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Abstract 

Subsets of T lymphocytes that produce different cytokine patterns have reinforced the 

cellular- and humoral-mediated duality of the immune response. Thus, different cytokines 

selectively produced by different T cells results in the ThllTh2 T cell paradigm. These T cell 

subsets, in an ever widening circle of examined diseases, contribute to the resolution or 

persistence of a disease. Now, it is timely to examine the contribution of the cytokines 

produced in different disease states for the improvement of vaccines and therapies for domestic 

animals. 
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The pathological consequences for a wide 

range of parasitic and infectious diseases are now 

linked to the pattern of cytokines produced by a 

particular T cell subset during the disease pro­

cess. Presently, the connection between cyto­

kine patterns and disease outcome is an intense 

area of interest in understanding disease mechan­

isms and prevention in domestic animals. The 

secreted cytokines play an important role in 

activating a variety of lymphoid cells, including, B 

cells, cytotoxic T cells, natural killer cells, 

macrophages and additional cells that participate 

in the immune response. Cytokine production 

by lymphoid cells occurs in distinct patterns 

allowing classification of cells into sUbpopulations. 

The most readily discernible cell populations are 

Thl and Th2, also termed type 1 and type 2. 

These two cell populations have been best 

identified in CD4 T cells4,21). CD4 cells of the 

Thl type produce interleukin (lL)-2, interferon 

(lFN)- y and tumor-necrosis factor (TNF)- f3 , 
while Th2 cells produce IL-4, IL-5 and IL-6 and 

IL-13. Evidence has rapidly accumulated that 

Thl and Th2 cells differ in the types of antibody 

response stimulated by B cells that Thl cells 

mediate delayed type hypersensitivity reactions, 

and that Th2 cells are more potent helpers for 

antibody production, thus providing a simple 

explanation for the observed dichotomy in im­

mune responses44). Two additional features of 

CD4 T cells are important in understanding the 

generation of helper-T cell diversity. First, 

each T cell subset produces cytokines that serve 

as autocrine growth factors and promote the 

differentiation of naive T cells to a given pathway. 

Second, the two T cell subsets produce cytokines 

that regulate the development and activity of the 

opposite subset in a paracrine manner. Thus, 
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IFN- I' produced by Thl cells amplifies Thl 
development and inhibits proliferation of Th2 

cells, while IL-IO and IL-4 produced by Th2 cells 

blocks activation of Thl cells. This cytokine 

pattern evident in different T cell subsets sup­

ports the dual nature of T cell dependent effector 

and regulatory mechanisms, and the important 

roles played by cytokines in controlling patholo­

gical immune responses. 

In the eleven years since the first descrip­

tion of helper T cell subsets, studying the roles of 

cytokine patterns is a major focus in understand­

ing various diseases. Now, it is timely to 

propose hypotheses based on cytokine patterns 

to explain the differentiation and functions of T 

cell subsets and to explore these cytokine con­

cepts as a basis for pathology, prophylactic 

vaccines and therapeutic approaches for immuno­

logic diseases. 

Function of Thl and Th2 T cells 

Controversy has existed regarding the prim­

ary functions for helper-T cell subsets. Thl 

cells have been proposed as responsible for 

cell-mediated immunity and delayed type 

hypersensitivity, while Th2 cells were responsi­
ble for humoral immunity4,44). However, IFN-

1', considered as a Thl cytokine, clearly is 

involved in determining the IgG isotype produced 

by B cells. Similarly, other Thl and Th2 cyto­

kines have biologic effects on humoral or cell­

mediated immunity, respectively. Thus, the 

classification of cytokines into the two groups is 

based on an expanded understanding of function. 

Classification of cytokines within a particular 

subset is presently based on known biological 

activities. For example, IFN- I' activates mac­

rophages, enhancing microbiocidal activity, as 

well as stimulating the production of IgG anti­
bodies. Interestingly, IgG antibodies are cen­

tral in opsonization and phagocytosis of particu­

late microbes by macrophages. In mice the 

IFN- I' induced isotypes are IgG2a and IgG313
). 

However, the IgG homologues induced by IFN-

I' in domestic animals have yet to be clearly 

resolved20). Thus, a central function of Thl 

cytokines appears to be a phagocyte-mediated 

defense against infections based on the ability of 

Thl cytokines to activate macrophages to pha­

gocytize and destroy microbes. In addition, Thl 

cytokines, such as IFN- I' and IL-2 have auto­

crine and paracrine effects on natural killer and 

cytotoxic CD8 lymphocytes further substantiat­

ing a biologic role of Thl cytokines in cell­

mediated immunity. 

In contrast, Th2 cytokines, e. g., IL-4 and 

IL-5, participate in the switch of B cell immunog­

lobulin production to IgE and eosinophil activa­
tion, respectively24,61). Cytokines produced by 

Th2 cells are known to help B cells produce IgM 

and non-complement-fixing IgG isotypes, IgGl, 

in mice but the effect of these cytokines on 

isotype production in domestic animals requires 
additional study20). 

