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Abstract Cytokines represent one of the most important elements in the communication among different cell 
types. They play an increasingly better understood role in the communication among hematopoietic cells and in 
particular in the reciprocal regulation of effector cell types of innate or natural resistance (phagocytic cells and Natural 
Killer (NK) cells) and those of adaptive immunity (T and B lymphocytes). Lymphocytes produce several cytokines with 
either stimulatory (e.g., colony stimulatory factor) or suppressive (e.g., tumor necrosis factors and interferons) effects 
on proliferation of early hematopoietic cells. Many of these cytokines, alone or acting in synergistic combinations, also 
have a differentiation-inducing ability on immature myeloid cells and act as powerful potentiators of the cellular 
functions of terminally differentiated phagocytic cells. The communication between lymphocytes and phagocytic cells 
is  not unidirectional, as phagocytic cells produce factors that regulate lymphocyte activation. In addition to their role as 
antigen presenting cells expressing costimulatory accessory molecules and secreting cytokines (e.g., IL-I, IL-6, TNF), 
phagocytic cells have been recently shown to produce Natural Killer cell Stimulatory Factor (NKSF/IL-12). IL-12 is a 
heterodimeric cytokine with important modulatory functions on cytotoxicity of NK and T cells, lymphocyte prolifera- 
tion, lymphokine production, and development of T helper cell subsets. These communications between phagocytic 
cells and lymphocytes are further regulated by negative and positive feedback mechanisms that contribute to maintain 
the homeostasis of the system in physiologic conditions and to govern the changes in this equilibrium needed for the 
response to infectious or other foreign agents. 
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Lymphocytes, mainly T and NK cells, produce 
and, in some cases, are the major producers of 
cytokines that have a major effect on the differ- 
entiation and activation of hematopoietic cells. 
These cytokines include colony stimulatory fac- 
tors (CSF) such as granulocyte-macrophage CSF 
(GM-CSF), macrophage CSF (M-CSF), and inter- 
leukin 3 (IL-3) as well as other cytokines such as 
IL-4, interferon-y (IFN-y), tumor necrosis fac- 
tor (TNF), and lymphotoxin (LT) [ l l .  In the case 
of pathologic activation or malignant expansion 
of certain lymphocyte subsets, in patients or in 
experimental animals, hematopoietic alterations 
often characterized by neutropenia or anemia 
are not infrequent. These observations have led 
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to the hypothesis that lymphocytes, T and NK 
cells, play a major role in the regulation of 
hematopoietic homeostasis. Although there is 
no doubt that in pathologic conditions lympho- 
cytes affect the production of both erythroid and 
myeloid cells in the bone marrow, the physi- 
ologic role of T and NK cells is probably a minor 
one, as normal erythro- and myelo-poiesis are 
observed in animals deprived of T or NK cells. 
The observed effects on bone marrow hematopoi- 
esis during in vivo lymphocyte activation could 
be in part an epiphenomenon due to the fact 
that many of the lymphocyte-produced cyto- 
kines mentioned above have a major physiologic 
role in activating phagocytic cells and only sec- 
ondarily in regulating proliferation and differen- 
tiation of hematopoietic cells. 

The communication between phagocytic cells 
and lymphocytes is not, however, unidirec- 
tional. Phagocytic cells and other cell types of 
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Fig. 1 .  Schematic representation of the major cytokine pathways between phagocytic cells and lymphocytes. 

natural resistance have a major role in regulat- 
ing the activity of lymphocytes and the immune 
response. In addition to the well understood role 
of macrophages as antigen-presenting cells and 
their ability to produce IL-1, a costimulator of 
lymphocyte activation, other cytokines pro- 
duced by phagocytic cells such as IL-6 and TNF 
have been recognized to play an important role 
in lymphocyte activation. Natural Killer cell 
Stimulatory Factor (NKSF or IL-12) is a re- 
cently described cytokine that appears to pro- 
vide an important functional bridge between 
natural resistance and adaptive immune re- 
sponse [2,31. NKSF/IL-12 is produced primarily 
by phagocytic cells and affects T and NK cell 
functions. It appears, therefore, that a cytokine 
cross-talk between phagocytic cells and lympho- 
cytes is of central importance in the regulation 
of both the innate and the immune resistance. 
In this Prospect, we highlight our work and that 
of other groups that has led to the identification 
of different aspects of this cross-talk. Figure 1 
schematically depicts some of the principal cyto- 

kine interactions between phagocytic cells and 
lymphocytes. 

