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Abstract 

The local production ._Jf interleukin 2 (IL-2) by T lymphocytes acts to enhance the immune response by inducing 
growth and differentiation of a variety of immune cells. In clinicaI situations that require immunostimulation, such 
as vaccination and enhancement of tumor immunity, IL-2 therapy has been considered; however, the extraordinary 
toxicity of the drug inoculated systemically has greatly limited its application. Since the most serious toxic 
consequences of the drug are related to its systemic delivery, alternative strategies have been developed. Local 
delivery of the cytokine has been successfully used in some circumstances, and this form of delivery does not result 
in the life-threatening complications that limit systemic use. Liposome encapsulated IL-2 represents a mechanism to 
accentuate local delivery by causing a depot effect. Finally, the use of IL-2 has been predicated on the conception 
of the cytokine as an absolute monomer. Nevertheless, IL-2 spontaneousIy forms noncovalent and covalent 
self-associations. Because covalent dimers have been shown to initiate c’if:erential signalling in target cells, it is 
necessary to account for this property in devising and evaluating therapeutic protocols; moreover, it seems possible 
to use this property for modifying and regulating the therapeutic response. 
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1. Introduction ecosystem. The lymphocytes reside in our bodies 
in an inactive state but when a lymphocyte is 

Recovery from infections and specific protec- exposed to the specific antigen that binds to its 
tion against reinfection depend upon the activity receptor, that lymphocyte is specifically acti- 
of lymphocytes. Both B and T lymphocytes vated. Activation comprises 2 events: clonal 
possess clonally distributed receptors with each expansion so that specific lymphocytes increase 
receptor specific for a single antigen from among in frequency and differentiation so that mecha- 
the vast variety of foreign substances in our nisms to effect immunity are manufactured by 
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the cell. After activation cytokines are produced 
in abundance by a subset of T lymphocytes. It is 
the role of these cytokines to facilitate both 
clonal expansion and the differentiation of cel- 
lular functions. 

Interleukin 2 (IL-2) is a cytokine produced in 
abundance by T lymphocytes after activation of 
the cells with antigen and it plays a major role in 
signalling cell growth and differentiation of a 
variety of different immune cells including T 
cells, B cells, macrophages, and natural killer 
cells [l]. Although there are other immune 
cytokines that play similar roles, the capacity of 
IL-2 in transducing signals in these celis is among 
the most powerful. 

The capacity for IL-2 to induce proiiferative 
signals in T lymphocytes is the property that 
accounts for the cytokine’s discovery [2,3]. Con- 
ditioned supernatants from lectin-stimulated 
peripheral blood mononuclear celIs were shown 
to enhance the proliferation of T cells in culture. 
Later the substance most responsible for this 
activity was defined as IL-2. The identity of IL-2 
was solidified by cloning of the cDNA [4-63. 

Once cDNA clones fcr IL-2 were available, a 
number of different expression systems were 
developed [7-131. IL-2 was produced in large 
quantities in bacteria, yeast, insect cells, and 
eukaryotic cells. This capability allowed for a 
thorough investigation of the functional prop- 
erties of the cytokine. Because IL-2 was pro- 
duced as a purified homogeneous product, the 
activities seen could be clearly assigned to the 
molecule. The potent activity of IL-2 in inducing 
T cell proliferation was confirmed; furthermore, 
it was realized that the cytokine strongly pro- 
moted the growth of natural killer cells and 
markedly enhanced the level of cytotoxicity that 
both natural killer cells and T lymphocytes 
exhibited [14-191. Since cytotoxicity was thought 
to play an important role in mediating immunity 
to various threats including neoplastic growth 
and viral infection, the possible use of IL-2 as a 
therapeutic tool was considered. 

Cytokines in genera1 and IL-2 in particular are 
not present in the systemic circulation. They are 
produced by a small number of cells in con- 
centrations that allow for locai activity. Conse- 

quently, the use of IL-2 for therapeutic purposes 
represented a new class of drug and the delivery 
of a cytokine drug was not obvious. 

An apparent analog for cytokine drugs was 
hormones such as insulin. Hormones circulate 
systemically and are given intravenously as re- 
placement therapy for their deficiency. It is 
reasonable that the establishment of cytokines 
for therapeutic purposes followed the lead of 
hormone therapy. The first use of cytokines 
involved systemic inoculation into animals in 
model systems and into patients for a number of 
different clinical indications. 

