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Introduction 

In the last two decades our understanding of the important physiologic role of the 
thymus within the immune system has improved dramatically: In the early sixties it 
was established that the thymus regulated the development of the immune system 
and that neonatal thymectomy.resu!ted in a marked progressive depression of the 
immune system usually leading to death of the animals by ovei'whelm!ng infections 
[4, 59, 65"]. It was then found that partial or complete restoration of the immune 
function could occur following, implantation, of thymus glands [24"] or cell- 
impermeable Millipore diffusion cha.mbers containing normal thymus tissue [61, 
72] or thymomas [90], or by celt-free thymic extracts [36, 41,973. 

As the first reports of restoration and/or modificatidn of immune functions were 
reported [5, 36, 60, 981, it became clear that the thymus had an endocrine function 
and that it secreted a family of hormone-like polypeptides which have been 
collectively named thymic hormones (TH). It is now very well established that these 
hormones are produced by the thymic epithelial cells [48, 49, 5I], and that at least 
some of them are released into the bloodstream [62, 67, 70"1. Recent studies have 
shown that cells from other organs, such as brain [45.] and spleen [47, 55], are also 
able to produce some peptides similar in sequence and properties to some TH, 
indicating that in addition to their influence in the thymic microenviroment, TH 
may act in a hormone-like fashion in other parts of the body as well. Although 
considerable progress has been made in this area, the mechanisms by which the 
thymus regulates the development of a competent immune system in health and its 
role in disease are only beginning to be understood at the biochemical, cellular, and 
molecular levels. 

There are extensive reviews in the literature [7, 37, 39, 63, 81-83, 88, 91,106] to 
which the reader is referred for detailed information covering the studies that have 
lead to the current knowledge of the physiology of the thymus gland and its 
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hormones. In this review, the main emphasis will be placed on the role of TH in 
aging and the possible implications of their use in the treatment of disease. 

A number of different TH preparations are being tested for their therapeutic 
potential in clinical settings. Some of these preparations are partially purified, i. e., 
thymosin fraction 5 (TF5) [36, 54], thymostimulin (TS) (TP1) [28], thymic humoral 
factor (THF) [97], and thymic factor X (TFX) [87, 88], while others are 
homogeneous preparations, like thymosin ~. 1 [102], thymopoietin [41], and 
thymulin (FTS) [12, 17]. As can be seen in Fig. 1, these well characterized TH 
peptides are small molecules less than 50 amino acids (AA) long. In some cases, the 
biologically active portion has been able to be traced to certain portions of these 
molecules. For example, the biologic activity of thymosin ~ 1 with regard to in vivo 
stimulation of interleukin 2 (IL2) production and enhancement of helper T-cell 
function, appears to be restricted to the N-terminal AA 1-14 (N-14) of the 28 AA 
sequence [22, 31], while in thymopoietin, the biologic activity has been shown to 
reside in a pentapeptide, named TP5, corresponding to the residues 32-36 of the 49 
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Fig. 1. Sequence anMysis of well-characterized thymic hormones 
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AA sequence [42] (Fig. 1). Both N-14 of thymosin c~ 1 and TP5 have been 
synthesized and have been shown to be active in in vivo and in vitro studies [83]. 

The major clinical conditions associated with immune abnormalities in which 
TH may be therapeutically useful are aging, infectious diseases, primary and 
secondary immunodeficiences, autoimmune diseases, and cancer. We will describe 
the current status and the future perspectives of TH research in each of these areas. 

Thymic Hormones and Their Role in Aging 

The increase in the average life span of humans during the last century has been 
accompanied by a parallel increase of a number diseases associated with aging, 
including cancer, certain infectious and autoimmune diseases. The decline of 
immunocompetence with aging has been correlated with the increased incidence of 
these diseases [20, 38, 64, 101] and extensive reviews describing the changes in the 
immune system during the aging process have recently been published [20, 64, 10t]. 
Although the decline of the immune system is accompanied by alterations in all its 
compartments, the most affected appears to be the T-cell compartment [20, 38, 64, 
101]. Decline in T cell mitogen-induced proliferation, allogeneic mixed leukocyte 
reaction (MLR), cytotoxic T lymphocyte responses (CTE), helper T-cell activity, 
IL2 production, IL2 receptor expression, calcium uptake, PNP activity (PNP- 
purine nucleoside phosphorylase), adenylate cyclase activity, etc have been 
observed in T-cells from aging individuals and animals [64, 101]. These changes 
lead t o  an increased susceptibility to infections, decrease resistance to tumor 
growth, and an increased incidence of autoimmune diseases, probably secondary to 
an immunologic imbalar~ce resulting in an increased response towards self antigens 
[38], characterized by a rise in the frequency of autoantibodies observed in aged 
individuals [64]. 

The thymus gland controls the maturation and differentiation ofT-cells leading 
to normal function. The involution of the thymus, which starts at puberty, appears 
to precede a decline in thymic function and thymic-dependent immunity [38]. This 
phenomenon is accompanied by a decline in the levels of TH (i. e., thymosin, FTS, 
and thymopoietin) detectable in serum after puberty. However, thymosin-like 
activity is demonstrable in serum with advancing age, but at reduced levels, 
probably due to the fact that some epithelial cells of the endocrine thymus remain 
functional [38] and the possible contribution of extra-thymic sites of TH 
production (see above). 

Direct evidence of the involvement of the thymus in the aging of the immune 
system has been provided by experiments showing that adult thymectomy 
accelerates the age-related decline in the immune system, and that the success of a 
thymic transplant in reconstituting thymectomized mice is inversely proportional 
to the age of the adult thymus donor [38]. Very recently, evidence was presented 
that sequential multiple graftings of syngeneic newborn thymus were able to 
partially restore immunocompetence in aging mice and extend their mean 
remaining life expectancy, without altering their maximal life-span [53]. 
Confirmation of these experiments by others may provide a model to directly study 
the role of the thymus gland in the aging process. 

The study of the number and distribution of thymus epithelial cells at different 
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ages has demanstrated that there is a decrease in the number of TH-secreting cells, 
particularly after the third decade, which parallels the changes in thymus lymphoid 
volume and in blood levels of humoral factors [85]. However, these studies 
demonstrated a biphasic age-dependency in thymosin positive cells, with the highest 
positive-cell content found in the early post-natal period (2-4 months of age) and at 
20-30 years, suggesting that the thymus humoral function is more complicated than 
suggested by the serum levels [85]. The authors hypothesized that feed-back 
mechanisms, the existence of which have been already demonstrated for FTS [78], 
may play an important role in this phenomenon. A decrease in the thymic epithelial 
cells with age has also been documented for cells containing thymosin ~ 1 [52] and 
FTS [79]. 

One of the mechanisms by which the thymus gland exerts its effects is the release 
of thymic factors, providing a clear rationale for the study of the in vitro and in vivo 
effects of TH on immune cells from aged animals and individuals. A number of 
studies have addressed this problem [38], and variable degreesof restoration of the 
immune response have been reported with several TH, including in vitro decrease in 
the formation of autologous rosette-forming cells (ARFC) (which are increased in 
the spleen of aged mice), partial reconstitution of T-cell mediated cytotoxicity and 
proliferative reponses, increases in T-cell helper activity and MLR, etc [16, 34, 38, 
101]. In contrast, variable or no effects were observed on other immunologic 
parameters like Con A-induced IL2 production after in vitro preincubation with 
THF [43] and on the number of T-cells after in vitro incubation with TF5 [16]. 