ROLE OF T AND NK CELLS IN REGULATION 
OF HEMATOPOIESIS 

Lymphocytes represent a small but signifi- 
cant proportion of bone marrow cells from 
healthy donors. Mature T cells account for a few 
percent of bone marrow cells and include both 
CD4 and CD8 subsets [l l .  NK cells have been 
shown to originate and differentiate in the bone 
marrow, but active mature NK cells are almost 
entirely absent from the bone marrow of healthy 
donors [41. Alteration of T and NK cells in the 
bone marrow can be quantitative (increased 
number or change in the proportion of various 
subsets) or qualitative (activation of the cells I. 
Similarly, NK cells can infiltrate the bone mar- 
row and exist there in an activated state. Al- 
though T and NK cells can produce cytokines 
with either a stimulatory or an inhibitory effect 
on hematopoiesis, bone marrow failure in one or 
more lineages is the hematopoietic condition 
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most often associated with lymphocyte activa- 
tion. In a classic study by Bagby et al. [5] 234 
patients with neutropenia and granulocytic hy- 
poplasia of diverse etiologies were analyzed for 
evidence of T-cell suppression of granulopoiesis. 
In approximately one-sixth of the patients sup- 
pressive T cells were demonstrated by the obser- 
vation that elimination of T cells from the bone 
marrow preparations resulted in increased 
colony formation, whereas addition of T cells 
purified from the bone marrow resulted in colony 
inhibition. Various immunological or nonspe- 
cific mechanisms have been proposed to explain 
the inhibitory effect of lymphocytes on hemato- 
poiesis: 1) the presence of inhibitory lympho- 
cytes may be due to autoimmune mechanisms; 
2) the inhibitory lymphocytes may be generated 
as a reaction to a pathogenic stimulus (e.g., 
infection or malignancy), and the effect on hema- 
topoietic cells is secondary and non-antigen spe- 
cific; or 3) the clonal or malignant expansion of a 
lymphocyte subpopulation with inhibitory activ- 
ity is responsible for the failure of other hemato- 
poietic cells. 

Experimental observations in animals, clini- 
cal findings in human patients, and in vitro 
analysis provided strong evidence that NK cells 
are involved in the regulation of hematopoiesis 
[6]. The effector role of NK cells in rejection of 
parental bone marrow graft in irradiated F1 
mice [7] and in suppressing erythropoiesis and 
phagocytopoiesis in mice infected with lympho- 
cytic choriomeningitis virus (LCMV) [8] demon- 
strated that in vivo activated NK cells can affect 
both allogeneic and syngeneic hematopoietic pro- 
genitor cells. In vivo depletion of NK cells by 
treatment of mice with anti-NK cell antibodies 
demonstrated a differential effect of NK cells on 
various lineages. NK cell depletion in normal 
mice increases phagocytopoiesis and decreases 
erythropoiesis and megakaryocytopoiesis [9,10]. 
Consistent with these results, in mice receiving 
myelosuppressive irradiation, depletion of NK 
cells results in faster recovery of phagocytopoi- 
esis and slower recovery of megakaryocytopoi- 
esis and erythropoiesis [ 111. 

ROLE OF CYTOKINES IN THE EFFECT OF 
T AND NK CELLS ON HEMATOPOIETIC 

COLONY FORMATION IN VlTRO 

Activated lymphocytes or lymphocyte superna- 
tant fluids have been used as a source of CSF in 
order to obtain hematopoietic colony growth in 
vitro. However, it was observed that activated T 

and NK cells or their supernatant fluid are in- 
hibitory for hematopoietic colony formation in 
vitro in the presence of an exogenous source of 
CSF. The inhibitory factors produced by acti- 
vated T cells have been determined to be IFN-y 
and LT or TNF, acting synergistically [12]. NK 
cells also inhibit colony formation by producing 
IFN-y and TNF; NK cells, either resting or 
activated, are induced to produce these cyto- 
kines when exposed to autologous or allogeneic 
hematopoietic progenitor cell preparations [131. 