In patients with certain solid tumors [20-231 
and in animal models of cancer [24,25], IL-2 
injected intravenously in large doses induced 
tumor regression. The cytokine is a potent anti- 
tumor agent and for some patients it has pro- 
duced dramatic results. It is currently used in 
patients with renal cell carcinoma and some data 
with melanoma has also been encouraging. The 
mechanism of IL-2-mediated tumor regression 
has not been elucidated although it is likely that 
enhancement of both tumor-specific T 
lymphocytes and natural killer cell activity is 
involved in this effect. 

IL-2 therapy has also been developed for IL-2 
receptor positive leukemias in animal models 
[26]. In this case, a toxin has been conjugated to 
the IL-2 which specifically targets the toxin to 
the malignant cells, thereby directly suppressing 
tumor growth. The same conjugate has been 
proposed for use in inducing immunosuppression 
as desired in transplantation and autoimmunity 
[27-301. IL-2 has the potential to specifically 
suppress the allogeneic immune response since 
inactive T cells do not express high affinity IL-2 
receptors but activated T cells do. 

Furthermore, IL-2 has been investigated in 
conjunction with vaccines to enhance the im- 
munization especially in immunosuppressed in- 
dividuals, and it has been used experimentally in 
the treatment of certain infectious diseases such 
as leprosy [31], disseminated cutaneous Leis- 
hmaniasis 1321, infection with cytomegalovirus 
f33], septicemia with Escherichia coli [34], and 
disseminated Mycobacterium avium infection 
[35]. IL-2 has also been used in paiients with 
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primary immunodeficiency syndromes [36,37] 
and human immunodeficiency virus infection 
[38,39]. Clinical improvement has been seen in 
these cases. 

Although intravenous IL-2 therapy has been 
demonstrated to be useful, its major drawback 
has been the lack of targeting of the cytokine to 
its site of action. Cells throughout the body 
express receptors for the cytokine; consequently, 
intravenous IL-2 activates these cells indiscrimi- 
nately. The cells at the tumor site or at the site 
of vaccination are not preferentially activated. 
To obtain effective local concentrations of IL-2 
at the desired site of action, investigators have 
increased the doses of the cytokine injected; 
however, this approach has been limited by 
toxicity. Systemic activation of IL-2 receptor 
bearing cells results in extraordinary toxicity that 
limits the dose of cytokine that can be safely 
given [40-421. IL-2 causes a vascular leak 
syndrome that can lead to severe hypotension 
and consequently systemic delivery of the cyto- 
kine can be life-threatening. Moreover, there are 
multiple other serious side effects of systemic 
levels of IL-2 that have also hampered the 
development of the cytokine for clinical uses. 

IL-2 does not naturally circulate systemically. 
It is produced physiologically for local consump- 
tion. The toxicity of IL-2 seems to be a reflection 
of the imperfect analogy of hormone therapy 
with cytokine therapy. Recognition of the re- 
gional bias of IL-2 allows for the development of 
alternative strategies for therapeutic purposes. 

2. Alternative delivery of IL-2 

The toxicity of systemic delivery of IL-2 has 
prompted the development of alternative means 
of providing the cytokine. Perhaps one of the 
most e, citing recent advances involves the use of 
gene transfer to provide for local production of 
IL-Y In these cases systemic levels of cytokine 
have not been reported and are not likely to be 
achieved. Instead production of IL-2 by targeted 
cells provides for cytokine at the specific site of 
action. 

In an effort to produce vaccines that would 

better elicit protective immunity, investigators 
have engineered live viruses so that infection 
would result in the local production of IL-2. 
Recombinant vaccinia viruses have been pro- 
duced that include IL-2 in an expression cassette 
so that cells infected with the virus produced 
IL-2 locally [43,443. The recombinant vaccinia 
virus was more effective than the parental virus 
in acting as a vaccine in immunodefcient mice. 
Because the cytokine acts powerfully to promote 
the growth and differentiation of the cells of 
immunity, it is likely that the locally secreted 
IL-2 enhanced the immune response to the virus 
by stimulating the immune cells recruited to fight 
the vz.ccinating infection. This procedure for 
vaccination has been proposed for patients that 
are immunodeficient and consequentIy would 
benefit most from immunostimulation. This pro- 
cedure would not be likely to produce systemic 
levels of cytokine commensurate with the levels 
achieved in patients given IL-2 for therapy of 
solid tumors. IL-2 dependent toxicity was not 
observed. 

