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Thymus derived lymphocytes (T cells) represent a population 

of cells that is replenished by differentiation of precursor 

cells, even in the adult organism. Thus a lineage has been 

traced whereby thymocyte precursors originate in the hemopoetic 

tissue and migrate to thymus, differentiating therein to thymo-

cytes. Thymocytes in turn give rise to a number of subclasses of 

more mature Τ cells which can be detected in the thymic medulla 

(Cantor and Boyse, 1975), and which leave the thymus to form the 

Τ cell population of the lymphoid tissues, blood and lymphatics. 

The differentiation of thymocytes from precursor cells can be 

induced in vitro (Komuro and Boyse, 1973) and is monitored by the 

rapid appearance on the cell surface of differentiation alloanti-

gens. Specific alloantisera generated between inbred or congenic 

mouse strains identify differentiation alloantigens on the Τ cell 

surface, the reaction being measured by the cytotoxicity test. 

The cell surface of the thymocyte can be characterized in appro-
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priate inbred strains as having the following phenotype: TL
+
, 

Thy-1+, Ly-1+, Ly-2+, Ly-3+, Ly-5+ and G I X

+
. 

These antigens are not present on cells found in low density 

fractions of murine spleen or bone marrow, and Komuro and Boyse 

(1973) showed that a proportion of this population of cells could 

be induced to display these antigens after a brief incubation 

period in vitro with certain tissue extracts. This constitutes 

the Komuro-Boyse assay and is a model system for Τ cell differ-

entiation in vitro. 

I. THE KOMURO-BOYSE ASSAY 

An enriched population of inducible cells was prepared by 

centrifuging spleen cells in a discontinuous density gradient of 

bovine serum albumin. Inducible cells, which have a lower densi-

ty than the majority of spleen cells, accumulated in a less dense 

fraction termed the Β layer. Β layer cells were incubated with 

an inducing agent (see below); after two hours approximately 25% 

of the cells developed Τ cell alloantigens on their surface, as 

detected by the cytotoxicity test. 

Studies utilizing this assay of in vitro differentiation of 

Τ cells have revealed a number of important points. First, the 

nature of the alloantigen expressed depends on the genetic back-

ground of the mouse from which the inducible cells were obtained. 

Thus, as stated above, the cells from an appropriate strain will 

manifest TL, Thy-1, Ly-1, Ly-2, Ly-3 and G I X. However, cells 

from a TL" mouse, for example, cannot be induced to develop TL. 

Thus the inducing agent cannot be responsible for the genetic in-

formation incorporated in the manifested antigens; rather it must 

act as a trigger to initiate manifestation of a pre-existing ge-

netic program within the precursor cell. 

The action of inducing agents is likely mediated by a cyclic 

AMP second message (Scheid et al., 1975a). Cyclic AMP itself is 
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an effective inducing agent and drugs such, as theophylline and 

iinmidazole, which modify intracellular levels of cyclic AMP, ap-

propriately effect the action of other inducing agents. The 

finding that cyclic AMP mediates induction of Τ cell differentia-

tion further emphasizes that the inducing agent must act as a 

trigger and does not itself carry instructions for details of the 

induced differentiation program, which is contained within the 

inducible cells. 

Many polypeptide hormone actions are mediated by a cyclic AMP 

second message. In these cases the action of the physiological 

hormone can be mimicked by other agents which elevate intracellu-

lar cyclic AMP. Thus it would not be surprising to find that the 

action of the physiological hormone which induces Τ cell differ-

entiation could be similarly mimicked, and this has indeed been 

found to be the case. Scheid et al. (1973) reported that a large 

number of substances were capable of inducing Τ cell differentia-

tion in vitro in the Komuro-Boyse assay. These included epine-

phrine, isoproterenol, poly AU and bacterial endotoxin. The ef-

fect of a putative thymic hormone preparation termed thymosin 

fraction V (A. L. Goldstein et al., 1972) was of particular in-

terest. This extract was active in inducing Τ cell differentia-

tion but similarly prepared extracts of spleen or muscle were al-

so effective. Clearly inducing activity in the Komuro-Boyse as-

say was not a sufficient criterion for defining a putative thymic 

hormone. A further criterion was formulated; a thymic hormone 

should be active in the Komuro-Boyse assay but should not trigger 

differentiation of a cyclic AMP mediated inductive event in an-

other cell type. 