NK cells lyse autologous and allogeneic target 
cells even in the absence of MHC class I antigens 
on the target cells. Recently, however, human 
allospecific NK cell clones have been generated 
that recognize at least five distinct specificities 
inherited recessively and controlled by genes 
linked to the MHC [141. Because the genetic 
specificity of these alloreactive NK cells in vitro 
appears analogous to that of in vivo NK cell- 
mediated murine hybrid resistance (i.e., the re- 
jection of parental bone marrow in irradiated F1 
animals), we [151 tested the ability of human 
alloreactive NK clones to recognize allogeneic 
hematopoietic progenitor cells. Alloreactive NK 
cell clones recognizing specificity 1 significantly 
and often completely suppressed colony forma- 
tion by purified peripheral blood hematopoietic 
progenitor cells from specificity 1 susceptible 
donors, but had no significant effect on the cells 
of specificity 1 resistant donors. Activated poly- 
clonal NK cells were less efficient than the NK 
clones in inhibiting colony formation and had a 
similar effect on cells from both specificity 1 
susceptible and resistant donors. The alloreac- 
tive NK clones produced cytokines with a sup- 
pressive effect on in vitro hematopoiesis, such as 
IFN-y and TNF-a, when exposed to PHA-blasts 
from specificity 1 susceptible but not resistant 
donors. However, the mechanism by which allo- 
reactive NK cells inhibit colony formation is 
more consistent with a direct cytotoxic effect 
than with the production of inhibitory cytokines 
because antibodies (anti IFN-y, TNF-a, and lym- 
photoxin) which completely blocked the inhibi- 
tion by polyclonal NK cells had only a minimal 
effect on the inhibition by the alloreactive clones. 
Moreover, the alloreactive clones were directly 
cytolytic in a 51Cr-release assay against enriched 
preparations of peripheral blood progenitor cells 
from specificity 1 susceptible donors. These data 
indicate that the alloreactive NK cells are likely 
to be the human counterpart of the cells mediat- 
ing murine hybrid resistance and that these 
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cells might play clinically important roles in 
rejection or in graft-versus-leukemia reactions 
following allogeneic bone marrow transplanta- 
tion. 

EFFECT OF LYMPHOKINES 
ON THE DIFFERENTIATION OF IMMATURE 

MYELOID CELLS 

CSF produced by T and NK cells induce the 
proliferation and eventually the differentiation 
of hematopoietic cells. IFN-y and TNFILT, two 
cytokines which synergistically inhibit myeloid 
colony formation, are also potent inducers of 
differentiation of immature myeloid cells [16,17]. 
The inhibitory effect of these cytokines on prolif- 
eration of colony-forming cells is possibly due to 
their ability to induce early differentiation of the 
myeloid precursor cells, with loss of prolifera- 
tive ability. The ability of IFN-y and TNF/LT, 
separately or synergistically, to induce differen- 
tiation of immature myeloid cells was clearly 
shown in experiments utilizing myeloid leuke- 
mia cells, either cells freshly obtained from pa- 
tients or established human leukemia cell lines, 
such as HL-60 or ML-3. The ability of condi- 
tioned medium from activated lymphocytes to 
induce differentiation of myeloid leukemic cells, 
described in early studies [181, was found to be 
almost exclusively dependent on the presence of 
IFN-y and TNF in the conditioned medium [17]. 

IFN-y and/or TNF induce in leukemia my- 
eloid cell lines expression of genes and functions 
typical of monocyte/macrophages, associated 
with a decreased proliferative ability of the cells 
[16,171. The differentiated cells express surface 
antigens typical of mature monocytes/macro- 
phages such as CD14, CDllb, CD64, and class I1 
MHC, and acquire phagocytic cell functions such 
as phagocytosis, the ability to mediate antibody- 
dependent cytotoxicity, and the ability to  re- 
spond to external stimuli with an oxidative burst 
and production of oxygen metabolites. The enzy- 
matic complex responsible for the respiratory 
burst uses NADPH as a substrate and is re- 
ferred to as the NADPH oxidase complex [19,20]. 
We studied the regulation of the expression of 
four genes encoding proteins essential for 
NADPH oxidase activity, in order to analyze the 
ability of the cytokines IFN-y and TNF to in- 
duce functional and phenotypic differentiation 
of myeloid leukemia cells [21,221. The factors 
analyzed were the two chains of the membrane 
flavocytochrome b capable of directly reducing 
oxygen to superoxide (the heavy or (Y chain, 