.4 second use of a vector directing the expres- 
sion of IL-2 involves a murine model for solid 
tumors, cultured cell lines that produce tumors 
upon inoculation into naive mice. These cells 
have been transfected with vectors that encode 
for the expression of IL-2. They were then given 
to mice subcutaneously. The mice injected with 
unmodified cells produced tumors whereas the 
IL-2 producing tumor cells did not result in any 
solid tumors. More importantly, animals that 
received the IL-2 producing tumor cells were 
able to reject unaltered tumor cells subsequently. 
injected [45]. This result has been interpreted to 
indicate that the local production of cytokine 
enhanced an immunologically specific response 
againit the tumor cells. Again no IL-2 dependent 
toxicity was observed with this local modality of 
delivery. 

The difficulty with the use of genetically al- 
tercd cells to treat solid tumors in this way 
involves the requirement for the in vitro isolation 
of appropriate tumor cells, the procedure of 
transferring genes and selecting for transfectants, 
and the reinfusion of these geneticaiiy altered 
cells in a safe way. Since naturally occurring 
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tumors often comprise cells of different levels 
and vectors of differentiation, the feasibility of 
this procedure for patients might be questioned. 
Consequently, other investigators have pursued 
the local delivery of the cytokine itself. 

The direct injection of IL-2 at the site of 
tumors provides a local concentration of the 
cytokine, and several investigators have demon- 
strated tumor regression after injection of IL-2 at 
the site of tumor growth [46-491. Similarly, 
intradcrmal injection of recombinant IL-2 in 
patients with lepromatous leprosy has produced 
a significant systemic effect in decreasing the 
total body burden of Mycobacrerium leprue, 
presumably by locally inducing immune cells that 
have the capacity to circulate. In these patients 
there was no drug toxicity observed f31]. 

Nevertheless. the potentia! of !oca! !L-2 
therapy for tumors or infections may be limited 
by the rapid diffusion of the cytokinc away from 
the injection site. We have demonstrated that 
IL-2 attached to a solid phase produces a more 
powerful cffcct on the regression of tumors 
compared to the same amount of cytokine in 
soluble form [50]. Presumably the attachment of 
the cytokinc to a plastic bead helped to retain 
the cytokine in the vicinity of the tumor and 
thereby a more potent anti-tumor effect was 
achieved. 

IL-2 in liposomes has also been used to deliver 
the cytokine to a specific site. In one study the 
local delivery of liposome formulations of IL-2 
gave significantly greater anti-tumor effects com- 
pared to empty liposomes or to soluble IL-2. 
Also in this study of metastatic lung lesions, local 
delivery was seen to be superior to systemic 
inoculation of the cytokine [51]. 

In another study investigators found that the 
inclusion of IL-2 in liposomes along with a 
variety of different immunogen such as the 
polysaccharide from Pseuduomonas aeruginosa 
[52], recombinant herpes simplex virus glycopro- 
tein D [53], and the lipoprotein of Gram-nega- 
tive bacterial cell wall [54] resulted in enhance- 
mm of the specific immune responses. In these 
cases the liposomes were given locally, in the 
peritoneal cavity, intranasally, or subcutaneous- 
ly. These applications co-localize the delivery ol’ 

the cytokine with the antigen in an analogous 
way to the recombinant vaccinia that produced 
IL-2 as well as a defined antigen. 

Encapsulation of the cytokine produced a 
marked depot effect when the cytokine was 
given intrathoracically, subcutaneously, or intra- 
peritoneally. The biodistribution and pharma- 
cokinetics of the drug were greatly influenced in 
this study by both encapsulation and by route of 
administration [55]. 

In a comparative study of free IL-2 versus 
liposome encapsulated IL-2, investigators found 
that the liposome encapsulated IL-2 maintained 
higher serum levels when injected intravenously 
[56]. Nevertheless, serum levels are not neces- 
sarily the best predictor for biological responses 
for IL-2 since the cytokine acts locally to pro- 
mote tumor regression or ihr: stimuiation of 
immune responsiveness. 