A parallel assay of Β cell differentiation was developed to 

serve as a control. This involved the differentiation of Β cells 

lacking complement receptors to cells bearing complement recep-

tors (termed CR
+
 Β cells) (Goldstein et al., 1975, Scheid et al., 

1975 a, b ) . This B cell differentiation in vitro was similar to 

the Τ cell differentiation in that it was also mediated by cyclic 
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AMP and developed with, two hours incubation in vitro. The vari-

ous non-thymus-related substances capable of inducing Τ cell dif-

ferentiation in vitro were also found to induce this Β cell dif-

ferentiation in vitro. The one substance that has been found to 

be specific for Τ cell differentiation in vitro and not to also 

induce CR" to CR
+
 Β cell differentiation is thymopoietin (see 

below) . 

II. INDUCING AGENTS 

Thymopoietin is a 5,562 molecular weight polypeptide that was 

isolated from bovine thymus (Goldstein, 1974). Thymopoietin was 

isolated by its presumably secondary effect on neuromuscular 

transmission and not by its effect on Τ cell differentiation. 

The neuromuscular effect was detected in the course of experi-

ments related to the human disease myasthenia gravis in which 

thymic disease is regularly associated with a deficit of neuro-

muscular transmission. The neuromuscular lesion was shown to be 

caused by a substance present in thymus and this proved on isola-

tion to be thymopoietin. Purified thymopoietin is active in nan-

ogram amounts in causing a detectable neuromuscular deficit in 

mice (Goldstein, 1974). Of most interest, however, was the find-

ing that purified thymopoietin was effective in concentrations 

down to 20 picogram/ml in inducing the in vitro differentiation 

of Τ cells in the Komuro-Boyse assay (Bäsch and Goldstein, 1974). 

Furthermore, thymopoietin was shown to be selective in its action 

in that it induced Τ cell differentiation and not the differentia-

tion of CR" to CR
+
 Β cells (see above) (Goldstein et al., 1975). 

Thus we believe thymopoietin to be the thymic hormone acting 

physiologically in vivo to induce Τ cell differentiation in the 

thymus and the evidence for this is both specificity of isolation 

(that is the neuromuscular effect, which is unambiguous, can only 

be detected in extracts of thymus and not other organs) (Gold-
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stein, 1968, 1975} and also selectivity of target action in that 

thymopoietin induces Τ cell differentiation but does not induce 

CR" to CR+ Β cell differentiation (Goldstein et al., 1975). 

The complete 49 amino acid sequence of thymopoietin has been 

determined (Schlesinger and Goldstein, 1975a) and a 13 amino acid 

fragment (tridecapeptide) corresponding to positions 29 to 41 has 

been synthesized (Schlesinger et al., 1975a); this tridecapeptide 

retains the selective activity of the parent thymopoietin molecule 

on in vitro differentiation of Τ cells (Schlesinger et al., 1975a) 

and also causes the neuromuscular effect of thymopoietin (Gold-

stein and Schlesinger, 1975), 

Ubiquitin is a 8,451 molecular weight polypeptide that was 

first isolated from thymus extracts because it was the most copi-

ous polypeptide present in the molecular size range of thymopoie-

tin (Goldstein et al., 1975), Purified ubiquitin did not effect 

neuromuscular transmission and was therefore discarded as a can-

didate for the neuromuscular-blocking hormone in thymus. However 

purified ubiquitin was found to have some interesting effects in 

the in vitro differentiation systems. In concentrations ranging 

from 1 to 100 nanogram/ml ubiquitin induced not only the differ-

entiation of Τ cells but also the differentiation of CR" to CR
+ 

Β cells. Thus this polypeptide isolated from thymus extracts 

could mimic the action of the thymus hormone thymopoietin but al-

so had non-thymus-related effects such as the differentiation of 

CR" to CR
+
 Β cells. 

That ubiquitin is not related to a thymic hormone is further 

emphasized by its widespread distribution; it is found in all 

tissues by Polyacrylamide gell electrophoresis and this distribu-

tion is confirmed by the findings with a sensitive and specifice 

radioimmunoassay; ubiquitin is not only present in all mammalian 

tissues tested but also in extracts of tissues from fish, squid, 

yeast, bacteria and even higher plants such as celery. This ex-

traordinary conservation and widespread distribution prompted us 

to name this polypeptide ubiquitin. Small amounts of ubiquitin 
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have been prepared from Ε coli and celery and preliminary sequence 

data indicate strong conservation of amino acid sequence and func-

tion of ubiquitin from phylogenetically distant celery on murine 

Τ cell differentiation in vitro. 