gp91-phox, and the light or P chain, p22-phox) 
as well as the two cytoplasmic proteins required 
for the cytochrome b activity, p47-phox and 
p67-phox. Expression of three of the genes encod- 
ing these factors, namely gp91-phox, p47-phox, 
and p67-phox, was induced synergistically by 
IFN-y and TNF, whereas the p22-phox gene, 
encoding the NADPH-binding P chain of cyto- 
chrome b, was already expressed in the imma- 
ture cells and not further induced by the cyto- 
kines. The surface markers characteristic of 
mature cells, the NADPH-oxidase genes, and 
the phagocytic cell functions were coordinately 
expressed during in vitro differentiation of the 
HL-60 and ML3 cells similarly to the orderly 
regulation of gene expression observed during 
physiologc differentiation of normal myeloid 
cells. Cultures of HL-60 and ML-3 cells, in the 
presence of differentiation inducers, were shown 
to contain differentiated cells coordinately ex- 
pressing all the markers analyzed, as well as 
undifferentiated cells, with a phenotype similar 
to that of the uninduced cell lines. Figure 2 
illustrates a typical experiment illustrating the 
coordinate expression of cellular functions and 
gene expression during differentiation. ML3 
cells, treated with TNF and IFN-y, were sorted 
using flow cytometry (dichlorofluorescein fluo- 
rescence) in cells with high and low respiratory 
burst activity in response to the phorbol diester 
TPA utilizing the fluorescence of dichlorofluors- 
cein as an intracellular indicator of reactive oxy- 
gen metabolites. Accumulation of mRNA for 
gp9l-phox and p47-phox was analyzed by in situ 
hybridization on the sorted cells; the ML3 cells 
with the highest respiratory burst activity also 
showed the highest accumulation of both gp91- 
phox and p47-phox mRNA. 

CMOKINES PRODUCED BY T AND NK CELLS 
MODULATE THE ACTIVATION 

OF PHAGOCMIC CELLS 

Although several cytokines produced by acti- 
vated lymphocytes affect myeloid cells from the 
early progenitor cells to  mature terminally differ- 
entiated cells, their effect on the activation of 
mature cells, which is responsible for rapid acti- 
vation of the phagocytic system when T and NK 
cells are activated in response against infectious 
microorganisms or other stimuli, is probably the 
most physiologically relevant. IFN-y was shown 
to be the major lymphokine able to activate 
human macrophage oxidative metabolism and 
antimicrobial activity [23]. TNF, GM-CSF, and 
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Fig. 2. Distribution of expression of gp91-phox and p47-phox 
mRNA in ML3 cells sorted for functional oxidative burst capabil- 
ity. ML3 cells were induced with 100 U/ml rTNF and 1,000 
Uiml rlFN-y for 4 days, stained with DCF, activated with TPA 
for 15 min, and sorted by flow cytornetry (top histogram) into 
subpopulations with the 25% lowest (L) and 25% highest (H) 
fluorescence intensity. The thresholds used for sorting are 
indicated with arrows on the top histogram. The sorted cells 
were deposited onto microscope slides and hybridized with 
RNA probes specific for gp91 -phox and p47-phox transcripts. 
Frequency histograms show distribution of grainsicell of slides 
hybridized with gp91-phox (A$) and p47-phox (C,D) probes in 
subpopulations of the 25% lowest (A,C) and 25% highest (B,D) 
DCF fluorescence intensity. Grains/cell over cells hybridized 
with the sense probes did not exceed 5 grains per cell (not 
shown). The solid line on the top panel represents the fluores- 
cence distribution of the negative control, and the dotted line 
represents the distribution of the ML3 cells labeled with DCF. 

IL-2 also have activating activity on monocytes/ 
macrophages, in part overlapping with that of 
IFN-y. Other products of lymphocytes have 
down-regulatory effects on macrophage activa- 
tion and production of cytokines. IL-10, a prod- 
uct of various cell types including B and T cells 
and monocytes, is a potent inhibitor of mono- 
cyteimacrophage functions, including oxidative 
burst, nitric oxide production, cytotoxicity, and 
production of cytokines such as TNF, IL-1, and 
IL-12 [24,251. IL-4 also has mostly down-regulat- 
ing activity on monocyte-macrophage function. 