Another method that co-localizes the cytokine 
with antigen for vaccination involves the pro- 
duction of a chimeric protein which includes 
both an IL-2 domain and an antigen domain. A 
fusion protein consisting of a fully functional 
IL-2 domain and an epitopically intact herpes 
simplex virus type 1 glycoprotein D domain has 
been produced [57]. Without any adjuvants this 
fusion protein elicited high titers of specific 
antibodies and strong cell-mediated immunity. 

A similar approach has been developed for the 
immunotherapy of tumors. A fusion protein 
consisting of both IL-2 and an immunoglobulin 
chain specific for carcinoma cells has been pro- 
duced [58]. The activity of the IL-2 and the 
immunoglobulin remained intact in the chimeric 
protein and consequently the in-vitro cytotoxic 
destruction of tumor cells expressing the relevant 
antigen was enhanced by localizing the cytokine 
to the tumor cells. 

3. Activity measurements for modified IL-2 

Alterations in the structure of a molecule 
accentuate the need to understand the activity of 
the molecule. Any modification of a molecule, 
such as IL-2, has the potential to alter its 
function. Consequently, the measurement of 
activity is an important aspect of developing 
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recombinant molecules for therapeutic purposes. 
This measurement is particularly significant for 
molecules that have been mutated or fused with 
other domains to produce totally new proteius. 

IL-2 exemplifies this perspective. IL-2 bioac- 
tivity has been measured most often with an 
assay that involves the growth of T lymphocytes 
[SS]. IL-2 receptor positive T cells are incubated 
with various dilutions of the cytokine in wells of 
a 96-well microtiter plate and after an overnight 
incubation thymidine incorporation is ascer- 
tained during a 4-h pulse. Although this ass-y 
does measure the relative amount of IL-2 by 
comparing the activity at the site of action, it 
does not assess all of the relevant phar- 
macodynamic properties that arc important for 
the activity of the cytokine in a therapeutic 
protocol. 

We found that a single amino acid change in 
the primary sequence of IL-2 could have 
profound effects measured in a biophysical assay 
based on the molecule’s amphipathicity although 
there were no de:ectablc differences in the 
classical IL-2 bioactivity assay [60]. IL-2 natural- 
ly synthesized by T cells partitioned completely 
into the aqueous phase in a solution of the 
detergent Triton X-114. Whereas the ser-125 
mutated species partitioned compl :tely into the 
detergent phase. Neverthetess th ‘: activity of 
these 2 forms is indistinguishable il; the classical 
bioassay. Phase-separation analysis in Triton X- 
114 has been used as a discrete indicator of 
amphipathicity, and differences in this biophysi- 
cal parameter of a molecule are likely to have 
important effects on pharmacodynamics. 

This perspective is also illustrated with the 
studies of liposome encapsulated IL-2. Although 
the encapsulated IL-2 has been shown to possess 
superior pharmacokinetics and a greater effect 
on tumor regression than free IL-2, activity of 
these formulations in a classical IL-2 bioassay 
were identical [56]. 

Beyond the discrete changes in a molecule’s 
structure or differences in formulation, posttran- 
slational modification of a protein also has sig- 
nificant effects on its activity and needs to be 
considered carefully in designing a therapeutic 
protocol. A drug used for the treatment of a 

patient has a profile of pharmacodynamic prop- 
crtics that can greatly infIuence its activity at the 
site of action. 

Since the recombinant molecu!e is poorly 
soluble at neutral pH and has a short half-life in 
serum, investigators have chemically modified 
IL-2 with an active ester of polyethylene glycol 
(611. This modification did not alter the mole- 
cules capacity to induce T cell proliferation or to 
enhance cytotoxicity however, its serum half-life 
was greatly increased and its capacity to inhibit 
the growth of a sarcoma cell line in mice was 
likcwisc increased. Additional study also re- 
vcalcd that polyethylene glycol modified IL-2 
reduced the immunogenicity of the cytokine, 
further enhancing its attractiveness as a thera- 
pcutic agent [62]. Characterization of the modi- 
fied molecule was performed with the recogni- 
tion of the multi-dimensional nature of pharma- 
cological parameters. It has been compared with 
unmodified cytokine in mediating inhibition of 
tumor growth and has been shown to be superior 
in several studies, probably because of its more 
favorable pharmacokinetics [61,63]. 