The complete 74 amino acid sequence of ubiquitin has been de-

termined for cattle and man, being identical in both (Schlesin-

ger, Goldstein and Niall, 1975, Schlesinger and Goldstein, 1975b) 

and a 16 amino acid fragment (hexadecapeptide) has been synthe-

sized (Schlesinger et al., 1975b) which retains the non-selective 

action of the parent molecule in inducing both Τ cell and CR"" to 

CR
+
 Β cell differentiation in vitro (this is in contrast with the 

selective action of the tridecapeptide fragment based on the se-

quence of thymopoietin). 

The inductive effects of ubiquitin are blocked by the 3-

adrenergic blocking substance propranolol (which does not effect 

the inductive action of thymopoietin) (Goldstein et al., 1975). 

Thus we infer that ubiquitin engages widespread ß-adrenergic re-

ceptors linked to adenylate cyclase and thus triggers induction 

of differentiation in a number of precommitted precursor cells, 

each type manifesting its precommitted program. Thymopoietin re-

ceptors, which would be discreet from the 3-adrenergic receptors 

engaged by ubiquitin, would likely be restricted to the prothymo-

cyte, and thus thymopoietin would selectively induce elevations 

of intracellular cyclic AMP in this class of precommitted precur-

sor cells. 

These studies clearly establish that ubiquitin has no physio-

logical relationship to the action of thymic hormones yet they 

emphasize the difficulties of assaying for an organ-specific in-

ductive effect in the presence of large amounts of a substance 

capable of mimicry. Ubiquitin is present in virtually all tissue 

extracts. In the light of these findings we were fortunate that 

thymopoietin was isolated by the unambiguous neuromuscular assay 

which was dependent on a secondary effect of the thymopoietin 

molecule. These considerations would probably apply in other in 
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vitro inductive assays of differentiation and may well account 

for the previous findings that although embryonic inductions could 

be observed with tissue extracts these were found, in general, to 

be not specific for the appropriate inductor tissue, being mim-

icked by inappropriate tissue extracts (Boyse and Abbot, 1974). 

Such problems may be worth re-investigating in the light of our 

new-found knowledge of the presence and effect of ubiquitin, since 

ubiquitin effects in tissue extracts can be selectively prevented. 

III. MOLECULAR MECHANISMS OF DIFFERENTIATION 

The rapid in vitro differentiation of Τ cells induced by thy-

mopoietin presents a valuable model for the study of molecular 

mechanisms of differentiation. Thymopoietin, a chemically de-

fined inducing agent, induces, within 2 hours, the manifestation 

of serologically defined molecules on the cell surface which 

represent the products of at least 6 unlinked genes. 

The initial steps of induction involve the elevation of 

intra-cellular cyclic AMP (see above). What are the ensuing mo-

lecular events leading to the expression of cell surface anti-

gens? Our preliminary studies with drugs effecting macromolecu-

lar synthesis show that DNA replication (corresponding to cell 

division) is not necessary (Storrie et al., 1975). Thus cytosine 

arabinoside or hydroxyurea, in amounts that inhibited DNA repli-

cation, did not effect the induction by thymopoietin of TL anti-

gen on the cell surface of prothymocytes. However, drugs affect-

ing the production of messenger RNA transcripts (actinomycin D, 

camptothecin and cordycepin) did block induction of TL and Thy-1, 

as did drugs effecting the translation of messenger RNA (puromy-

cin and cycloheximide). 

These preliminary studies suggest then that transcription and 

translation of messenger RNA is involved in Τ cell differentia-

tion induced in vitro by thymopoietin. Whether this actually in-
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volves the transcription and translation of the structural infor-

mation for the antigens themselves, or whether regulatory mole-

cules are involved, has yet to be answered. It should be empha-

sized that the cell surface changes we are observing in the Ko-

muro-Boyse assay may represent an early phase of a more prolonged 

differentiation program. While replication is clearly not neces-

sary for the cell surface changes observed it may be necessary 

for the full development of the differentiation program and pro-

duction of later, perhaps functional, Τ cells. These studies of 

Τ cells differentiation in vitro are only just beginning. We be-

lieve that they offer an unusual opportunity for analyzing the 

molecular mechanisms involved in the fulfillment of a precommit-

ted differentiation program within a eukaryotic cell. 
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