Interestingly, several recently discovered 

cytokines appear to possess either cell-mediated 

or humoral immune enhancing abilities. The 

best characterized of these recent cytokines is 

IL-12 that is produced primarily by macrophages 

and is known to bias the immune response to a 

Thl profile in contrast to IL-4 that directs a Th2 

T cell response. A second cytokine, IL-14, also 

known as high molecular weight B cell growth 

factor, is produced by B cells and induces the 

rapid proliferation of B ce1l22). High concentra­

tions of IL-14 has been observed in certain B cell 
tumors22). Similarly, IL-15 is expressed in 

skeletal muscle and serves as an anabolic agent to 

increase skeletal muscle mass by increasing 

myosin heavy chain expression49
). Muscle cell 

division or the rate of myoblast differentiation 

appear unaffected by IL-15. IL-16 is produced 
by CD8 T cells and binds to the CD4 receptor 

present on CD4 T cells. Therefore, this cyto­

kine may function in feedback communication 

between CD8 and CD4 cells. IL-16 is chemo-
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tactic for CD4 T cells and induces functional IL-2 
receptors on CD4 T cells15,32,35,37). Interesting-

ly, IL-16 induces transmembrane signaling 

events similar to those noted for gp 120 of human 

immunodeficiency virus (HIV) when it engages 
the CD4 ligand7,8, 39). Perhaps one of the func-

tions of the gp120 of HIV is to mimic a normal 

cytokine, like IL-16, to induce CD4 T cell 

activation. Another T cell cytokine that func­

tions in T cell activation is IL-17. Northern 

analysis of RNA from various cells revealed IL-17 

is produced in a tightly controlled manner by CD4 

T cells and in stimulated peripheral blood T cells 

but not B cells or unstimulated T cells23). 

However, the receptor for IL-17 is produced by a 

wide variety cell types indicating that IL-17 acts 

in a pro inflammatory manner on many other cells 

and tissues. IL-17 activates transcription factor 

NF -kB and induces expression of IL-6, IL-8, 

granulocyte colony stimulating factor, prostaglan­

din E2 and surface ICAM-l and enhances prolif­

eration of T cells induced by a sub-optimal 
costimulus, phytohemagglutinin (PHA)63). 

These findings suggest that IL-17 may constitute 

an early initiator of the T cell dependent in­

flammatory reaction and an element of the cyto­

kine network that bridges the immune system to 

hematopoiesis. As with IL-16, IL-17 has an 

infectious mimic in Herpesvirus saimiri, a lym­

photropic virus where the open reading frame 13 

of the virus contains a sequence that has biologic 

activity with the IL-17 receptor64). Lastly, IL-

18, also known as interferon-gamma inducing 

factor, augments natural killer cell activity similar 
to the structurally unrelated IL-1243). IL-18 

enhances the production of IFN - y and G M -CSF, 

while inhibiting IL-lO production in mitogen­

stimulated lymphocytes60). IL-18 differs from 

IL-12 because IL-18 significantly enhances IL-2 

and GM-CSF production in T cell cultures, while 

IL-18 and IL-12 similarly induce IFN - y produc­

tion by T cells. These findings suggest IL-18 

enhances T cell proliferation through an IL-2 

dependent pathway augmenting Thl cytokine 
production43) and cytotoxicity16). 

These newly identified cytokines have re­

ceived minimal examination in domestic animals. 

The opportunity to explore the physiologic role of 

these cytokines in alternative species, as well as 

changes that occur in response to disease pro­

vides many avenues that may lead to the under­

standing of disease pathogenesis as well as new 

innovative vaccines and therapies regarding dis­

eases of domestic animals. 

T cell subsets in disease 

Polarization of Thl and Th2 T cell subsets 

can provide insight into immunological mechan­

isms of disease outcome. A number of infec­

tious, allergic and autoimmune disorders have 

been associated with Thl or Th2 cytokine pro­

files, suggesting the resolution or progression of 

given diseases pivot on the particular T cell 
subsets and their elaborated cytokines31,51,52,56). 

Again, the association of a cytokine pattern with a 

particular T cell subset support the concept of 

cell- and humoral-mediated immunity orches­

trated by different T cell subsets. One of the 

first examples of this T cell subset duality 

associated with resistance or susceptibility to an 

infectious disease were inbred mice studies with 

cutaneous leishmaniasis caused by Leishmania 
majoySl). Impressively, cytokines produced by 

the Thl subset (principally IFN - y ) in one mouse 

strain were associated with clearance of the 

parasite followed by disease resistance, while a 

different mouse strain produced cytokines associ­

ated with the Th2 subset (principally IL-4) 

resulting in disease persistence followed by 

death. The paradigm of cytokine profiles pre­

dicting the disease outcome has been reinforced 

using total tissue RNA obtained during the 

disease process and observing the ThllTh2 

cytokine patterns without the biases introduced 
by cell culture and cloning54, 62) . 