Finally, it is worth mentioning recent in vitro studies which demonstrated that 
supernatants from thymic adherent cells were able to augment the antigen/mitogen 
responses of thymocytes of 2 to 4-week-old mice if the donor of the thymic adherent 
cells were 2.5-month-old [77]. However, this augmenting factor was not present in 
the supernatant if the cells were obtained from 5-month-old donors. Additionally, it 
was shown that the supernatants from cells of 20-month-old donors contained an 
inhibitory factor [77]. 

With regard to the use of well characterized TH in vivo, a number of interesting 
experiments have been performed employing thymosin • 1. Injection of old mice 
with thymosin e 1 increases in vitro mitogen-induced IL2 production [31] and 
specifically enhances the in vitro T-cell dependent activity of their spleen cells [22]. 
Furthermore, these activities appear to be restricted to the N-terminal AA 1-14 (N- 
14) of the molecule, since the injection of N-14, but not C-14 (C-terminal AA 15--28), 
is as effective as the injection of the entire thymosin ~ 1 molecule [22, 31]. Since cells 
from thymosin :c t-injected old mice appear to also display an enhanced response to 
exogenously added IL2, it is postulated that thymosin e 1 enhancement of T-cell 
helper activity by spleens of injected of old mice is mediated by changes in both IE2 
production and responsiveness to IL2 [31]. 

In another series of experiments, the effects of TF5 and thymosin ~ 1 on the in 
vitro specific antibody response by lymphoid cells from in vivo immunized young 
and old individuals with influenza and tetanus toxoid vaccines have been studied 
[25, 26]. It was demonstrated that TF5 and thymosin ~ 1 were able to enhance the 
specific antibody responses to a trivalent influenza vaccine to a greater extent in 
cultures established from elderly volunteers [25], while TF5 was able to increase the 
antibody response against tetanus toxin of 7/10 individuals from the elderly group 
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and of 3/12 volunteers from the younger group [26]. Additionally, it was 
demonstrated that thymosin c~ 1 injection was able to increase the specific antibody 
production against tetanus toxoid of inoculated young and old mice [27]. Therefore 
authors suggested that thymosin may be useful as an adjuvant to active 
immunization for the elderly. 

Compatible with these observations are the results of a clinical trial designed to 
study the immunoprophylactic effects of TPI. In this study, 40 hospitalized aged 
individuals with no evidence of autoimmune, neoplastic, or acute infectious diseases 
were divided into two groups: one received no therapy and the other was treated 
with TPI for 3 months. Individuals were followed for 180 days and several immune 
parameters, including Ig and complement levels, sheep rosette-forming cells, 
absolute lymphocyte numbers and sedimentation rate, were monitored. The 
incidence of new infections was also determined. Results showed a significant 
reduction of infections and a decreased sedimentation rate in the TPl-treated 
groups, while the other parameters remained unchanged [74]. 

Although additional research in animal models and in vitro systems is required 
to further determine the role of TH during the aging process, the studies completed 
to date point to a potentially important use of TH as therapeutic modalities in the 
prevention and/or treatment of diseases associated with aging and the senescence of 
immune responses that occurs with the aging process. 

Infectious Diseases 

Immunosuppressed animals have been routinely used as models to study .the role of 
TH in the protection against infectious agents in immunocompromised patients. 
Studies to date are very encouraging for the possible therapeutic application in 
immunosuppressed patients. It has been demonstrated that in vivo administration 
of TF5 or thymosin e 1 enhanced immunity and improved survival of immunosup- 
pressed mice infected with BCG [15], candida, or cryptococcus, and also enhanced 
the production of interferon in mice infected with Newcastle disease virus [81]. 
More recently, studies using nine inbred strains of mice with different degrees of 
susceptibility to infections with Candida albicans, have demonstrated that the 
injection of TF5 increased the resistance to Candida albicans by some of the 
susceptible strains, but decreased the resistance of the resistant strains [75]. In 
contrast, TF5 enhanced delayed hypersensitivity reactions to specific antigen of the 
resistant-sensitized mice, while no effect was observed in the susceptible strains [75]. 
Further experiments in this system have shown that the capacity of a particular 
strain to increase its resistance to the infectious agent after in vivo administration of 
TF5 parallels its capacity to increase, the in vivo release of MIF and gamma 
interferon [69]. Additionally, it was demonstrated that TF5 was able to increase in 
vivo delayed hypersensitivity responses, MIF production, and enhance resistance to 
infections with Candida albicans in mice treated with alloxan. Alloxan induces a 
diabetic state characterized by hyperglycemia and a marked decrease in the cellular 
immune responses to Candida [76]. 

Other interesting observations reported recently involve the projection of 5-FU 
immunosuppressed mice against opportunistic infections (i. e., Candida albicans, 
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Listeria monocytogenes, Pseudomonas aeruginosa, and S~rratia marcescens) by 
injection of TF5 and thymosin a 1 [58]. Finally, it has been shown that TP5 is able to 
greatly increase the survival rate and mean survival time of burned guinea pigs (20% 
of body surface) after being challenged with P. aeruginosa [89]. 

In humans, TH are beneficial in enhancing the in vitro response to influenza and 
tetanus toxoid vaccines in old individuals (see above). In vivo, clinical studies using 
various TH preparations, including THF, TFX, and TS, have suggested that they 
can be of benefit to patients with viral infections (i. e., Herpes zoster, Herpes simplex, 
adenovirus, hepatitis, and cytomegalovirus), since these TH were able to shorten the 
course of viral infections and accelerate the restoration of T-cell immunity in such 
patients [81]. Unfortunately, these studies did not include randomized clinical trials 
and therefore they can not be interpreted as conclusive evidence for the efficacy of 
TH in viral infections. However, more recently two randomized clinical trials 
involving control groups of patients have been reported. In one, TS treatment 
successfully decreased the number of recurrences of Herpes simplex labialis infection 
and improved several immunologic parameters in immunosuppressed patients with 
recurrent Herpes simplex labialis infection as compared to a placebo group [3]. In 
the second study, TS was found to improve the score for respiratory infections and 
distribution of T-cell subsets in children with recurrent respiratory infections as 
compared to a control group of untreated patients [19]. 

Thus, it appears that TH may be of therapeutic relevance in preventing or 
attenuating infectious diseases in immunocompromised hosts, although additional, 
well controlled clinicals trials and the development of additional animals models are 
required. ' 

Immunodeficiencies 

The observations that TH are able to stimulate immune responses in immunocom- 
promised animal models, provided the rationale for the initiation of clinical trials 
with thymic preparations in patients with primary and secondary immuno- 
deficiencies. 

Primary lmmunodeficiencies 

Primary immunodeficiencies include a number of syndromes related to congenital 
defects of the immune system. They may involve B, T or both lymphocyte 
populations. The in vitro effects of TH on PBL from these patients have been 
documented for TF5, THF, thymopoietin, TP5, and thymulin 1-81, 83, 103]. The 
most frequently observed change was an in vitro increase, although not a complete 
normalization, in the percentage and numbers of E-rosette-forming cells after 
incubation with TH. In addition, TF5 was found to enhance the MLR responses of 
lymphoid cells from a subgroup of primary immunodeficiency patients [103]. 

Several of the TH preparations, including TF5, TS, TP5, thymulin, THF, and 
TFX, have already entered clinical trials [2, 7, 18, 81, 83, 88, 103]. The 
administration of these preparations to children with primary immunodeficiencies 
is based on the effects observed in animals and on patient's PBL in vitro and is an 
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attempt to replace the activity of the endocrine thymus. One of the problems 
involved in analyzing these trials has been the low incidence of these diseases which 
precludes randomized trials with placebo groups. However, immunoreconstitution 
has been achieved in a significant number of cases reported. The most consistent 
results were observed in children with DiGeorge syndrome [83]. 

