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The clinical applications of theoretical immunology are not numerous.  The authors 
demonstrate present-day immunocytotherapeutic approaches to fetal tissue transplanta- 
tion widely used in medicine. Results of therapy by injections of lymphokine-activated 
killer cells in combination with interleukin-2, T-cell vaccines, and genetically trans- 
formed T cells are presented. 
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Progress in fundamental  immunology is one of the 
most impressive achievements of the twentieth cen- 
tury. The very first results attained at the end of 
the nineteenth  and the beginning of  the present 
century were met  with enthusiasm by contempo-  
raries. Discoveries in immunology not  only pro-  
moted  a broader outlook on the structure of all 
living things, but to a great extent were conducive 
to creating conditions for introducing the results of 
new discoveries into practical medicine.  Recent 
years, however, have brought about an evident dis- 
sonance between the burgeoning progress in basic 
research and the rather modest contribution of this 
science to present -day practical medicine.  The 
seeming inability of immunologists to solve press- 
Lug problems of  controll ing AIDS, Legionaires' 
disease, chronic fatigue syndrome, etc., is dismay- 
ing. Prob lems  in the  therapy  o f  many  o the r  
prevalent infections are also far f rom being solved. 
The expected progress in immunooncology is still 
to be attained. Many difficulties remain in connec- 
tion with transplantations of organs and tissues. 

In this paper we describe some new results in 
fundamental  and applied immunology which for 
the most part are little known to the reader but 
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are indicative of a promising contribution of  this 
science to practical medicine. 

We believe that progress may be achieved by 
using intact and genetically modified immunocom-  
petent  ceils in the therapy of oncologic, autoim- 
mune,  and some viral diseases. As far as practical 
medicine is concerned, we hope to make our own 
contribution to the development of immunocyto-  
genotherapy. The intensive research in the field of 
fetal tissue transplantation that is being carried out 
at the International Institute of Biological Medicine 
gives us grounds for optimism. 

Immunocytotherapy may become one of the 
most fruitful trends in fetal tissue transplantation. 
The first practical results in this field were attained 
by an Amer ican  scientist,  S. Rosenberg,  who 
treated a number of oncologic diseases by admin- 
istering to patients cytotoxic effectors of antitumor 
immunity, lymphokine-activated killer (LAK) cells, 
in combinat ion  with recombinant  inter leukin-2 
[14,16,17]. Peripheral blood lymphocytes were in 
vitro stimulated with intefleukin-2, and then ma-  
ture LAK were intravenously injected to the same 
patient. A simultaneous administration of exogenous 
interleukin-2 helped maintain the functional status 
of the cytotoxic effectors. The best results were 
obtained in the treatment of renal cancer, mela- 

0007-4888/94/0004-0411512.50 �9 1994 Plenum Publishing Corporation 



412 Bulletin o[ Experimentcd Biology and Medicine, 1~. 4, 1994. TRANSPLANTATION OF HUb~AN FETAL TISSUE 

nomas, colon cancer, and non-Hodgkin's  lympho- 
mas. Such an approach, however, involves the need 
to inject recombinant interleukin-2 in doses which 
may have a toxic effect on the body. Some pa- 
tients have developed shifts in the psychoemotional 
sphere and toxic involvement of the kidneys. Still, 
Rosenberg's experiments lent a strong boost to re- 
search in immunocytotherapy [15,18]. Its use in 
practical oncology aroused the greatest expectations. 
Animal experiments demonstrated the efficacy of 
using so-called tumor-associated lymphocytes. It 
was shown that among T lymphocytes inftltrating 
malignant tissue there are cells potentially capable 
of tumor  destruction. These cells may be isolated 
from the body and, after in vitro culturing under  
conditions providing for their expansion, replaced 
in the tumor  host organism. These T lymphocytes, 
specific to this very tumor,  upon becoming redis- 
t r ibuted in the  body, migrate  into the t u m o r  
growth zone and accumulate there, later to elimi- 
nate the malignant cells, resulting in tumor regres- 
sion [15,21]. 

Such treatment  can be effective only ff a fa- 
vorable quantitative balance is created between the 
injected effector T lymphocytes and the cells pro- 
riding for their microenvironment  in tumor tissue 
(other immunocompeten t  and helper cells as well 
as tumor  cells proper). 