Resistance to many intracellular microbes, 
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including bacteria, protozoa and fungi, is founded 

on the induction of Thl responses initiated by 

IFN- rand TNF- a that activate 
macrophages31, 56). The Thl cytokine pattern 

also is evident in viral infections where natural 

killer cells, cytolytic CDS T cells and neutralizing 

antibodies (usually with the Thl isotype pattern) 
play the major role in host resistance3). In these 

Thl responses, IL-12 produced by macrophages 

plays a pivotal role in directing the Thl response 

pattern. However, the triggering events that 

predict IL-12 induction and the consequences of 

IL-12 to regulate the Thl cytokine pattern is an 

active area of research. Relevant to predicting 

the ThllTh2 cytokine pattern is the fact that 

IL-12 directly triggers the induction of Stat 4 
supporting the Thl cytokine pathway26), while 

IL-4 triggers the induction of Stat6 and insulin­

response substrate signaling Th2 cytokine path­
way in T cells25,36,53,55). Supporting the role of 

these intracellular signaling pathways in develop­

ment of ThllTh2 cytokine patterns are the 
findings that deletion of the IL-1241) or Stat430,59) 

gene result in deficient Thl responses, while 
deletion of the IL_433,34) or Stat6 gene29,57,58) 

result in deficient Th2 responses. 

Relevant to ThllTh2 cytokine patterns, 

progression of human leprosy to tuberculoid or 

lepromatous lesions are explained by the pre­

dominance of Thl and Th2 cytokines, 
respectively62). Also, recombinant IFN - y has 

been used to successfully treat the lesions of 

lepromatous leprosy supporting clinical cytokine 

application to influence disease progression in 
humans(28,45,46). Similarly, progression of ac-

quired immunodeficiency syndrome is predicted 

based on an early loss of IL-2, IFN- rand IL-12 
production9

,1O). Further, human immunodefi­

ciency virus-l appears to preferentially infect 

Th2 T cells, suggesting a mechanism for viral 

persistence in a Thl-deficient state40). 

A number of studies have examined the role 
of individual cytokines produced in response to 

pathogens of domestic animals; however, few 

studies have detailed the relationship of ThllTh2 

cytokine profiles in such diseases. Recently, 

studies of bovine leukemia virus (BL V) have 

determined that as disease progresses from the 

serologically positive to persistent lymphocytosis 

stage a shift in cytokine profiles of Thl to Th2 
occurs48). In the serologically positive stage 

IL-2, IFN- y , and IL-12 are prominent cytokines. 

However, with progression to persistent lym­

phocytosis and tumor formation, these Thl type 

cytokines decrease, while IL-IO becomes a prom­

inent regulatory cytokine. The IL-IO present in 

this disease is produced by monocyte/mac­

rophages and possesses regulatory properties 

that may be influential in disease progression. 

IL-IO, originally termed cytokine synthesis in­

hibitiory factor21), inhibits the expression of other 

cytokines especially Thl cytokines, as well as 

reducing the expression of major histocompatibil­

ity complex class II molecules, mainly on mac­
rophages, to inhibit antigen presentation17

). 

The inability of T cells to respond to presented 

foreign peptides could reduce IL-2, IL-6 and IFN 

y production. Second IL-IO also induces prog­
rammed cell death in Thl cells 11, 12). Thl cells 

express high levels of Fas ligand and can be 

induced to programmed cell death, whereas Th2 

cells express low levels of Fas and fail to undergo 

apoptosis50). Fas antigen mediates Thl cell 

activation early in the immune response as well as 

apoptosis of Thl cells late in the immune 

response1\ and only activated T cells are killed 
by Fas-Fas ligand interaction27,38). Therefore, 

early in BL V infection Thl cells may be activated, 
and later these activated Thl cells may undergo 

programmed cell death. Thus, IL-2 and IFN- y 

production might be reduced following apoptosis 

of Thl cells. Such an imbalance between Thl 

and Th2 cells may provoke the next disease stage 
of BLV infection as suggested for AIDS12). 

Exploration of ThllTh2 cytokine patterns in 
diseases of domestic animals provides the oppor-
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tunity to discern the mechanisms that underlie 

the basis of a given disease. A variety of 

reagents and approaches now exist to identify 

cytokines of domestic animals. 