Improvements in the immune cell function of these patients have been reported 
with TF5 [81, 103], TP1 and TP5 [2], and thymulin [7]. Additionally, improve- 
ments have been observed in patients with ataxia-telangiectasia syndrome (A-T) 
treated with thymulin [7] and in patients with Wiskott-Aldrich syndrome treated 
with TF5 [81] and occasionally in some combined immunodeficiency disease (CID) 
patients treated with TF5 [103], and A-T syndrome patients treated with THF [46]. 
From the reported studies it appears that the patients most likely to benefit from the 
TH therapy are those with the mildest immune defects. In contrast to the above 
mentioned trials, no beneficial effects have been observed in severe CID or most 
patients with chronic mucocutaneous candidiasis [103]. It has been suggested that 
the lack of response in SCID patients is based on the fact that the defect appears to 
be at the stem cell level, and therefore these patients lack a population of TH- 
responsive pre-T cells. 

In summary, clinical trials on the effects of TH in primary immunodeficient 
patients have suggested that TH are effective in reconstituting cellular immunity 
and improving the clinical status in these patients. Further trials involving an 
increased number of patients are warranted to conclusively establish the therapeutic 
value of TH in these syndromes. 

Secondary Immunodeficiencies . 

Secondary immunodeficiencies are usually associated with a number of clinical 
situations like severe burns, viral infections, chronic renal failure, autoimmune 
diseases, cancer, etc. TH appear to be effective in improving the immune status in 
animals affected by several of these diseases. In vitro it has been demonstrated that 
TH are able to improve the percentage of E-rosette forming cells from patients with 
severe burns, viral infections, uremia, tuberculosis, etc [83-]. Furthermore, it has 
recently been reported that thymosin 134" was able to increase in vitro to 
almost normal levels the percentage of helper T cells (OKT4+ cells) and all 
peripheral T cells (OKT3 + cells) without changing the percentage of suppressor T 
cells (OKTS+ cells) in patients with chronic renal failure [1]. It is known that 
OKT3 + and OKT4 + cells, but not OKT8 + lymphocytes, are decreased in these 
patients. No effect was observed in normal individuals [1]. 

Although some clinical trials are reportedly under way, like the case of patients 
with severe burns [89"], most of them have involved immunosuppressed patients 
with infectious diseases. We will focus now on the acquired immunodeficiency 
syndrome (AIDS). This syndrome, which appears to be caused by a retrovirus 
termed HTLV IIl, is characterized by an increased number of opportunistic 
infections, a progressive crippling of the thymus-dependent immune system, the 
presence of Kaposi sarcoma and other tumors in about 40~o of the cases, and is 
usually fatal within 2 years [23, 29-]. It affects predominantly young homosexual 
males, but has also been observed in increased numbers in other high-risk groups, 
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including hemophiliacs and i. v. drug users [23, 29]. It now appears that AIDS has 
been present in central Africa for about 10 years, and may have originated from that 
area [80]. A number of immunologic abnormalities have been described [23, 29, 
50], including an inversion of the T4/T8 ratio due to a deficiency in helper T cells, 
abnormally elevated levels of thymosin e 1 (in both adult and pediatric AIDS 
patients), decreased response to mitogens and antigens, decreased MLR, decreased 
IL2 production, etc [9, 23, 29, 40, 50, 68]. We [68] and others [44] have attemped to 
immunologically reconstitute these patients with TH. A pilot clinical trial to 
evaluate the in vivo and in vitro potential of TF5 to immunorestore homosexuals 
and hemophiliacs at high risk of contracting AIDS, who already exibited a 
depressed T4/T8 ratio, has just been completed [68, R. S. Schulof, M. B. Sztein, A. L. 
Goldstein et al. submitted for publication]. Results indicate that TF5 is able to 
increase MLR and mitogen-induced IL2 production in vitro (G.L.Simon, R.S. 
Schulof, M. B. Sztein, A. L. Goldstein et al. submitted for publication). Additionally, 
treatment of these patients for 10 weeks have also lead to an improvement in 
allogeneic MLR and mitogen-induced IL2 production by PBL obtained from these 
patients at several time points. Positive immunomodutation was restricted to a 
group receiving 60 mg TF5/m':  30 and 120 mg TF5/m 2 were not effective. No 
responses were observed in other immunologic parameters, including NK, T4/T8 
ratios, absolute T cell numbers, etc [83, R. S. Schulof, G. L. Simon, M. B. Sztein, A. L. 
Goldstein et al. submitted for publication]. It is interesting to note that, as was the 
case for the treatment of primary immunodeficiencies, the patients that appear to 
benefit the most are those with the least compromised immune system. A clinical 
trial administering thymosin.¢ 1 to a. similar groul d of patients at high risk of 
developing AIDS has just been started to confirm and extend the preliminary 
findings using TF5 (R.S. Schulof, M.B. Sztein, A.L. Goldstein et al. (in 
preparation)). 

Autoimmune Diseases 

It is currently accepted that the emergence of autoimmunity is associated with an 
immunoregulatory T-cell imbalance, probably due to a decrease in T-lymphocyte 
suppressor cell activity, which leads to an uncontrolled antibody production by B- 
tymphocytes and T-cell dyscrasias. Several animal models have been established as 
correlates of human autoimmune disorders. One that has been used extensively as a 
model of human systemic lupus erythematosus (SLE) is the NZB mouse. Evidence 
obtained in the last few years supports the hypothesis that an abnormality of the 
endocrine thymus may be involved in the development of autoimmunity in NZB 
mice [81]. A decrease in FTS-like activity in the sera of these mice precedes the onset 
of the disease and grafting of a newborn thymus to an adult NZB mice can correct 
some of the defects associated with the disease (i. e., autoimmune hemolytic anemia) 
[81]. Additionally, a number of the immune abnormalities associated with this 
disease can be partially corrected by the administration of several thymic 
preparations, including TF5, FTS, THF, TP5, and thymopoietin. For example, TF5 
after short-term administration has been demonstrated to restore the capacity of 
lymph node lymphocytes to respond to PHA and Con A and increase MLR 
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responses [32] and induce some reduction in the production of antinucleic acid 
antibodies [94]. Long-term administration of TF5 does not appear to have any 
effect on the overall survival rate or immune parameters [33]. More recently it has 
been shown that FTS is able to decrease the high NK activity observed in the NZB 
mice [8], apparently through the activation of cells that suppress NK activity. The 
treatment of young female B/W ([NZB x NZW] F~) mice with FTS retards the 
appearance of Sj/Sgren syndrome (which is usually associated with the autoimmune 
disease in NZB mice) but appears to lead to an enhancement of anti-DNA 
autoantibody production and gtomerulonephritis [7]. Conversely, FTS treatment 
of aging B/W mice decreased anti-DNA antibody formation and improved 
glomerulonephritis [7]. 

Another animal model of autoimmune diseases in which TF5 demonstrated its 
immunomodulatory capacity is experimental autoimmune thyroiditis (EAT), which 
is characterized by a lymphoid infiltration of the thyroid gland and the presence of 
anti-thyroglobulin antibodies. In this system TF5 was able to suppress the EAT 
development in a strain of guinea pigs which is a high responder to thyroglobulin 
immunization, while no effect was observed in a low responder strain [96]. In some 
animal models TH have been shown to exert different effects. For example, it has 
recently been shown that TF5 has no suppressive effect on the incidence and severity 
of experimental allergic encephalomyelitis (EAE), an animal autoimmune disease 
used as a model for multiple sclerosis (MS) [105]. In contrast, thymulin has been 
shown to reduce EAE development [7]. : 

The studies of the effects ofTH.on PBL isolated from patients with autoimmune 
diseases have shown that TFS, THF, thymulin, and thymostimulin were able to 
increase in vitro one or more immune parameters, such as E-rosette forming cells (E- 
RF:C), autologous-MLR (A-MLR), production of lymphokines such as leukocyte 
migration inhibition factor (LMIF), graft versus host responses, etc [81]. 