Human neutrophils are terminally differenti- 
ated cells with a life span in vivo of only a few 
days. Regulation of the neutrophil system in 

vivo is mostly regulated by increased production 
at  bone marrow levels as well as migration to the 
periphery of a preformed bone marrow pool of 
neutrophils. Lymphocyte-derived cytokines such 
as GM-CSF and TNF have a physiologic role in 
vivo in the production and migration, respec- 
tively, of neutrophils. Neutrophils have been 
considered terminally differentiated cells ca- 
pable of minimal, if any, protein synthesis and 
with no transcriptional activity. However, stud- 
ies from our and other groups have clearly shown 
that neutrophils respond to cytokines such as 
IFN-y, primarily, but also GM-CSF and TNF, 
with de novo transcriptional activity and protein 
synthesis and expression of new surface mark- 
ers, production of cytokines such as TNF, IL-8, 
and, possibly, IL-12, and enhancement of cellu- 
lar function such as cytotoxicity, respiratory 
burst, and phagocytosis [26-301. The first indi- 
cation of the ability of neutrophils to synthesize 
new proteins was the ability of IFN-y to induce 
on human neutrophils the expression of the 
high affinity receptor for the Fc fragment of IgG 
(FcyRI or CD64) [31]. IFN-y induces both de 
novo accumulation of mRNA and transcription 
of the CD64 gene [30,321. Later, IFN-y and 
GM-CSF were shown to enhance neutrophil life 
span and functions [26,271. The enhancing ef- 
fect of IFN-y on neutrophil respiratory burst 
was found to be accompanied by a rapid increase 
in the accumulation of mRNA for gp91-phox, 
the CY chain of the NADPH oxidase cytochrome b 
[28]. Oligonucleotides antisense to the gp91- 
phox mRNA prevented the IFN-y-mediated en- 
hancement of respiratory burst in neutrophils, 
but not the basal oxidative activity [M.A. Cas- 
satella and G. Trinchieri, unpublished results], 
suggesting that the IFN-y effect is in part medi- 
ated by up-regulation of the gp91-phox genes, 
similar to the IFN-y effect on differentiation of 
respiratory burst function in immature myeloid 
leukemia cells [21,221. 

PHACOCYTIC CELLS PRODUCE CYTOKINES 
WITH REGULATORY ACTIVITY ON 

LYMPHOCYTE FUNCTION 

Phagocytic cells can affect the functions of 
lymphocytes through different mechanisms. In 
part, the effects are dependent on cell contact- 
for example, antigen presentation or expression 
of costimulatory molecules such as the B7 anti- 
gen (i.e., the ligand for the CD28 surface recep- 
tor on T cells). Among the cytokines produced 
by phagocytic cells, several (e.g., IL-1, IL-6, TNF) 
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Fig. 3. 
(NKSF or IL-12) 

Schematic representation of the production and biologic functions of Natural Killer cell Stimulatory Factor 

have a costimulatory effect on T and NK cell 
activation. However, these cytokines alone have 
only a minor direct stimulatory effect on lympho- 
cyte proliferation or lymphokine production. The 
recent identification of NKSF/IL-12 has pro- 
vided evidence for a new cytokine that may 
represent the major missing link between the 
phagocytic cell system and both NK cells and T 
cells. Figure 3 schematically illustrates the pro- 
duction and major function of NKSF/IL-12. 

NKSF/IL-12 is a heterodimeric cytokine of 70 
kD formed by a heavy chain of 40 kD (p40) and a 
light chain of 35 kD (p35) [2]. Although it was 
originally identified and purified from the super- 
natant of Epstein Barr-virus-transformed B cell 
lines, it has been shown that among peripheral 
blood cells NKSF/IL-12 is predominantly pro- 
duced by monocytes, with lower production by B 
cells and other accessory cells [331. The most 
powerful inducers of NKSF/IL-12 production 
are bacteria, bacterial products, and parasites. 
In addition to the biologically active p70 het- 
erodimer, the cells producing NKSF/IL-12 also 