Identification of cytokines 

Cytokines are most biologically active at 

short range and are often confined to the radius of 

several cells or in the intercellular space between 

two engaging cells, e. g., an antigen presenting 

cell and a T cell. Further, cytokines usually 

have an extremely short half life, with biological 

activity lasting only a few minutes in the blood 

prior to enzymatic inactivation. Further, cyto­

kines that characteristically exist as membrane 

bound, e. g., IL-l a or have already bound a 

receptor will be problematic in detection18). 

Thus, when selecting an assay for measuring 

cytokines, a particular assay may not be applic­

able for all circumstances. Although measure­

ment of cytokine production in mice and humans 

has been aided by commercial enzyme-linked 

immunoabsorbent assays (ELISA), the general 

absence of species-specific commercial products 
has hampered cytokine analysis in domestic 

animals. In addition to ELISA methodology, 

bioassays, RT-PCR and flow cytometry can be 

used to assess cytokine production. 

First, ELISA techniques are frequently used 

for cytokine assessment, this assay can only 

measure free, secreted cytokine. Further, 

monoclonal antibodies produced to murine or 

human cytokines most often detect a species­

specific cytokine epitope, making such ELISA 

reagents useless for detection of domestic animal 

cytokines. Monoclonal antibodies to domestic 

animal cytokines are now receiving considerable 

attention. However, measuring cytokines in 

serum as an assessment of cytokine patterns 

suffers from the fact that cytokines principally act 

at short range. Similarly, measurement of cyto­

kines from long-term cell cultures where oligoc­

lones expand may not reflect the predominant 

cytokine pattern or cell population that existed in 

the animal. A modification of the ELISA is the 

ELISA-spot assay where cytokine production by 

single cells is detected42). This approach may 

allow cytokine assessment directly from an 

animal. 

Second, bioassays utilize a cell line posses­

sing the cytokine receptor. However, cells may 

possess receptors for additional cytokines that 

may be present in the sample to be tested. The 

use of cytokine specific monoclonal antibodies 

that compete for the cytokine, as well as recom­

binant cytokine as a standard are essential assay 

components. Presently, the monoclonal anti­

bodies or recombinant cytokine are unavailable 

for most domestic animal cytokines limiting the 

utility of this assay system. 

Third, reverse transcriptase-polymerase 

chain reaction (RT -PCR) assays can be used to 

measure cytokine transcription. This technique 

offers sensitivity, rapid assessment, small 

amount of cells are required and many cytokines 

can be simultaneously analyzed. RT -PCR 

allows the evaluation of immune responses occur­
ring either systemically or within a local immune 

environment. Reagents to detect multiple 

domestic animal cytokines are often unavailable; 

however, RT-PCR requires only the short seg­

ments of the DNA sequence from the respective 

cytokine gene14
). Further, consensus sequence 

regions of similar cytokine genes of other spe­

cies, such as mouse and human, often can be used 

to design appropriate primers. Using internal 

competitive standards (competitors) the absolute 

amounts of mRNA transcripts can be determined 

in small numbers of cells. Although cytokine 

transcription is assessed and not synthesis, 

reports document the strong relationship be­

tween transcription levels and amount of cytokine 

synthesized2, 5). Similarly, oligonucleotide frag­

ments may be used in Northern blot analysis6
) for 

the presence of cytokines. 

Fourth, flow cytometry assays can detect 
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cytokine synthesis in the cytosol using cytokine 

specific monoclonal antibodies following cell 
membrane permeabilization19,47). This approach 

offers rapid, measurable detection of cytokines. 

Cell phenotype can also be determined; howev­

er, the number of fluorchromes that can be used 
simultaneously limits the number of cytokines 

detected in a given sample. 

Conclusions 

Identifying ThllTh2 cytokine patterns pro­

duced by domestic animals during different stages 
of a disease provides insight into the mechanisms 

that underlie the basis of resistance or suscepti­
bility. Thus, the scientific community is now 

positioned to test hypotheses regarding mechan­

isms of disease progression or resolution. With 

such knowledge comes the opportunity to influ­
ence the type and level of immunity through 

newly engineered vaccines that can preference a 
Th1 or Th2 cytokine pattern. Also, as concerns 

increase regarding antibiotic resistant bacteria, 

alternative methods to antibiotics are necessary 
to augment the host's own immune system to 

combat infectious agents. Knowing the role of 

Thl and Th2 cytokines in particular diseases, it 

will be possible using chemical and biologic 

materials to enhance host immune responses by 
directing and augmenting a desirable Th1 or Th2 

cytokine response. Lastly, because selected 

cytokines are instrumental in pivoting the de­

velopment of a Th1 or Th2 cytokine response, 

certain cytokines or the genes encoding a given 

cytokine may be useful in domestic animal vac­

cines. Veterinarians and immunologists have a 

remarkable opportunity to creatively explore new 

solutions to long-standing diseases of domestic 
animals using the knowledge of individual cyto­
kines and ThllTh2 cytokine patterns. 