Particularly important are the observations showing that TF5 [56, 107] and 
FTS [66] are able to modulate suppressor cell activity in autoimmune disorders, 
such as systemic lupus erythematosus (SLE) [56], rheumatoid arthritis (RA) [107], 
chronic active hepatitis (CAH) [66], and autoimmune hemolytic anemia (AHA) 
[57], all associated with abnormal suppressor cell activity. Additionally, FTS has 
been found to increase the percentage of autologous rosette-forming cells (Tar cells) 
in PBL of patients with SLE [73]. Tar cells, considered to be post-thymic T-cell 
precursors, are OKT3, 4, 8 + Dr- PBL which are able to generate cytotoxic effector 
cells against allogeneic target cells and TNP-labeled self-target cells provided they 
are activated by IL2 or FTS [92]. 

Taken together, these observations indicate that TH exert an homeostatic role 
in diseases associated with an imbalanced immune system, and have provided a 
rational basis to use TH therapeutically in autoimmune diseases. Clinical trials are 
in progress in several autoimmune disorders, including SLE, RA, CHA, AHA, 
multiple sclerosis (MS), aplastic anemia, and sarcoidosis. However, there are few 
published reports concerning the therapeutic efficacy of TH in patients with these 
disorders. 

Preliminary evidence indicates that some improvement in SLE and RA was 
obtained with TF5 [81], although there was no effect on the levels of anti-nuclear 
antibodies. TFX was found to induce clinical improvements accompanied by a 
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decrease in rheumatoid factor levels and normalization of the hypergammaglo- 
bulinemia in 16 out of 20 RA patients [88]. These studies have also shown an 
improvement in clinical and laboratory findings in 60-80% of CAH patients, while 
no promising results were observed in MS patients [88]: Thymulin is another TH 
which has shown promising preliminary results in the treatment of RA patients, 
since a clear improvement of the clinical signs, particularly those related to 
inflammation, has been observed [7]. Additionally, TP5 has also been de- 
monstrated to significantly improve the clinical status of some, but not all, RA 
patients [100]. A recent report on two children with AHA suggested that TF5 may 
be of therapeutic value in the treatment of the T-suppressor-cell deficiency 
associated with this disease [57]. Finally, hematologic improvements have been 
reported in aplastic anemia patients treated with TS [35]. Although the clinical 
trials to date are encouraging for a possible therapeutic use of TH in the treatment of 
autoimmune disorders, such as RA, larger, placebo-controlled randomized studies 
will be necessary to provide definitive answers. 

Cancers 

Since it is well established that a nonspecific deterioration of the immune system 
occurs in tumor-bearing hosts, this appears to be one of the potentially more 
important areas in which TH imm~notherapy may exert a beneficial effect. Several 
animal tumor models have been established in an effort to mimic the clinicai status 
of cancer patients. Early experiments in mice have clearly established that neonatal 
thymectomy increased-the susceptibility to tumor transplantation and c~/rcino- 
genesis, and thymic grafts in diffusion chambers coul~l restore normal anti-tumor 
responses [81]. Later, it was shown that TF5, FTS, and THF were able to accelerate 
the rejection of syngeneic tumors in several immunosuppressed murine models 
[81]. Additionally TH have been shown to modulate natural killer cell activity [11, 
21, 30]. However, these experiments are difficult to apply to clinical situations in 
which chemotherapy, radiotherapy, surgery, and other procedures that depress 
cellular immunity are used. Therefore, recent studies have attempted to employ TH 
along with concurrent radiotherapy or chemotherapy as the primary anti-tumor 
treatment similar to that received by patients. For example, it has been de- 
monstrated that in vivo administration of TF5 or thymosin ~ 1, in conjunction with 
cyclophosphamide (CY), can prevent reappearance of the MOPC-315 plasma- 
cytoma resulting in increased survival compared to the animals treated with CY 
alone [106]. In a different study, the combination of TF5 and bischloroethylni- 
trosourea (BCNU) was found to increase survival of mice with lymphocytic 
leukemia as compared to mice treated with BCNU alone [13]. 

Recently, the effect of thymosin ~ i has been examined in mice immunosup- 
pressed by cytostatics or X-ray irradiation [99]. These treatments caused the mice 
to die within a few days after challenge with P388 or L1210 leukemic cells. It was 
shown that thymosin e 1 given with cytostatics (5-FU or BCNU) or after irradiation 
prevented the decrease in resistance to tumors caused by those agents [99]. These 
studies also demonstrated that thymosin ~ 1 was able to restore NK activity in the 
spleens of mice treatedwith 5-FU or irradiation [99]. In another study, thymosin 
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1 was shown to restore 5-FU-induced bone marrow cytotoxicity in mice, as 
measured by immune reconstitution of colony formation and lymphokine pro- 
duction ['71]. Additionally, restoration of T-cell mediated immune responses and 
induction of specific anti-tumor responses were obtained with TF5 in a fibrosar- 
coma model in spontaneously hypertensive rats with congenital T-cell depression 
[-93]. In other studies, TF5 was able to consistently stimulate T-cell responses 
against several tumors in vitro, as measured by enhanced MLR and the 
development of cytotoxic effector cells in mixed lymphocyte tumor response cell- 
mediated cytotoxicity assay (MLTC-CMC) [95"1. Additionally, these studies also 
demonstrated that TF5 can act as an immunoadjuvant in vivo for the development 
of specific effector cells capable of rejecting a tumor challenge, as well as exhibit 
some therapeutic effects against pre-existing metastatic tumor burden [95]. 

Immunomodulatory effects of TH have also been observed in vitro in PBL 
obtained from cancer patients. For example, increased E-RFC formation has been 
described after incubation oflymphocytes from cancer patients with TF5, THF, TS, 
and TFX [83]. As described before, positive effects were seen if pre-incubation E- 
RFC percentages were below normal levels. Additionally, enhanced LMIF 

.production by TF5, increased proliferative responses by TF5 and TS, an increase in 
the percentage of Tar cells by thymosin ~ 1, increased proliferative responses to 
allogeneic tumor cells by TP1, and a decrease in the suppressor cell activity of cells 
from cancer patients with evidence of abnormally elevated suppressor activity have 
all been reported.[83, 863. 

These studies, together with the results obtained in cancer, infectious diseases, 
and immunodeficiency animal models, demonstrate the ability of T-H to modulate 
the immune system and have provided an extensive rationale for the use of these 
preparations in cancer patients. Since cancer is usually associated with depressed 
immune responses, patients usually have a higher incidence of viral, fungal, and 
other opportunistic infections. It is hoped that TH can be employed as adjuncts to 
chemotherapy or radiotherapy to ameliorate the immunosuppressive side-effects 
associated with these treatments. 

Several hundred patients have already entered clinical trials, constituting the 
largest group of patients in which TH have been studied therapeutically. Reviews 
have recently been published describing in detail the therapeutic effects of TH in 
cancer patients [39, 81, 83, 88]. We will only briefly describe the results obtained and 
report the latest clinical trials. 