Attempts to change this balance in favor of  
the lymphocytes causing tumor  destruction have 
not  always been successful. But then a significant 
extra componen t  was introduced into the studies. 
To improve the cytolytic funct ion of tumor-asso- 
ciated lymphocytes ,  the t umor  necrosis factor  
(TNF) gene was transfected into these cells. After 
transfectant cell transfer to tumor-bearing animals, 
these cells migrated into the tumor  tissue and se- 
cured a high local concent ra t ion  of TNF, this 
leading to the death of  TNF-sensitive tumor cells 
but not  causing any side effects due to the action 
of this pleiotropic cytokine on intact tissues of the 
body. This new approach has been clinically as- 
sayed in 4 patients with melanomas and the ftrst 
encouraging results have been obtained [15]. The 
goal is to enhance the antitumor activity of tumor- 
associated T lymphocytes by transfecting into these 
cells the genes of q-interferon, interleukins-2 and 
-6, as well as of chimeric T-cell receptors. It was 
shown that cytokine gene transfection in tumor  
cells is conducive to the improvement  of their 
i m m u n o g e n i c i t y  for host  cytotoxic  cells [15]. 
Transfection of interleukins-2 and -4, TNF, 7-in- 
terferon, and granulocyt ic-macrophagal  colony- 
stimulating factor genes in tumor cells to enhance 
their immunogenici ty  is proposed. Tumor immu-  

nogenicity may be improved by transfection of the 
class 1 major histocompatibility complex gene [15]. 

Hence, a qualitatively new direction of fetal 
tissue transplantation has emerged at the interface 
between molecular biology and cell immunology, a 
direction which may lend impetus to the develop- 
ment  of m o d e m  methods of treatment of not  only 
tumors but, possibly, of  a wide range of etiologi- 
cally different diseases as well. 

Another promising approach consists in the 
construction of  so-called T-cell vaccines [12,13]. 
The efficacy of  T-cell vaccination as a specific 
prophylactic and therapeutic procedure has been 
proven in animals with experimentally induced  
autoimmune diseases. Immunization with attenuated 
T cells specific for an autoantigen (T-cell vaccina- 
tion) ensures protection against the induction of an 
autoimmune process or prevents its development 
acco rd ing  to an a n t i g e n - s p e c i f i c  m e c h a n i s m  
[3,5,7,11,19]. This was persuasively demonstrated 
in a case of development of  adjuvant arthritis in 
which Mycobaeterium tuberculosis caused an au- 
to immune  process [1,8]. The efficacy of T-cell 
vaccination is due to activation or modulat ion in 
the system of antiidiotypic and other antigen-spe- 
cific and nonspecific regulatory cells and factors. 
These disturbances in the immune  system eventu- 
ally lead to reduction of  the activity of effectors 
responsible for the formation of the autoimmune 
status. Thus, in disseminated sclerosis T lympho- 
cytes expressing the V~17 segment of T-cell recep- 
tors of the family V have a very high incidence 
in T-cell lines specific to epitopes of myelin basic 
protein [22]. V[312.1+T cells predominate in the 
brain tissue of  patients with disseminated sclerosis. 
Mono- and ollgoclonal activation of autoreactive T 
lymphocytes has been described in autoimmune 
hypothyroidism and rheumatoid arthritis [12,20,22]. 

In accordance with current  not ions of au- 
toimmunity  and its possible relationship with in- 
fection by foreign pathogens, effector T cells di- 
rectly implicated in the development  of autoim- 
mune  diseases are represented in normal subjects; 
but their activity is modulated and in health sup- 
pressed at the expense of  systemic interactions of 
regulatory T cells. Because of mimicry between 
molecular components  of  microorganisms and an- 
tigens proper, an autoimmune process may be trig- 
gered specifically by foreign pathogens which cause 
a disturbance in the immunoregula tory  network 
with activation predominating over suppression. 

In T-cell vaccination autologous effector T 
cells reinjected after in vitro activation and attenu- 
ation change the regulatory balance toward the 
suppressor component  of  immunity.  
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The first successful results of treating some 
human  auto immune diseases with T-cell vaccines 
have been described [8,10]. In 6 patients with dis- 
semina ted  sclerosis an ant i idiotypic inhibi tory  
response was observed after T-cell vaccinat ion 
with T-lymphocyte clones specific to myelin ba- 
sic protein. Van Laar (1993) described the effec- 
tive use of T-cell  vaccines in therapy of patients 
who had been suffering from rheumatoid arthritis 
for an average of 12.8 years. A reduction of  au- 
t o immune  process activity was observed, being 
most marked in patients with a shorter history of 
the disease [2]. 

Methods of T-cell vaccination for type I dia- 
betes mellitus are being developed in animal ex- 
periments.  T- lymphocyte  autoaggression against 
Langerhans islet ~ cells underlies the development 
of this disease in NOD mice. At early stages of 
spontaneous development autoantigen-specific cy- 
tolysis of ~ cells is mediated by V~8+T lympho- 
cytes. T lymphocytes recognizing V~8 at the sur- 
face of autoaggressive T cells were obtained in vitro. 
After transfer of these cells to NOD mice a clear- 
cut reduction of the disease activity due to the 
suppression of autoaggressive T cells function was 
observed [9]. 

As ment ioned above, a limited number  of  T- 
lymphocyte antigen-specific clones are involved in 
the pathological process at early stages of many 
other autoimmune diseases of man and animals. 

The oligoclonal expansion of autoimmune T 
lymphocytes with predominant  expression of indi- 
vidual T cell receptor variable genes associated with 
this disease permits us to hope that multipurpose 
broad-spectrum T-cell vaccines will be developed 
[4]. This is connected with the possibility of us- 
ing as vaccines not only autologous, but allogenic 
T cells as well, because an idiotype-antiidiotypic 
pattern of interactions between vaccinal T cells and 
recipient T lymphocytes is postulated. 

