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Mononuclear phagocytes: 
Physiology and functional abnormalities
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Mononuclear phagocytes (blood mo­
nocytes and tissue macrophages) con­
stitu te  a  critically im portant com­
ponent of the immune system and of 
the body’s capacity to resist infection. 
These cells are distributed throughout 
the body in the “mononuclear pha­
gocyte system ” (formerly term ed the 
“reticuloendothelial system ” ). Mo­
nonuclear phagocytes are probably 
essential for life, since a complete 
deficiency of cells of this lineage ap ­
parently  has not been reported in a 
healthy individual. This presentation 
describes certain aspects of mono­
nuclear phagocyte function, especial­
ly as related to host defense against 
infection. This subject has recently 
been reviewed in more detail [4].

P h y s i o l o g y

The macrophage cell line originates 
in the bone marrow as a common com­
m itted  progenitor cell for the granu­
locyte and monocyte-macrophage pa­
thways [4, 14]. Glycoprotein hormo­
nes term ed colony-stimulating factors 
induce differentiation of this cell into 
a monoblast, which differentiates into 
a promonocyte, then a monocyte.

Newly formed monocytes can re­
main in the marrow for up to  a day, 
bu t there is no marrow reserve like 
th a t for granulocytes. H um an mono­
cytes circulating in the bloodstream 
have been found to have a  half-life of 
approxim ately 3 days. I t  is not clear 
whether humans have a pool of mar- 
ginating monocytes (adherent to the 
endothelium of blood vessels), as they 
do a pool of m arginating neutrophils.

Migration of monocytes into the dif­
ferent tissues appears to  be a random 
phenomenon in the absence of locali­
zed inflammation. Once in the tissues, 
monocytes undergo transform ation 
into tissue macrophages with mor­
phologic and sometimes functional 
properties th a t are characteristic for 
the tissue in which they  reside [14]. 
The life span of individual macropha­
ges in human tissues is believed to be 
months, bu t precise d a ta  are not ava­
ilable. An estimate of life span has 
been obtained by studying patients 
receiving a bone m arrow transplant 
after the ablation of their own mar­
row. The recipients’ tissue m acropha­
ges were replaced by donor macro­
phages after approxim ately 3 months
[4].
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The term inal stage of developm ent 
in  th e  mononuclear-phagocyte line is 
the  m ultinucleated giant cell. Ma­
crophages appear to be the  precursors 
to  th e  multinucleated cells. T he fun­
ction o f the multinucleated g ian t cell 
has n o t been clear. M onocytes kep t in 
cu ltu re  for 3 to 10 days develop the 
general features of tissue m acropha­
ges, an d  some of them are fused  into 
large m ultinucleated cells [9]. Com­
p ara tiv e  studies of the tw o cell types 
ind ica te  th a t giant cells can  pha­
gocytose opsonized ery throcytes thro­
ugh F c  or C3 receptors and  th a t  they 
can phagocytose and kill Candida as 
effectively as do m acrophages (Table 
I). T he production of superoxide 
anion, th e  expression of m em brane la

antigen, and  the content of certain 
hydrolytic enzymes also appear com­
parable in macrophages and giant cells 
under sim ilar conditions [9].

M a c r o p h a g e  A c t iv a t io n

The m ost im portant step in the 
m aturation of macrophages from the 
standpoint of host defense is the 
lymphokine-driven conversion of the 
normal, or resident, cell to  the “acti­
vated m acrophage” . By definition, 
activated macrophages have increased 
microbicidal activ ity  against a variety 
of organisms [5, 10]. These cells also 
express a large number of morpholo­
gic, functional, and metabolic diffe­
rences between them  and resident cells

T a b l e  I

C om parison  of F u n c tio n a l a n d  A ntigen ic  C h a rac te ris tic s  o f  M acrophages a n d  
M u ltin u c le a te d  G ian t Cells (MGC)*

C h a ra c te r is t ic M acro p h ag es MGO

% of cells th a t were phagocytic4-

P hagocytosis of:
IgG-coated red cells 7 9 ± 3  (8) 67 ± 6
C3-coated red cells 4 1 ± 8  (5) 4 5 ± 8
Candida albicans 8 9 ± 6  (7)

% of ingested fungi killed

8 8 ± 8

K illin g  of Candida albicans 2 1 ± 5  (6)

% of cells p ositive

2 4 ± 4

Production of superoxide
N o  stimulus U ± 3  (12) 1 3 ± 3
Phorbol myristate aceta te  (РМ А) 67di5  (12) 7 0 ± 5
PMA -f- superoxide d ism u tase 1 2 ± 5  (6)

% of cells positive

1 2 ± 4

Presence of HLA-Dr (la ) a n tigen 7 6 ± 5  (4) 7 4 ± 2

* Studies were performed o n  th e  tw o cell types present w ith in  the same culture dishes. 
The v a lu es represent m ean ±  SE M ; th e  number in parentheses in the macrophage column  
in d ica tes th e  number of experim ents performed.