To date, the TH preparations which have been reportedly used in cancer 
patients include TF5, synthetic thymosin ~ 1, TS, THF, and TFX. However, 
extensive clinical trials have only been reported with TF5, thymosin ~ 1, and TS. 
Phase I studies have demonstrated that TF5 can be administered without toxicity 
other than occasional allergic reactions noted at high and repetitive doses. In phase 
II non-randomized trial improvements in the percentage of E-RFC, proliferative 
responses to PHA and LMIF activity were observed in patients with Hodgkin 
disease following treatment with TS [83]. Phase II randomized trials were 
performed with TF5 on unresectable head and neck cancer patients concurrently 
with radiotherapy, but no significant clinical responses were observed. 
Furthermore, efforts to accelerate immunologic reconstitution and reduce chronic 
graft versus host disease after bone marrow grafting in 10 patients with leukemia 
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and four patients with aplastic anemia by TF5 administration have so far proven 
unsuccessful. Although modulation of some immunologic parameters were obser- 
ved, TF5 did not alter the incidence of chronic graft versus host disease or 
leukemic relapse in these patients 1104]. In another phase II randomized trial it was 
demonstrated that TS was able to increase the circulating T-cell population and 
DTH responses in a group of advanced metastatic gastrointestinal cancer patients 
who received TS plus chemotherapy, as compared to the group receiving 
chemotherapy alone [83]. 

More recently, the first randomized double blind phase II trial using a synthetic 
TH in the treatment of lung cancer has been reported with encouraging results 1"84]. 
This study involved the administration of thymosin a 1 to patients with localized, 
unresectable, non-small cell lung cancer, starting 1 week after the completion of 
radiotherapy to the primary tumor and mediastinum. Two different schedules of 
administration were used: loading [daily x 14 + twice a week (BIW) maintainance] 
or BIW. Serial immune monitoring revealed that only the patients who received 
thymosin = 1 by the loading dose schedule had a normalization of the immune 
function in MLR [84]. It is important to mention that although this study was not 
designed as a therapeutic trial, the follow-up of the patients until relapse or death 
showed that patients treated with either schedule exibited a significant improve- 
ment in relapse-free and overall survival compared to those treated with placebo 
[84] (Fig. 2). Several additional confirmatory trials of thymosin e 1 in lung cancer 
sponsored by the National Cancer Institute are currently under way. 
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In phase III trials, TF5 has been shown to significantly prolong survival in 
patients with small cell'bronchogenic carcinoma as an adjunct to intensive 
remission-induction chemotherapy [14]. In this study, the increased survival was 
restricted to patients who previously exhibited depressed T-cell function that had a 
good response to chemotherapy. However, these results have not been confirmed in 
trials in advanced oat and non-oat cell lung cancer patients, using different 
chemotherapy and radiotherapy protocols ['39, 83]. Other phase II studies with 
TF5 in head and neck cancer and malignant melanoma have shown only minimal or 
borderline results, particularly in patients who are immunoincompetent [831. 

TS trials in patients with excised stage I melanoma and low circulating T cells 
have shown that patients receiving TS exhibited a significant improvement in the 
metastasis-free interval as compared to patients who received chemotherapy 
(DTIC) or surgery alone [6, 10]. Confirmatory trials of these results are currently 
under way. In contrast, TS appear to have no effect on non-small cell lung cancer 
patients treated with chemotherapy [83]. 

Although the effects of TH as adjuvants to chemotherapy and/or radiotherapy 
in selected cancer patients are encouraging, a number of major problems exist with 
the interpretation and planning of clinical trials in cancer patients. One is based on 
the heterogeneity of patients which even in the same staging exhibit differences in 
their immune status. Thus, the planning of a trial should attempt to select groups as 
homogeneous with regard to their immune status as possible. In addition, the dose 
and schedule of administration appear to be critical. Finally, it is anticipated that 
definitive answers regarding the efficacy of TH will only be provided by large-scale, 
multicenter phase III trials, similar to the studies initiated with thymosin ~ 1 in non- 
small cell lung cancer and with TS in malignant melanoma. 

Future Perspectives 

In spite of the rapid progress that is being made in the field of thymic hormones, the 
current understanding of thymic physiology is far from complete. Although several 
thymic peptides have been isolated, sequenced, and synthesized, no specific biologic 
assays to measure them have yet been developed. It is anticipated that the 
development of such assays will greatly contribute to a better understanding of the 
role of ~ as they relate not only to the development and maturation of the T-cell 
dependent immune system, but also to other components of the immune system as 
well as the autonomic, neuroendocrine, and endocrine systems. Another very 
intriguing area which deserves increased attention is the study of the role of the 
thymus and its endocrine products in the pathogenesis of disease. 

Through the knowledge gained in the last few years, it is clear that TH may be of 
therapeutic relevance in aging and in a number of disease states, including infectious 
and autoimmune diseases, primary and secondary immunodeficiencies, and cancer. 
However, the doses, schedules, and routes of administration employed, the 
eligibility criteria for patients to be admitted into clinical trials, the inclusion of 
placebo control groups that are derived through double-blind randomization, etc is 
far from optimal. Future trials should address these questions very carefully in order 
to attempt to achieve optimum immunomodulatory effects. Finally, the develop- 
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merit of addi t ional  and better an imal  models to be used to explore the efficacy of the 
admin is t ra t ion  of TH alone or in combina t ion  with other s tandard  therapies 
(radiat ion,  chemotherapy,  surgery) and  products ,  such as lymphokines ,  where 
synergistic i m m u n o m o d u l a t o r y  influences are possible, may prove of impor tance  in 
the design of future clinical trials. 

Acknowledgments. We thank Dr. Susana Serrate for her careful reading of the manuscript and helpful 
suggestions. This work was supported in part by grants and/or gifts from the National Cancer Institute 
(CA 24974), Hoffman La Roche, lnc and Alpha/Biomedicals, Inc. 

References 

1. Abiko T, Sekino H (1984) Deacetyl-thymosin/34: synthesis and effect on the impaired peripheral 
T-cell subsets in patients with chronic renal failure. Chem Pharm Bull (Tokyo) 32:4497 

2. Aiuti F, Businco L (1983] Effects ofthymic hormones on immunodeficiency. In: Bach J F(ed} Clinics 
in immunology and allergy, Vol 3. Saunders, Philadelphia, p 187 

3. Aiuti F, Sirianni MC, Fiorilli M, Paganelli R, Stella A, Turbessi G (1984) A placebo-controlled trial 
of thymic hormone treatment of recurrent herpes simplex labialis infection in immunodeficient 
host: results after a 1-year follow-up. Clin lmmunot lmmunopathol 30:11 

4. Archer O, Pierce JC (196 I) Role of thymus in development of the immune response. Fed Proc 20:26 
5. Asanuma Y, Goldstein AL, White A (19701 Reduction in the incidence of wasting disease in 

neonatally thymectomized CBA/W mice by the injection of thymosin. Endocrinology 86:600 
6. Azizi E, Brenner H J, Shoham J (t984) Postsurgical adjuvant treatment of malignant melanoma 

patients by the thymic factor thymostimulin. Drug Res 9:1043 
7. Bach JF, Dardenne M (1984) Clinical aspects of thymulin (FTS). In: Goldstein AE (ed). T@mic 

hormones and lymphokines. Plenum Press, New York, p 593 
8. Bardos P, Lebrahchu-Y, Bach MA (1982) Thymic function in NZB mice. V. Decreased NK activity 

in NZB .mice treated with circulating thyr~ic.factor. Clin Immunol lmmunopathol 23:570 
9. Bekesi JG, Tsang P, Lew F, Roboz JP, Teirstein A, Selikoff IJ (I 984) Functional integrity ofT, B, and 

natural killer cells in homosexual subjects with prodromata and in patients with AIDS. Ann NY 
Acad Sci 437:28 

10. Bernengo MG, Fra P, Lisa F, Meregalli M, Zina G (1983) Thymostimulin therapy in melanoma 
patients. Correlation of immunologic effects with clinical course. Clin lmmunol Immunopatho128: 
311 