At present the use of  T-cell vaccines to com- 
bat the twentieth century-plague, AIDS, is being 
investigated [2]. Autologous T cells specifically pro- 
liferating on the viral coat glycoprotein, gpl20, and 
(or) manifesting HLA-restricted in vitro cytotoxic- 
ity against CD4+ T ceils are suggested as a vac- 
cine.  This vacc ine  should  first Of all r educe  
autoimmunopathy toward gpl20 or gpl20 cross-re- 
active antigens. The reduced immunoprotective ef- 
fect induced by the vaccination should not seri- 
ously impact treatment quality, because autoim- 
munopathy,  not  viral cytopathy, is the key me- 
chanism of AIDS development.  Besides, the sug- 
gested vaccination method should help suppress the 
product ion of  neutralizing viral antibodies in the 

presence of intensified function of virus-specific 
cytotoxic T cells. This aspect is of paramount  
importance,  for the efficacy of antiviral immunity 
is determined mainly by T-cell function. 

Hence,  immunocytotherapy may be an effec- 
tive method for the treatment of oncolo~c  and 
autoimrnune diseases. The efficacy of immuno-  
cytotherapy may be markedly increased by gene 
transfection in immunocompeten t  cells. This ap- 
plies equally to the transfer of viable functionally 
sound as well as attenuated "vaccinal" T lympho- 
cytes [6]. 

In the fast case cell modification may consist 
in the preparation of transfectants characterized by 
constitutive or induced cytokine production. We 
illustrated this assumption above when describing 
the tumoricidal effect of tumor-associated T lym- 
phocytes in which the TNF gene was transfected. 
In such a case all lymphocytes affme to the tu- 
mor,  whatever their initial appurtenance to a par- 
ticular T-cell subpopulation, became cytotoxic ef- 
fectors, and local high TNF production ensured a 
high efficacy of tumor  destruction. This circum- 
stance is particularly important if we bear in mind 
that in cancer patients, especially at the late stages 
of the disease, excessive endogenous TNF produc- 
t ion causes the development of  cachexia (a syn- 
onym for TNF is cachectin), but at the same time 
TNF,  because of an insufficient local concentration 
in the tumor, not only does not  destroy it but 
even fails to prevent generalization of the patho- 
logical process. 

Another  example is the use of  transfectant 
ceils p roduc ing  t ransforming growth  ~ factor  
(TGF-[3) for wound healing. 

It was shown in rat experiments that fibro- 
blasts transfected with TGF-13 gene, when applied 
to a wound surface, were conducive to a more rapid 
regeneration of the skin [15]. 

In  principle, it is possible to use lymphocytes 
transfected with TGF-~ to intensify repair pro- 
cesses in organs and tissues. The possibility of 
ensuring strictly addressed label due to the capac- 
ity of memory T lymphocytes to selectively pen- 
etrate into involved tissue is an advantage of such 
an approach. These cells, owing to a selective pat- 
tern of  interactions with vascular endothel ium of 
various tissues, migrate into the so-called "tertiary 
lymphoid organs," that is, into organ and tissue 
structures n o t  belonging to the lymphoid system, 
provided that an inflammatory process develops in 
t hem.  The selective pene t r a t i on  of  individual  
m e m o r y  T cells is not connected with their anti- 
genic specificity but is due to the presence of re- 
spective tissue endotheliocytes on the cell surface 
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of adhesion molecules interacting with the counter- 
receptors. To solve the problem of T cell transfer 
to a specified compar tment  of the body and to 
secure product ion  of a necessary factor, double 
tmnsfectants may be constructed that simultaneously 
express the  adhes ion  molecu le  (as an address 
marker) and the relevant factor (e.g., TGF-~). 

Such an approach is in principle possible in 
the creation of  T-cell vaccines where adhesion 
molecule gene transfection increases the possibility 
of cellular vaccine penetration into the right com- 
partment. Transfectants carrying an address label 
and a certain variant of T-cell receptor may be 
designed ff necessary. In the latter case any lym- 
phocyte, whatever its migration capacity and type 
of antigen-recognizing structure, may be an object 
of transfection. 

In fact, the potentialities of the new approach, 
imm.unocytogenetic therapy, depend on the scope 
of our knowledge about the mechanisms of indi- 
vidual pathological processes; as far as the devel- 
opmen t  and  technica l  p repara t ion  of cellular 
"drugs" is concerned,  the sky is the limit. 

Within a relatively short period of development 
fetal tissue transplantation has undergone signifi- 
cant t ransformat ion:  f r o m  an empirical  initial 
stage, when its progress depended solely on the 
practical experience and intuition of clinicians, to 
the stage based on the latest findings in molecular 
and cell biology: the goal-directed construction of 
genetically modified structures (transfectant cells) 
that also correct processes of  intercellular relations 
in the body. 
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