Acknowledgments 

This work was supported in part by the 

College of Agricultural and Life Sciences and the 

following grants: BARD US-2367-94, NIH 

ROI-CA59127, and USDA 96-35204-3670. 

References 

1) Alderson, M. R., Armitage, R. J. Maraskovs­

ky, E., Tough, T. W., Roux, E., Schooley, 

K., RAmsdell, F. and Lynch, D. H. 1993. Fas 

transduces activation signals in normal human 

T lymphocytes]. Exp. Med. 178 : 2231-2235. 

2) Barnes, P. F., Lu, S., Abrams, J. S., Wang, 

E., Yamamura, M. and Modlin, R. L. 1993. 

Cytokine production at the site of disease in 

human tuberculosis. Infect. Immun. 61: 

3482-3489. 

3) Biron, C. A. 1994. Cytokines in the genera­

tion of immune responses to, and resolution 

of, virus infection. [Review] Curro Opin. 

Immunol. 6: 530-538. 

4) Bottomly, K. 1988. A functional dichotomy in 
CD4 + T lymphocytes. Immunol. Today 9: 

268-274. 

5) Brorson, K. A., Berverly, B., Kang, S., 

Lenardo, M. and Schwartz, R. H. 1991. 

Transcriptional regulation of cytokine genes in 

nontransformed T cells. Apparent constitutive 

signals in run-on assays can be caused by 

repeat sequences. ]. Immunol. 147: 

3601-3606. 

6) Brown, W. C., Woods, V. M., Chitko­

Mckown, C. G., Hash, S. M., and Rice-Fight, 
A. C. 1994. IL-10 is expressed by bovine type 
1 helper (Th1), type 2 helper (Th2) and 

unrestricted (ThO) parasite-specific T cell 

clones, and inhibits proliferation of all three 

subsets in an accessory cell dependent man­

ner. Infect. Immun. 62: 4697-4708. 

7) Broxmeyer, H. E. 1996. Is interleukin 17, an 

inducible cytokine that stimulates production 

of other cytokines, or merely a redundant 

player in a sea of other biomolecules. ]. Exp. 
Med. 183: 2411-2415. 

8) Center, D. M., Kornfeld, H. and Cruikshank, 

W. W. 1996. Interleukin 16 and its function as 

a CD4 ligand. Immunol. Today 17: 476-481. 
9) Chehimi, J., Starr, S. E., Frank, I., D'Andrea, 

A., Ma, X., MacGregor, R. R., Sennelier, J., 
and Trinchieri, G. 1994. Impaired interleukin 



Cytokines and Disease 9 

12 production in human immunodeficiency 

virus-infected patients. J. Exp. Med. 179: 

1361-1366. 

10) Clerici, M., and Shearer, G. M. 1993. A Th2 
... > Th2 switch is a critical step in the etiology 

of HIV infection. 1mmunol. Today 14: 

107-11l. 
11) Clerici, M., Sarin, A., Coffman, R. L., Wynn, 

T. A., Blatt, S. P., Hendrix, C. W., Wolf, S. 

F., Shearer, G. M., and Henkart, P. A. 1994. 

Type lItype 2 cytokine modulation of T-cell 
programmed cell death as a model for human 

immunodeficiency virus pathogenesis. Proc. 
Nat!. Acad. Sci. USA 91: 11811-11815. 

12) Clerici, M., and Shearer, G. M. 1994. The 

Th1-Th2 hypothesi,s of HIV infection: new 

insights. 1mmunol. Today. 15: 575-581. 

13) Coffman, R. L., Lebman, D. A. and Rothman, 

P. 1993. Mechanism and regulation of im­

munoglobulin isotype switching [Review]. 
Adv. 1mmunol. 54: 229-270. 

14) Covert, J. and Splitter, G. 1995. Detection of 
cytokine transcriptional profiles from bovine 

peripheral blood mononuclear cells and CD4 + 

lymphocytes by reverse transcriptase 

polymerase chain reaction. Vet. 1mmunol. 
I mmunopath. 49: 39-50. 

15) Cruikshank, W., Kornfbld, H., Berman, J., 

Chupp, G., Keane, ]., and Center, D. 1996. 

Biological activity of interleukin-16. Nature 
382: 501-502. 

16) Dao, T., Ohashi, K., Kayano, T., Kurimoto, 

M., and Okamura, H. 1996. Interferon­
gamma- inducing factor, a novel cytokine, 

enhances Fas ligand-mediated cytotoxicity of 

murine T helper 1 cells. Cell. 1mmunol. 173: 

230-235. 

17) deWaal Malefyt, R., Haanen, J., Spits, H., 

Roncarlo, M.-G., teVelde, A., Figdor, C., 

Johnson, K., Kastelein, R., Yssel, H., and 

deVries, J. E. 1991. Interleukin 10 (lL-10) and 

viral IL-10 strongly reduce antigen-specific 

human T cell proliferation by diminishing the 
antigen- presenting capactiy of monocytes via 

downregulation of class II major histocompati­

bility complex expression. ]. Exp. Med. 174: 

915-924. 