I 1. Bistoni F, Baccarini M, Puccetti P, Marconi P, Garaci E (1984) Enhancement of natural killer cell 
activity in mice by treatment with a thymic factor. Cancer lmmunol Immunother 17:51 

12. Bricas E, Martinez T, Blanot D, Auger G, Dardenne M, Pleau JM, Bach JF (1982) The serum thymic 
factor and its synthesis. In: Goodman M, Meienhofer .1 (eds) Proceedings of the Fifth International 
Peptide Symposium. Wiley, New York, p 564 

13. Chirigos MA (1977) In vivo and in vitro studies with thymosin, tn: Chirigos MA (ed) Control of 
neoplasia by modulation of the immune system. Raven Press, New York, p 241 

t4. Cohen MH, Chretien PB, lhed BC, Fossieck BE, Makuch R, Bunn PA, Johnston AV, Shaekney SE, 
Matthews MJ, Lipson SD, Kenady DE, Minna JD (1979) Thymosin fraction V and intensive 
combination chemotherapy. Prolonging thesurvival of patients with small-cell lung cancer. JAMA 
241:1813 

15. Collins FM, Morrison NE (1979) Restoration ofT-cell responsiveness by thymosin: expression of 
anti-tuberculous immunity in mouse lungs. Infect Immun 23:330 

16. Cowan M J, Fujiwara, P, Wara DW, Amman AJ (1981) Effect of thymosin on cellular immunity in 
old age. Mech Ageing Dev 15:29 

17. Dardenne M, Pleau JM, Man NK, Bach JF (1977) Structural study of circulating thymic factor, a 
peptide isolated from pig serum. I. Isolation and purification. J Biol Chem 252:8040 

18. Davies EG, Levinsky RJ (1984) Experience in the use of thymic hormones for immunodeficiency 
disorders. In: Byrom NA, Hobbs JR (eds) Thymic factor therapy, Vol. 16. Serono Symposia 
Publications Raven Press, New York, p 156 

19. De Martino M, Rossi ME, Muccioli AT, Vierucci A (1984) T lymphocytes in children with 



Recent Advances in Thymic Hormones Research 15 

respiratory infections: effect of the Use of thymostimulin on the alterations of T-ce],l subsets. Int J 
Tissue React VI: 223 

20. De Weck AL, Kristensen F, Joncourt F, Bettens F, Walker C, Wang Y (1984) Lymphocyte 
proliferation, lymphokine production, and lymphocyte receptors in ageing and various clinical 
conditions. Springer Semin Immunopathol 7:273 

21. Dokhelar MC, Tursz T, Dardenne M, Bach JF (1983) Effect of a synthetic thymic factor (facteur 
thymique serique) on natural killer cell activity in humans. Int J Immunopharmacol 5:277 

22. Doria G, Adorini L, Frasca D (1984) Recovery of T cell functions in aged mice by injection of 
immunoregulatory molecules. In: De Weck A (ed) Lymphoid cell functions in aging. (EURAGE, 
Rijswijk) Vol 3, p 59 

23. Dwayer JM, McNamara JG, Sigal LH, Wood CC (1984) Immunological abnormalities in patients 
with the acquired immune deficiency syndrome (AIDS)-a  review. Clin Immunol Rev 3:25 

24. East J, Parrot DMB (1964) Prevention of wasting in mice thymectomized at birth and their 
subsequent rejection of allogeneic leukemia cells. JNCI 33:673 

25. Ershler WB, Moore AL, Socinski MA (1984) Influenza and aging: age-related changes and the 
effects of thymosin on the antibody response to influenza vaccine• J Ctin lmmunol 4:445 

26. Ershler WB, Moore AL, Hacker MP, Ninomiya J, Naylor P, Goldstein AL (1984) Specific antibody 
synthesis in vitro. I1. Age-associated thymosin enhancement of anti-tetanus antibody synthesis. 
Immunopharmacology 8:69 

27. Ershler WB, Hebert JC, Blow AJ, Granter SR, Lynch J (1985) Effect of thymosin alpha one on 
specific antibody response and susceptibility to infection in young and aged mice. tnt J 
Immunopharmacol 7:465 

28. Falchetti R, Bergarsi G, Eshkol A, Cafiero C, Adorini L, Caprino L (1977) Pharmacological and 
biological properties of a calf thymus extract (TP1). Drugs Exp Clin Res 3:39 

29. Fauci AS, Macher AB, Longo DL, Lane HF, Rook, AH, Masur H, Gelmann EP (1984) Acquired 
immunodeficiency syndrome: epidemiologic, clinical, immunologic and therapeutic considerations. 

• Ann intern Med 100:92 
30. Fiorilli M, Sirianni MC, Sorrentino V, Testi R, Aiuti F (1983) In vitro enhancement of bone marrow 

natural killer cells after incubation with thymopoietin 32-36 (TP-5). Thymus 5:375 
31. Fr3.sca D, Adorini L, Doria G (1984) Production of and response to interleukin-2 in aging mice. 

• Modulation by thymosin ~ 1. Symposium on tymph6kines. In: De Weck A (ed) Lymphoid bell 
functions in aging• (EURAGE, Rijswijk) Vol 3, p 155 

32. Gershwin ME, Ahmed A, Steinberg AD, Thurman GB, Goldstein AL (t974) Correction of T cell 
function by thymosin in New Zealand mice. J Immunol 113:1068 

33. Gersbwin ME, Steinberg AD, Ahmed A, Derkay C (1976) Studies of thymic factors. If. Failure of 
thymosin to alter the natural history of NZB and NZB/NZW mice. Arthritis Rheum 19:862 

34. Ghanta VK, Noble PJ, Brown ME, Cox PJ, Hiramoto NS, Hiramoto RN (1983) Alloreactivity. I. 
Effects of age and thymic hormone treatment on cell-mediated immunity in C57B I/6NNia mice. 
Mech Ageing Dev 22:309 

35. Giustolisi R, Guglielmo P, Cacciola E, Cacciola RR (1983) Thymostimulin in aplastic anemia. Acta 
Haematol (Basel) 69:417 

36. Goldstein AL, Slater FD, White A (t966) Preparation, assav'~and partial purification of a thymic 
lymphocyto.poietic factor (thymosin). Proc Natl Acad Sci USA 56:1010 

37. Goldstein AL, Low TLK, Thurman GB, Zatz M, Hall NR, McClure JE, Hu S, Schulof RS (t982) 
Thymosins and other hormone-like factors of the thymus gland. In: Mihick E (ed) Immunological 
approaches to cancer therapeutics. John Wiley, New York, p 137 

38. Goldstein AL, Low TLK, Hall N, Naylor PH, Zatz MM (1984) Thymosin: can it retard aging by 
boosting immune capacity? In: Regelson W, Sinex FM (eds) Intervention in the aging process, part 
A: quantitation, epidemiology, and clinical research. Alan R Liss, New York, p 169 

39. Goldstein AL, Schulof RS (1985) Thymosin in the treatment of cancer. In: Reif A, Mitchell M (eds) 
Immunity to cancer. Academic Press, New York, p 469 

40. Goldstein AL, Naylor PH, Schulof RS, Simon GL, Sztein MB, Kessler CM, Robert-Guroff M, 
Gallo RC (1985) Thymosin in the staging and treatment of HTLV-III positive homosexuals and 
hemophiliacs with AIDS-related immune dysfunction. In: Gupta S (ed) Proceedings on AIDS- 
associated syndromes. Plenum Press, New York, p 129 