Nevertheless, IL-2 chemically modified with 
polyethylene glycol possessed toxicity similar to 
parent compound [64]. In one study the issue of 
toxicity was addressed by locally injecting poly- 
ethylene glycol modified IL-2 directly into 
tumors instead of using an intravenous route of 
delivery. Besides causing tumor regression, the 
conjugated IL-2 induced the development of 
specific immunity against the tumor which would 
be transferred to naive animals by lymphocytes 
[65]. This finding is reminiscent of the results 
indicating that tumor cells genetically modified 
to express IL-2 induce a specific immune re- 
sponsc; however, the ease of cytokine delivery is 
a significant advantage over tumor cell cu!t!lre 
and gene transfer. 

4. Biophysieal properties of IL-2 that influence 
activity 

Biophysical aspects of a molecule and the 
influence of thcsc effects on biodistribution and 
pharmacodynamics have not thoroughly consid- 
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ered in regards to IL-2. The behavior of IL-Z in 
phase separation analysis exemplifies this per- 
spective 1601. Another characteristic that has not 
been accounted for in designing therapeutic 
protocols is the marked propensity of IL-2 to 
bind to itself. Although IL-2 readily self-as- 
sociates, this biophysical parameter of the mole- 
cule has not been thoroughly investigated in 
terms of its influence upon the activity of the 
cytokine nor upon its therapeutic use. 

Noncovalent self-association of IL-2 has been 
demonstrated by rt number of different methods 
166-681. Self-association has been obscrvcd in 
gel permeation chromatography and in fluores- 
ccnce quenching which has shown that the Kd of 
self-association is 600 nM 1671. 

We have also found noncovalent IL-2 self- 
association in an unexpected circumstance [68]. 
Using standard procedures for covalent binding 
to either polystyrene or Scpharose beads, we 
prepared an immunoabsorbent with IL-2 at- 
tached. Nevertheless, we found that a majority 
oi the IL-2 on the beads was attached noncoval- 
ently by self-association to the small proportion 
of the cytokine which had been covalently bound 
to the solid phase. Because the noncovalently 
bound self-associated IL-2 was spontaneously 
released from the solid surface under defined 
conditions, this form of the cytokine represents a 
slow-release formulation that simulates the sec- 
retion of IL-2 from an activated T lymphocyte. 
In a related series of experiments, we have 
shown that solid phase IL-2 has activity in vivo 
and that this form of the cytokine was con- 
siderably more active in a rat tumor model than 
an equivalent amount of soluble IL-2 [50]. Thus, 
IL-Z self-association is a property that m:ry be 
exploited for the deveiopment of alternative 
means to deliver the drug. Moreover, the mark- 
ed propensity for the cytokine to self-associate 
may influence the activity or the pharmacokin- 
etics of the drug given intravenously. 

In spite of the potential of self-associati:Jn to 
influence the therapeutic usefulness of IL-2, 
there have been few accessible assays for this 
property. We have recently developed an ELISA 
that measures the binding of IL-2 to itself, 
Moreover, we have developed an alternative 
bioassay for IL-2 that can distinguish between 

self-associated IL-2 and monomeric cytokine 
[69]. The classical IL-2 bioassay does not dis- 
tinguish among self-associated and unmodified 
cytokine. In the prolonged proliferation after 
pulse assay IL-2 receptor positive cells are puIsed 
with a source of IL-2 in serum-containing 
medium for 1 h at 4°C and then they are plated 
in microtiter wells and thymidine incorporation 
is assessed every day for 1 week. Our results 
indicate that concentrations of IL-2 in the self- 
associating range, greater than 400 nM, give 
more proliferation in this assay than conccn- 
trations that give negligible self-association, for 
instance 100 nM, in the prolonged proliferation 
after pulse assay. In the classical IL-2 bioassay 
these 2 concentrations are indistinguishable. 

5. Covalently self-associated IL-2 

Besides studies on noncovalent self-association 
of IL-2, we have detected IL-2 covalent multim- 
crs on SDS-PAGE and Western Blotting [60]. 
The spontaneously formed IL-2 dimers and tri- 
mers were not affected by reduction in 2-mercap- 
toethanol indicating that the covalent multimers 
were formed with crosslinks other than disulfide 
bonds. We suggested in that manuscript that 
transglutamination of the IL-2 was the likely 
explanation for our results. Furthermore, we 
found that isolated dimcrs spontaneously rc- 
formed monomers. It is our assumpfion that the 
cova!ent self-association of IL-2 is related to the 
noncovakznt self-aggregating properties inas- 
much as noncovalcnt interactions are a prere- 
quisite for covalent bonding. 