18) Dinarello, C. A. 1990. An overview of the 

pathophysiology of cytokines. In: Progress in 
Leukocyte Biology, The Physiological and 
Pathological Effects of Cytokines. C. A. 
Dinarello, M. J. Kluger, M. C. Powanda, J. J. 

Oppenheim, eds" Vol. lOB. pp. 1-6, Wiley­

Liss, N ew York. 

19) Elson, L. H., Nutman, T. B. Metcalfe, D. D. 
and Prussin, C .. 1995. Flow cytometric analy­

sis for cytokine production identifies T helper 

1, T helper 2, and T helper 0 cells within the 
human CD4 +CD27- lymphocyte subpopula­

tion. ]. 1mmunol.154: 4294-4301. 
20) Estes, M. D. 1996. Differentiation of B cells in 

the bovine. Role of cytokines in immunoglobu­

lin isotype expression. Vet. 1mmunol. 1m­
munopath. 54: 61-67. 

21) Fiorentino, D. F., Bond, M. W., and Mos­

mann, T. R. 1989. Two types of mouse helper 
T cells IV: Th2 clones secrete a factor that 

inhibits cytokine production by Thl clones. ]. 

Exp. Med. 170: 2081-2095. 

22) Ford, R., Tamayo, A., Martin, B., Miu, K., 
Claypool, K. 1995. Identification of B-cell 

growth factors (interleukin-14; high molecu­

lar weight-B-cell growth factors) in effusion 

fluids from patients with aggressive B-cell 

lymphomas. Blood. 86 (1): 283-293. 

23) Fossiez, F., Djossou, 0, Chomarat, P., 

Flores-Romo, L., Ait-Yahia, S., Maat, C., 
Pin., J., Garrone, P., Garcia, E., Saeland, S., 

Branchard, D., Gaillard, C., DasMahapatra, 

B., Rouvier, E., Golstein, P., Banchereau, J., 

and Lebecque, S. 1996. T cell interleukin-17 

induces stromal cells to produce proinflamma­

tory and hematopoietic cytokines. ]. Exp. 
Med. 183: 2593-2603. 

24) Galli, S. J. New concepts about mast cells 
[review]. N. Engl. ]. Med. 1993. 328: 

257-265. 
25) Hou, J., Schindler, V., Henzel, W. ]., Ho, T. 

C., Brasseur, M., McKnight, S. L. 1994. An 

interleukin-4-induced transcription factor: IL-

4 Stat. Science 265: 1701-1706. 
26) Jacobson, N. G., Szabo S. J., Weber-Nordt, 

R. M., Zhong, Z., Schreiber,. RD., Darnell,]' 

E. Jr., and Murphy, K. M. 1995. Interleukin 

12 signaling in T helper type 1 (Th1) cells 

involves tyrosine phosphorylation of signal 



10 Gary Splitter 

transducer and activator of transcription 
(Stat)3 and Stat4. J. Exp. Med. 181: 
1755-1762. 

27) Kabelitz, D. and Wesselborg, S. 1992. Life 
and death of superantigen-reactive human 
CD4 + T cell clone: staphylococcal enterotox­
ins induce death by apoptosis but simul­
taneously trigger a proliferative response in 
the presence of HLA-DR + antigen-presenting 

cells. Int. Immunol. 4: 1381-1388. 
28) Kaplan, G., Mathur, NK., Job, CK., Nath, I., 

and Cohn, ZA. 1989. Effect of multiple inter­

feron gamma injections on the disposal of 
Mycobacterium leprae. Proc. Nat. Acad. Sci. 
USA. 86: 8073-8077. 

29) Kaplan, .M. H., Schindler, V., Smiley, S. T., 
and Grusby, M. J. 1996. Stat6 is required for 
mediating responses to IL-4 and for develop­

ment of Th2 cells. Immunity 4: 313-319. 
30) Kaplan, M. H., Sun, Y.-L., Hoey, T. and 

Grusby, M. J. 1996. Impaired IL-12 re­
sponses and enhanced development of Th2 
cells in Stat4-deficient mice. Nature 382: 
174-177. 

31) Kaufmann, S. H. E. 1993. Immunity to in­
tracellular bacteria [review]. Annu. Rev. Im­
munol. 11: 129-163. 

32) Kazatchkine, M. D. 1996. Interleukin 16 
(lL-16). Eur. ]. Immunol. 26: 1196. 

33) Kope, M., LeGros, G., Bachmann, M., Lam­
ers, M. C., Bluethmann, H., Kohler, G. 1993. 

Disruption of the murine IL-4 gene blocks Th2 
cytokine responses. Nature 362: 245-248. 