41. Goldstein G (1974) Isolation of bovine thymin: a polypeptide hormone of the thymus. Nature 246: 
11 



16 M.B. Sztein and A. L. Goldstein 

42. Goldstein G, Scheid MP, Boyse EA, Schlesinger DH, Van Waunue .I (1979) A synthetic 
pentapeptide with biological activity characteristic of the thymic hormone thymopoietin. Science 
204:1399 

43. Grimblat J, Schauenstein K, Saltz E, Trainin N, Globerson A (1983) Regulatory effects of thymic 
humoral factor on T cell growth factor in aging mice. Mech Ageing Dev 22:209 

44. Hadden JW (1984) Perspectives on the immunotherapy of AIDS. Ann NY Acad Sci 437:76 
45. Hall NR, Goldstein AL (1984) Endocrine regulation of host immunity. The role of steroids and 

thymosin. In: Fenichel RL, Chirigos MA (eds) lmmune modulation agents and their mechanisms. 
Marcel Decker, New York, p 533 

46. Handzel ZT, Dolfin Z, Levin S, Altman Y, Hahn T, Trainin N, Gadot N (19791 Effect of thymic 
humoral factor on cellular immune functions of normal children and of pediatric patients with 
ataxia-telangiectasia and Down's syndrome. Pediatr Res 13:803 

47. Haritos AA, Tsolas O, Horecker BL (1984) Distribution of prothymosin = in rat tissues. Proc Natl 
Acad Sci USA 81:1391 

48. Haynes BF (1984) The human thymic microenvironment. Adv lmmunol 36:87 
49. Haynes BF, Scearce RM, Lobach DF, Hensley LL (1984) Phenothypic characterization and 

ontogeny of mesodermal-derived and endocrine epithelial components of the human thymic 
microenvironment. J Exp Med 159:1149 

50. Hersh EM, Mansell PWA, Reuben JM, Rios A, Newell GR, Goldstein AL, Lynch K (1983) 
Leukocyte subset analysis and related immunological findings in acquired immunodeficiency 
disease syndrome (AIDS)and malignancies. Diagn Immunol 1:168 

51. Higtey HR, Rowden G (1984) Immunocytochemical localization of thymosin and thymopoietin in 
human, rat and routine thymus. In: Goldstein AL (ed) Thymic hormones and tymphokines. Plenum 
Press, New York, p 135 

52. Hirokawa K, McCture JE, Goldstein AL (1982) Age-related changes in localization of thymosin in 
ltle human thymus. Thymus 4:19 

53. Hirokawa K, Utsuyama M (1984) The effect of seq'uential multiple grafting of syngeneic newborn 
thymus on the immune functions and life expectancy of aging mice. Mech Ageing Dev 28:111 

54. Hooper JA, McDaniel MC, Thurman GB, Cohen GH, Schulof RS, "Gotdstein. AL (1975) The 
purification-and properties of bovine.thymosin. Ann NY Acad Sci 249:125 

55. Horecker BL (1984) Thymosin/~ 4. Distribution and biosynthesis in vertebrate cells and tissues. In: 
Goldstein AL (ed) Thymic hormones and lymphokines. Plenum Press, New York, p 77 

56. Horowitz SD, Borcherding W, Vishnu Moorthy A, Chesney R, Schulte-Wissermann H, Hong R 
(1977) Induction of suppressor T cells in systemic lupus erythematosus by thymosin and cultured 
thymic epithelium. Science 197:999 

57. Horowitz SD, Borchending W, Hong R (1984) Autoimmune hemolytic anemia as a manifestation of 
T-suppressor-cell deficiency. Clin Immunol lmmunopathol 33:313 

58. Ishitsuka A. Umeda Y, Nakamura J, Yagi Y (1983) Protective activity of thymosin against 
opportunistic infections in animal models. Cancer lmmunol Immunother 14:145 

59. Jankovic BD, Waksman BH,Arnason BG (1962) Role of the thymus in immune reactions in rats. I. 
The immunologic response to bovine serum albumin (antibody formation, Arthus reactivity, and 
delayed hypersensitivity) in rats thymectomized or splenectomized at various times after birth. J 
Exp Med 116:159 

60. Law LW, Goldstein AL, White A (1968) Influence of thymosin on immunological competence of 
lymphoid cells from thymectomized mice. Nature 219:1391 

61. Levey RH, Trainin N, Law LW (1963) Evidence for function of thymic tissue in diffusion chambers 
implanted in neonatalty thymectomized mice. JNCI 31:t99 

62. Lisi PJ, Teipel JW, Goldstein G, Schiffman M (1980) lmproved radioimmunoassay technique for 
measuring serum thymopoietin. Clin Chim Acta 107:111 

63. Low TLK, Goldstein AL (1984) Thymosin, peptidic moieties and related agents. Ill: Feniekel RL, 
Chirigos MA (eds) Immune modulation agents and their mechanisms. Marcel Decker, New York, p 
135 

64. Makinodan T, Jill James S, Inamizu T, Chang MP (1984) Immunological basis for susceptibility to 
infection in the aged. Gerontology 30:279 

65. Miller JFAP (1961) Immunological functions of tile thymus. Lancet 2:748 
66. Mulchnik MG, Schaffner JA, Prieto JA, Weller FE, Goldstein AL(1983) Increased thymie hormone 

responsive suppressor Tlymphocyte function in chronic active hepatitis. Dig Dis Sci 4:328 



Recent Advances in Thymic Hormones Research 17 

67. Naylor PH, McClure JE, Spangelo BL, Low TLK, Goldstein AL (1984) lmmunochemical studies 
on thymosin: radioimmunoassay of thymosin [I 4. lmmunopharmacology 7:9 

68. Naylor PH, Schulof RS, Sztein MB, Spira TJ, McCurdy PR, Darr F, Kessler CM, Simon G, 
Goldstein AL (1984) Thymosin in the early diagnosis and treatment of high risk homosexuals and 
hemophiliacs with AIDS-like immune dysfunction. Ann NY Acad Sci 437:88 

69. Neta R, Salvin SB (1983) Resistance and susceptibility to infections in inbred routine strains. II. 
Variations in the effect of treatment with thymosin fraction 5 on the release of lymphokines in vivo. 
Cell tmmunol 75:173 

70. Ogha K, Incefy GF, Folk KF, Erickson BW, Good RA (1983) Radioimmunoassays for the thymic 
hormone serum thymic factor (FTS). J lmmunol Methods 57:171 

71. Ohta Y, Tezuka E, Tamura S. Yagi Y (1985) Protection of 5-fluorouracil-induced bone marrow 
toxicity by thymosin e 1. Int J Immunopharmacol 7:761 

72. Osoba D (1965) The effects of thymus and other lymphoid organs enclosed in millipore chambers on 
neonatally thymectomized mice. J Exp Med 122:633 

73. Palacios R, Alarcon-Segovia D. Llorente L, Ruiz-Arguelles A, Diaz-Jocanen E (198 I) Human post- 
thymic precursor cells in health and disease II. Their loss and dysfunction in systemic lupus. 
erythematosus and their partial connection with serum thymic factor. J Clin Lab Immunol 5:71 

74. Pandolfi F, Quinti I, Montelta F, Voci MC, Schipani A, Urasia G, Aiuti F (1983) T-dependent 
immunity in aged humans. II. Clinical and immunological evaluation after three months of 
administering a thymic extract. Thymus 5:235 

75. Salvin SB, Neta R (1983) Resistance and susceptibility to infection in inbred murine strains, t. 
Variations in the response to thymic hormones in mice infected with Candida albicans. Cell 
Immunol 75:160 

76. Salvin SB, Tanner EP (1983) Resistance and susceptibility to infections in inbred murine strains. III. 
Effect of thymosin on cellular immune responses of alloxan diabetic mice. Clin Exp Immunol 54: 
133 