Another group of investigators has found a 
naturally occurring form of self-associated IL-2 
produced by cells from fish regenerating nervous 
tissue, and they have recently shown that this 
form of the cytokine, in contrast to the mono- 
meric form, is cytotoxic for oligodendrocytes. 
The naturally occurring dimeric IL-2 was co- 
valently linked by transglutamination. The inves- 
tigators purified transglutaminase from re- 
generating optic nerves of fish and demonstrated 
its capacity for mediating dimerization 170,711. 

Their studies clearly suggest the significance of 
covalent self-association for IL-2 bioactivity in 2 
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ways. First, they have demonstrated that self- 
associated IL-Z occurs in a natural setting, found 
in culture supernatants of regenerating nerves. 
Second, these investigators have shown that the 
covalently self-associated form of the cytokine 
has differential functional implications in the 
regeneration of nervous tissue in comparison 
with monomeric IL-2. Thus, it is likely that 
covalently self-associated IL-2 plays a physiologi- 
cal role in the nervous system. 

Since the cytotoxic effect of IL-2 on oligoden- 
drocytes has been shown to involve the a-chain 
of the IL-2 receptor complex [72], it seems likely 
that the IL-2 dimers interact with this chain in 
mediating its effects. This suggestion is also 
consistent with the interaction of noncovalently 
self-associated IL-2 with T cells which has been 
shown to involve the a-chain [69]. 

Another group of investigators studying the 
interaction of the cytokine with nervous system 
cells have indicated that monomeric IL-2 en- 
hances oligodendrocyte proliferation [73]. The 
possibility that the covalent dimer acts on these 
cells by inhibiting binding of the monomer to the 
receptor complex has not been considered but 
that mechanism could explain the results ob- 
tained thus far. 

We have crosshnked human recombinant IL-2 
using transglutaminase purified from guinea pig 
liver (Sigma, St. Louis, MO, USA). Recombi- 
nant IL-2 (100 ng) was crosslinked for 18 h at 
room temperature in a total volume of 0.2 ml 
with 5 mM CaCl, and 2 mg/ml of transglutamin- 
ase. Bovine serum albumin or polyethylene 
glycol (M, = 1000 Da) was added to prevent 
adherence to the test tube. After the incubation, 
samples were electrophoretically separated by 
SDS-PAGE using a Bio-Rad Mini-Protean II gel 
apparatus with a 4-20s gradient gel. After 
running the separation at 100 V for 1.5 h, we 
transferred the protein to Immobilon-P mem- 
branes. The membranes were blocked with 
bovine serum albumin and probed with goat 
anti-IL-2 IgG. 

The results (Fig. 1, lanes 3 and 4) indicate that 
transglutamination readily crosslinks IL-2. The 
presence of bovine serum albumin (Fig. 1, lane 
3) obscures multimers with molecular weights 
around 67 kDa. The use of polyethylene glycol 

Fig. 1. IL-2 multimers. IL-2 was analyzed by anti-IL-2 IgG 
blotting after separation via SDS-PAGE. IL-2 diluted in 
saline is shown in lane 1. IL-2 diluted in water is shown in 
lane 2. IL-2 crosslinkcd via transglutamination in the prcs- 
ence of bovine strum albumin (lane 3) or in the presence of 
polyethylene glycol (lane 4) is shown. 

(Fig. 1, lane 4) demonstrates that. crosslinking 
via transglutaminase can readily produce multim- 
ers from dimers up to 7-mers. 

Fig. 1 also demonstrates that dimers and 
trimers are spontaneously produced (lane 2). It 
appears that dilution of the cytokine in water, as 
opposed to saline, allows for these multimers to 
be more readily seen. It is possible that dilution 
in water allows for more cytokine to be delivered 
to the wells for SDS-PAGE. Water may help to 
dislodge adherent cytokine monomers and di- 
mers from the sides of the test tube. 

It is reasonable to suggest that covalent self- 
association plays a role in the therapeutic use of 
the cytokine. The spontaneous formation of 
covalent dimers indicates that the dimer is given 
along with the monomer. The potential for IL-2 
dimers to initiate differential signalling has been 
established for oligodendrocytes and may pertain 
to T lymphocytes and natural killer cells as well. 
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