secrete a large excess of monomeric p40, a mol- 
ecule with no demonstrable biological activity 
[33]. NKSF/IL-12 is active on T lymphocytes 
and NK cells on which it induces production of 
lymphokines, enhancement of cytotoxic activity, 
and mitogenic effects 134-373. NKSF/IL-12 in- 
duces T and NK cells to produce IFN-y and 
synergizes with other IFN-y inducers in this 
effect. In vitro and in vivo NKSF/IL-12 is re- 
quired for optimal IFN-y production [33]. When 
human lymphocytes are stimulated with anti- 
gens in vitro, addition of exogenous NKSF/ 
IL-12 to the culture induces differentiation of T 
helper cells type 1 (Thl) cells, which produce 
IL-2 and IFN-y and favor a delayed type hyper- 
sensitivity and cytotoxic T cell generation, 
whereas neutralization of endogenous NKSFi 
IL-12 with antibodies favors differentiation of 
Th2 cells, which produce IL-4, IL-5, IL-6, and 
IL-10 and facilitate B cell responses and anti- 
body production [38]. IFN-y, a product of T h l  
cells, enhances NKSF/IL-12 production by 
mononuclear cells, whereas IL-10 and IL-4, prod- 
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ucts of Th2 cells, efficiently inhibit it [39]. There- 
fore NKSFIIL-12 appears to  be an important 
inducer of Thl  responses produced by accessory 
cells during early antigenic stimulation, and its 
production is regulated by a positive feedback 
mechanism mediated by T h l  cells through IFN--y 
and a negative one by Th2 cells through IL-10 
and IL-4. The balance of IL-12 production vs. 
IL-10 and IL-4 production early during an im- 
mune response might therefore be instrumental 
in determining Thl-type vs. Th2-type immune 
responses. Because of this potential role of IL-12 
during immune responses, the observed im- 
paired ability of H N  seropositive patients to 
produce NKSFIIL-12 in response to bacterial 
stimulation (J. Chehimi and G. Trinchieri, un- 
published observation) might be a contributing 
factor to the predominantly Th2 response ob- 
served in these patients, which may in part be 
responsible for their inability to efficiently resist 
opportunistic infections [401. 

NKSF/IL-12, produced by phagocytic cells in 
response to  bacterial or parasitic infection, in- 
duces IFN-), production by T and NK cells, and 
IFN--y activates phagocytic cell functions, includ- 
ing their ability to  produce NKSF/IL-12. It is 
therefore evident that NKSF/IL-12 is involved 
in an effective positive feedback mechanism that 
induces activation of phagocytic cells during bac- 
terial and parasitic infection [33,41]. Because 
NK cells are potent producers of IFN-1, in re- 
sponse to NKSF/IL-12 as other stimuli, NKSF/ 
IL-12 is also, at least in part, responsible for the 
NK cell-mediated, T cell-independent macro- 
phage activation mechanism observed following 
bacterial infection (421. A role for NKSF/IL-12 
in IFN--y production and macrophage activation 
in the absence of T cells has been directly demon- 
strated in response to  Toxoplasma infection [411. 
The ability of NKSF/IL-12 to induce IFN-y pro- 
duction in vivo is, however, not always benefi- 
cial. We (M. Wysocka and G. Trinchieri, unpub- 
lished data) have observed that NKSF/IL-12 is 
produced during LPS-induced endotoxic shock 
and is required for production of IFN-y, a major 
factor responsible for shock morbidity and lethal- 
ity. 

CONCLUSIONS 

The data briefly summarized in this Prospect 
clearly indicate that innate resistance, mediated 
by phagocytic cells and NK cells, and adaptive 
immunity, mediated by T and B cells, do not act 
in isolation, but that a reciprocal regulation, 

mostly through cytokine secretion, regulates the 
two systems. Some of the cytokines and mecha- 
nisms involved in this cross-talk have been exten- 
sively studied and are well characterized. The 
investigation of these last few years has recog- 
nized a previously unexpected active role of the 
neutrophils in these regulatory interactions and 
has led to  the identification and characteriza- 
tion of NKSF/IL-12, a cytokine that appears to 
provide an essential bridge between innate resis- 
tance and adaptive immunity. Pathologic mani- 
festations such as suppression of hematopoiesis 
or endotoxic shock are probably the opposite 
extreme effects of the imbalance of the physi- 
ologic interaction and cytokine cross-talk be- 
tween phagocytic cells and lymphocytes. Our 
knowledge of the cellular and molecular mecha- 
nisms involved in these interactions is rapidly 
progressing, and their complete understanding 
will allow us to recognize the cause of the patho- 
logic conditions resulting from their imbalance 
and to plan effective therapeutic intervention. 
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