• 77. Sato K, Chang MP, Makinodan T (1984) Influence of age on the ability of thymic adherent cells to 
produce factors in vitro which modulate immune responses of thymocytes. Cell Immunol 87:473 

78. Savino W, Dardenne M, Bach J F (1983) Thymic hormone containing cells. III. Evidence for a feed- 
back regulation of the secretion of the serum th~mic facto r (FTS) by thymic epithelial cells. Clin Exp. 
Immunol 52:7 

79. Savino W, Dardenne M, Bach JF (1983) Thymic hormone-containing cells. II. Evolution of cells 
containing the serum thymic factor (FTS or thymulin) in normal and autoimmune mice, as revealed 
by anti-FTS monoclonal antibodies. Relationship with ~ 1 bearing cells. Clin Exp lmmunol 52: l 

80. Saxinger WC, Levine PH, Dean AG, The GD, Lange-Wantzin G, Moghissi J, Mei Hoh FL, 
Sarndharan MG, Gallo RC (1985) Evidence for exposure to HTLV-III in Uganda before 1973. 
Science 227:1036 

81. Schulof RS, Goldstein AL (1983) Clinical applications of thymosin and other thymic hormones. In: 
Thompson RA, Rose NR (eds) Recent advances in clinical immunology. Churchill Livingtone, 
New York, p 243 

82. Schulof RS, Naylor PH, Zatz M, Goldstein AL (1986) Thymic physiology and biochemistry. In: 
Spiegel H E (ed) M olecular and physiological basis of systemic function. Academic Press, New York 
(in press) 

83. Schulof RS (1985) Thymic peptide hormones. In: Davis S (ed) CRC critical reviews in 
oncology/hematology. Vol 3 CRC Press, Boca Raton p 309 

84. Schulof RS, Lloyd M J, Cleary PA, Palaszinski SR, Mai DA, Cox JW, Alabaster O, Goldstein AL 
(1985) A randomized trial to evaluate the immunorestorative properties of synthetic thymosin ~t 1 in 
patients with lung cancer. J Biol Resp Mod 4:147 

85. Schuurman H J, Van De Wijngaert FP, Delvoye L, Broekhuizen R, McClure JE, Goldstein AL, 
Kater L (19851 Heterogeneity and age dependency of human thymus reticulo-epithelium in 
production of thymosin components. Thymus 7:13 

86, Shoham J, Eshel 1 (1983) Thymic hormonal activity on human peripheral blood lymphocytes, in 
vitro. I V. Proliferative response to allogeneic tumor cells in healthy adults and cancer patients. Int J 
lmmunopharmacol 5:515 

87. Skotnicki AB (1978) Biologiczna okthwnosc i wlasciwosci fizykochemiczne wyciagu grasiczego 
TFX. Pol Tyg Lek 28:1119 

88, Skomicki AB, Dabrowska-Bernstein B K, Dabroski MP, Gorsky A J, Czarnecki J, Aleksandrowicz J 



18 M.B. Sztein and A. L. Goldstein 

(1984) Biological properties and clinical use of calf thymus extract TFX-Polfa. In: Goldstein AL (ed) 
Thymic hormones and lymphokines. Plenum Press, New York, p 545 

89. Stinnett JD, Loose LD, Miskell P, Tenney CL, Gonce SJ, Alexander JW (1983) Synthetic 
immunomodulators for prevention of fatal infections in a burned guinea pig model. Ann Surg 198: 
53 

90. Stutman O, Yunis E J, Good RA (1969) Carcinogen-induced tumors of the thymus: restoration of 
neonatally thymectomized mice with thymomas in celt-impermeable chambers. JNCI 43:499 

91. Stutman O (1983) Role of thymic hormones in T cell differentiation. In: Bach JF (ed) Clinics in 
immunology and allergy, Vol. 3. Saunders, Philadelphia, p 9 

92. Sugawara I, Palacios R (1982) Interleukin-2 and serum thymic factor enable aulologous rosette- 
forming T lymphocytes to generate helper and cytotoxic functions. Scand J Immunol 15:233 

93. Takeichi N, Koga Y, Fujii T, Kobayashi H (1985) Restoration ofT-cell function and induction of 
anti-tumor immune response in T-cell depressed spontaneously hypertensive rats by treatment with 
thymosin fraction 5. Cancer Res 45:487 

94. Talal N, Dauphinee M, Pillarisetty R, Goldblum R (1975) Effects of thymosin on thymocyte 
proliferation and autoimmunity in NZB mice. Ann NY Acad Sci 249:438 

95. Taldmadge JE, Uithoven KA, Lenz BF, Chirigos M (1984) Immunomodulation and therapeutic 
characterization of thymosin fraction 5. Cancer lmmunol Immunother 18:185 

96. Tomazik V, Suter CM, Chretien PB (1984) Experimental autoimmune thyroiditis: modulation of 
the disease level in high and low responder mice by thymosin, Clin Exp immunol 58:83 

97. Trainin N, Begerano A, Strahilevitch M, Goldring D, Small N (1966) A thymic factor preventing 
wasting and influencing lymphopoiesis in mice. lsr J Med Sci 2:549 

98. Trainin N, Burguer M, Linker-Israeli M (1967) Restoration of homograft response in neonatally 
thymectomized mice by a thymic humoral factor (THF). In: Dausset J, Hamburguer J, Mathe G 
(eds) Proceedings of the International Congress of the Transplantation Society. Munksgaard, 
Copenhagen, p 191 

99. Umeda Y, Sakamoto A, Nakamura J, tshitsuka H~ Yagi Y (i 983) Thymosin ~¢ I restores NK activity 
and prevents tumor progression in mice immunosuppressed by cytostatics or X-rays. Cancer 
Immunol Immunother 17:78 

I00. Veys EM, Mielants H, Verbruggen G, Spiro T, Newdeck E, Power D, Goldstein G (1984) . 
Thymopoietin pentapeptide (thymopentin. TP5) in the treatment of rheumatoid arthritis. A 
compilation of several short- and long-term clinical studies. J Rheumatol 1 I: 462 

101. Wade AW, Szewczuk MR (1984) Aging, idiotype repertoire shifts, and compartmentalization ofthe 
mucosal-associaled lymphoid system. Adv lmmunol 36:143 

102. Wang SS, Kulesha ID, Winter DP (1979) Synthesis of thymosin ~¢ 1. J Am Chem Soc 101 : 253 
103. Wara DW, Cowan MJ, Ammann AJ (1984) Thymosin fraction 5 therapy in patients with primary 

immunodeficiency disorders. In: Byrom NA. Hobl3s JR (eds) Thymic factor therapy, Vol. 16. Serono 
Symposia Publications for Raven Press, New York, p 123 

104. Witherspoon RP, Hersman J, Storb R, Ochs H, Goldstein AL, McClure J, Noel D, Weiden PL, 
Thomas ED (1983) Thymosin fraction 5 does not accelerate reconstitution of immunologic 
reactivity after human marrow grafting. Br J Haematol 55:595 

105. Woyciechowska J, Goldstein AL, Driscoll B (1985) Experimental allergic encephalomyelitis in 
guines pigs. Influence of thymosin fraction V on the disease. J Neuroimmunol 7:215 

106. Zatz MM, Low TLK, Goldstein AL (1982) Role of thymosin and other thymic hormones in T-cell 
differentiation. In: Mihick E (ed) Biological responses in cancer. Vol. 1. Plenum, New York, p 219 

107. Zatz MM, Oliver J,Goldstein AL. Novak C.Jacobs RP(1984}Suppressor eell responses in patients 
with rheumatoid arthritis: the effect of thymosin. Thymus 6:205 