34) Kuhn, R., Rajewsky, K., and Muller, W. 
1991. Generation and analysis of interleukin-4 

deficient mice. Science 254: 707-710. 
35) Laberge, S., Cruikshank, W. W., Beer, D. J., 

and Center, D. M. 1996. Secretion of IL-16 
(lymphocyte chemoattractant factor) from 
serotonin-stimulated CD8 + T cells in vitro. ]. 

Immunol. 156: 310-315. 
36) Lederer, J. A., Perez, V. L., DesRoches, L., 

Kim, S. M., Abbas, A. K., and Lichtman, A. 
H. Cytokine transcriptional events during 

helper T cell subset differentiation. J. Exp. 
Med. 184: 397-406, 1996. 

37) Lim, K. G., Wan, H. C., Bozza, P. I. T., 
Resnick, M. B., Wong, D. T., Cruikshank, W. 

W., Kornfeld, H., Center, D. M., Weller, P. 
F. 1996. Human eosinophils elaborate the 
lymphocyte chemoattractants IL-16 (lympho­

cyte chemoattractant factor) and RANTES. J. 
Immunol. 156: 2566-2570. 

38) Lynch, D. H., Ramsdell, F. and Alkderson, 
M. R. 1995. Fas and FasL in the homoeostatic 
regulation of immune responses. Immunol. 
Today 16: 569-574. 

39) Maciaszek, J. W., Parada, N. A., Cruikshank, 
W. W., Center, D. M., Kornfield, H., and 
Viglianti, G. A. 1997. IL-16 represses HIV-l 
promoter activity. ]. Immunol. 158: 5-8. 

40) Maggi, E., Mazzetti, M., Ravina, A., 

Annrnziato, F., deCarli, M., Piccinni, M. P., 
Manetti, R., Carbonari, M., Pesce, A. M., del 
Prete, G. 1994. Ability of HIV to promote a 
Thl to ThO shift and to replicate preferentially 
in Th2 and ThO cells. Science 265 : 244-248. 

41) Magram, J., Connaughton, S. E., Warrier, R. 
R., Carvajal, D. M., Wu, C. Y., Ferrante, J., 
Stewart, C., Sarmiento, V., Faherty, D. A., 
Gately, M. K. 1996. IL-12-deficient mice are 
defective in IFN gamma production and type 1 

cytokine responses. Immunity 4: 471-481. 
42) Merville, P., Pouteil-Noble, C., Wijdenes, J., 

Potaux, L., Touraine, J. L., and Banchereau, 
J. 1993. Detection of single cells secreting 
IFN-gamma, IL-6, and IL-I0 in irreversibly 

rejected human kidney allografts, and their 
modulation by IL-2 and IL-4. Transplantation 
55: 639-646. 

43) Micallef, M. J., Ohtsuki, T., Kohno, K., 
Tanabe, F., Vshio, S., Namba, M., Tanimoto, 
T., Torigoe, K., Fuji, M., Ikeda, M., Fukuda, 

S., Kurimoto, M. 1996. Interferon-gamma­
inducing factor enhances T helper 1 cytokine 
production by stimulated human T cells -
synergism with interleukin-12 for interferon­
gamma production. E ur. ]. I mmunol. 26: 
1647-165l. 

44) Mosmann, T. R. and Coffman, R. L. 1989. 

Thl and Th2 cells: different patterns of 
lymphokine secretion lead to different func­
tional properties. Annu. Rev. Immunol. 7: 
145-173. 

45) Murray, H. W. 1994. Interferon-gamma and 
host antimicrobial defense : current and future 



Cytokines and Disease 11 

clinical applications. Am. J. Med. 97: 

459-467. 

46) Nathan, C., Squires, K., Griffo, W., Levis, 

W., Varghese, M., Job, CK., Nusrat, AR., 
Sherwin, S., Rappoport, S., Sanchez, E. 

1990. Widespread intradermal accumulation of 

mononuclear leukocytes in lepromatous lep­

rosy patients treated systemically with recom­

binant interferon gamma. J. Exp. Med.172: 
1509-1512. 

47) Prussin, C., and Metcalfe, D. D. 1995. 

Detection of intracytoplasmic cytokine using 

flow cytometry and directly conjugated anti­

cytokine antibodies. ]. I mmunol. Methods 
188: 117-128. 

48) Pyeon, D., O'Reilly, K. L. and Splitter, G. A. 

1996. Increased Interleukin-l0 mRNA ex­

pression in tumor-bearing or persistently lym­

phocytotic animals infected with bovine leuke­

mia virus. ]. Virol. 70: 5706-5710. 

49) Quinn, L. S., Haugk, K. L., and Grabstein, K. 

H. 1995. Interleukin-15: a novel anabolic 

cytokine for skeletal muscle. Endocrinology. 
136: 3669-3672. 

