value was only 
55 %. The reason for the lower value is not clear. The 
cross-reactive materials were further identified as intact 
parathymosin c~ (fig. 3) and thymosin/34 (fig- 4) by their 
elution volumes in gel-filtration HPLC. The peaks of 
cross-reactive materials corresponded to the elution vol- 
umes of isolated parathymosin 7 and thymosin/34, re- 
spectively 42, 43. 

I thas been reported that parathymosin a inhibits the key 
glycolytic enzyme phosphofructokinase-1 through a 
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Zn :+ dependent binding to the phosphofructoldnase-1 
protomers, so that a role of parathymosin ~ may be the 
regulation of cytosolic enzyme activity(ies) 44'45. Such a 
role would be consistent with an extranuclear location of 
this peptide. Using immunocytochemistry, parathymosin 

was observed outside the nucleus in many tissues 46. In 
rat brain, parotid glands, intestine and pancreas cells it 
was localized in the cytoplasm. In duodenal and jejunal 
crypt cells, however, immunostaining was restricted to 
the nucleus, whereas in more mature cells at the top of 
the villi parathymosin ~ was cytosolic 46. In Xenopus 
oocytes injected with radiolabeled parathymosin c~ and 
thymosin/34, the former polypeptide was found to mi- 
grate to the nucleus while the latter remained in the cyto- 
plasm 47. 

In conclusion, evidence from this and previous investiga- 
tions points towards the presence of c~- and/3-thymosins 
outside the nucleus in the thymus. However, there is a 
strong possibility that both prothymosin ~ and parathy- 
mosin ~ are differentially distributed in the nuclear and 
extranuclear cellular compartments in different tissues, 
or at different developmental or proliferation stages. Al- 
though an extranuclear localization for thymosin/34 has 
been reported 47, and present results support this, the 
appearance of this polypeptide in the nucleus under the 
conditions mentioned above for ~-thymosins cannot be 
ruled out. Further investigation to identify the factors 
which may influence the intracellular localization of thy- 
mosins is needed. 
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Abstract. Certa in  immunolog ica l  parameters  (i.e. low C D4  + T cell numbers ,  high serum soluble CD8)  have been 
described as prognost ic  factors for the progress ion of  h u m a n  immunodef ic iency  virus (HIV)  infect ion to later clinical 
stages. In  the present  s tudy we have fo u n d  in one h u n d r e d  HIV-infec ted  Spanish  pat ients  (81% drug  abusers,  7 %  
homosexuals ,  6 % heterosexuals,  an d  6 % other  or u n k n o w n  risk groups)  tha t  C D l l b  + per ipheral  b lood  m o n o n u -  
clear cells are increased in those with persis tent  l y m p h a d e n o p a t h y  as compared  to other  clinical stages (asymptomat ic ,  
AIDS-re la ted  complex and  AIDS) .  Serum IgA was significantly increased in A I D S  pat ients ,  and  in pat ients  at any  
other  clinical stage who had  co n co mi t a n t  infect ions (mainly  mycobacter ia l  and  fungal).  C D l l b  (an in tegr in  with 
complemen t  receptor  funct ions)  m a y  thus  be of  clinical interest  for the s taging of  HIV-infec ted  pat ients ,  and  reflect 
stage-selective immunolog ica l  changes in  m o n o n u c l e a r  cell b iology dur ing  H I V  infect ion.  High  IgA on  the other  
hand ,  would  be a marke r  of  c o n co mi t a n t  infect ion as well as o f  disease progression.  The results concern  most ly  drug  
addicts  (the m a i n  risk group  in  Spain),  bu t  m a y  apply  to the other  risk groups  because no  signif icant  differences were 
detected be tween drug addicts  (n = 81) and  n o n - d r u g  addicts  (n = 19) for the s tudied variables  (p > 0.05). 
Key words. Monocy tes ;  na tu ra l  i m m u n i t y ;  IgA;  CD 11 b;  h u m a n  immunodef ic iency  virus. 

In  order  to u n d e r s t a n d  the pathogenesis  an d  na tu ra l  his- 
tory o f  infect ion with the h u m a n  immunodef lc iency  virus 
(HIV) it is i m p o r t a n t  to identify factors tha t  correlate 
with, and  possibly con t r ibu te  to, the ou tcome of  the 
infection.  Several epidemiological  studies have con-  
f i rmed the crucial  role of  reduct ions  in C D 4 +  T cells and  
of  increases in  serologic markers  of  lymphocyte  activa- 

t ion  (soluble CD8,  CD25  and  f l2microglobul in)  in  the 
progress ion of  HIV  infect ion 1, 2. Pheno typ ic  and  func-  
t ional  changes in  other  i m m u n e  cells, like monocytes ,  
m ay  also be of  interest,  par t icular ly  since this cell type 
can  also be a target  of  H I V  infect ion,  as has indeed been 
previously repor ted  3. We therefore s tudied one hund red  
HIV-infec ted  Spanish  pat ients  to de termine  the changes 