50) Ramsdell, F., Seaman, M. S., Miller, R. E., 

Picha, K. S., Kennedy, M. K. and Lynch, D. 
H. 1994. Differential ability of Th1 and Th2 T 

cells to express Fas ligand and to undergo 

activation-induced cell death. Int. Immunol. 
6: 1545-1553. 

51) Reiner, S. L., and Locksley, R. M. 1995. The 

regulation of immunity to Leishmania major. 
[review] Annu. Rev. Immunol. 13: 151-177. 

52) Romagnani, S. 1994. Lymphokine production 

by human T cells in disease states. Annu. 
Rev. Immunol. 12: 227-280. 

53) Ryan, J. J., McReynolds, L. J., Keegan, A., 

Wang, L. H., Garfein, E., Rothman, P., 

Nelms, K., and Paul, W. E. 1996. Growth and 

gene expression are predominantly controlled 

by distinct regions of the human IL-4 recep­

tor. Immunity 4: 123-132. 

54) Robinson, D. S., Hamid, Q., Ying, S., Tsico­

pOUlos, A., Barkans, J., Bentley, A. M., 

Corrigan, C., Durham, S. R, and Kay, A. B. 

1992. Predominant Th2-like bronchoalveolar 

T - lymphocyte population in atopic asthma. N. 
Engl. ]. Med. 326: 298-304. 

55) Seder, R. A. and Paul, W. E. 1994. Acquisi­
tion of lymphokine-producing phenotype by 

CD4+ T cells. Annu. Rev. Immunol. 12: 

635-673. 

56) Sher, A. and Coffman R. L. 1992. Regulation 

of immunity to parasites by T cells and T cell­

deprived cytokines. Annu. Rev. Immunol. 
10: 385-409. 

57) Shimoda, K., vanDeursen, J., Sangster, M. 

Y., Sarawdr, S. R, Carson, R. T., Tripp, R 
A., Chu, C., Quelle, F. W., Nosaka, T., 

Vignali, D. A., Doherty, P. C., Grosveld, G., 

Paul, W. E., Ihle, J. N. 1996. Lack of 

IL-4-induced Th2 response and IgE class 

switching in mice with disrupted Stat6 gene. 

Nature 380: 630-633. 

58) Takeda, K., Tanaka, T., Shi, W., Matsumoto, 

M., Minami, M., Kashiwamura, S., Naka­

nishi, K. , Yoshida, N., Kishimoto, T., Akira, 

S. 1996. Essential role of Stat6 in IL-4 

signalling. Nature 380: 627-630. 

59) Thierfelder, W. E., vanDeursen, J. M., Yama­

moto, K., Tripp, R. A., Sarawar, S. r., 

Carson, R. T., Sangster, M. Y., Vignali, D. 

A., Doherty, P. C., Grosveld, G. C., Ihle, J. 
N. 1996. Requirement for Stat4 in interleukin-

12-mediated responses of natural killer and T 

cells. Nature 382: 171-174. 

60) Ushio, S., Namba, M., Okura, T., Hattori, 

K., Nukada, Y., Akita, K., Tanabe, F., 

Konishi, K., Micallef, M., Fujii, M., Torigoe, 

K., Tanimoto, T., Fukuda, S., Ikeda, M., 

Okamura, H., and Kurimoto, M. 1996. Clon­

ing of the cDNA for human IFN-gamma­

inducing factor, expression in Escherichia coli, 
and studies on the biologic activities of the 
protein. ]. Immunol. 156: 4247-4279. 

61) Wardraw, A. J., Moqbel, R. and Kay, A. B. 
1995. Eosinophils: biology and role in dis­

ease. [Review] Adv. Immunol. 60: 151-266. 

62) Yamamura, M., Uyemura, K., Deans, R. J., 

Weinberg, K., Rea, T. HY., Bloom, B. R., 
Modlin, R. L. 1991. Defining protective re­

sponses to pathogens: cytokine profiles in 

leprosy lesions. Science 254: 277-279. 

63) Yao, Z., Fanslow, W. C., Seldin, M. F., 

Rousseau, A. M., Painter, S. L., Comeau, M. 

R., Crhen, J. I. and Spriggs, M. K. 1995. 



12 Gary Splitter 

Herpesvirus Saimiri encodes a new cytokine, 
IL-17, which binds to a novel cytokine recep­
tor. Immunity 3: 811-821. 

64) Yao, Z., Maraskovsky, E., Spriggs, M. K., 

Cohen, J. I., Armitage, R. J., and Alderson, 

M. R. 1996. Herpesvirus saimiri open reading 
frame 14, a protein encoded by T lymphotro­

pic herpesvirus, binds to MHC class II mole­

cules and stimulates T cell proliferation. ]. 
Immunol. 156: 3260-3266. 