+ T he percentage of cells th a t  ingested  at least one particle is shown. (Data from reference 
9, w ith  permission)
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T a b l e  I I

F u n c tio n a l M odification  o f  A c tiv a ted  
M acrophages*

m icrob icidal a c tiv ity  ( f  ) 
tu m o ric id a l a c tiv ity  ( \  ) 
chem otax is  ( j- )
phagocy tosis (varies w ith  p a rtic le ) 
p inocytosis ( f  )
glucose tr a n s p o r t  a n d  m e tab o lism  ( f  ) 
re sp ira to ry  b u rs t  ( f  ) 
an tig en  p re se n ta tio n  ( f  )

* f in d ica te s  th a t  th e  a c t iv i ty  is in c re ­
ased in  a c tiv a te d  m acro p h ag es. T h is lis t is 
based  p rim a rily  on s tu d ie s  w ith  m a c ro p h a ­
ges from  an im als  a n d  h u m a n s  in fec ted  w ith  
in tra c e llu la r  p a ra s ite s ; in  som e cases, th e  
find ings h av e  been  con firm ed  b y  th e  a d d it­
ion o f  in te rfe ro n  g am m a in  v itro . (A dap ted  
from  reference  4)

[1, 3, 4, 10]. Activated macrophages 
are bigger and display pronounced ru f­
fling of the plasma membrane, an 
increased capacity for adherence and 
spreading on surfaces, increased for­
mation of pseudopods, and increased 
numbers of pinocytic vesicles, as well 
as the functional differences described 
in Table I I .

Macrophage activation is accom­
plished during infection through the 
release of m acrophage-activating lym­
phokines from T lymphocytes speci­
fically sensitized to  antigens from the 
infecting organism [4]. This interac­
tion constitutes the basis of cell-me­
diated imm unity. Interferon gamma 
appears to  be an especially im portant 
macrophage-activating lymphokine, 
and granulocyte-macrophage colony- 
stim ulating factor (GM-CSF) is a se­
cond such lymphokine. Activation 
and accompanying enhanced resis­
tance to  infection have been achieved

in animals by injection o f interferon 
gam m a or the ad juvan t muramyl 
dipeptide, a small peptide sugar deri­
ved from the cell wall of bacteria 
(reviewed in reference 4). These and 
similar findings have supported  the 
possibility th a t macrophage activation 
m ay be induced as a means of treating 
patients with intracellular infection or 
cancer.

A large amount of published experi­
m ental data has indicated th a t  macro­
phages are im portant in the  specific 
immune response [13]. Macrophages 
are believed to process antigen and 
present it  in a more reactive form to 
lymphocytes and to serve as acces­
sory (supportive) cells in the  replica­
tion of lymphocytes. Evidence that 
macrophage activation leads to  more 
effective antigen presentation is sum­
marized in Table I I I  and  reviewed in 
references 4 and 13.

The heightened capacity  of activa­
ted  macrophages to  synthesize and 
release a variety of hydrolytic enzy-

T a b l e  I I I

E v id en ce  th a t  A n tigen  P re s e n ta t io n  is 
In c rea sed  in A c tiv a ted  M acro p h ag es 1 2 3 4

1. A c tiv a ted  m acrophages h a v e  increased 
expression  of l a  an tig en .

2. M acrophage an tigen  p re s e n ta t io n  varies 
d ire c tly  w ith  th e  e x te n t o f  l a  expression.

3. A d m in is tra tio n  o f in te rfe ro n  gam m a 
lead s to  a  m ark ed  in c rea se  in  an tib o d y  
fo rm a tio n .

4. A c tiv a te d  m acrophages re le a se  increased 
a m o u n ts  o f IL -1 , w h ich  s u p p o r ts  B-cell 
p ro life ra tio n  an d  a n tib o d y  fo rm atio n , as 
w ell a s  T-cell release o f  ly m h o k in es
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T a b l e  IV

C h a n g e s  in  secreted  p ro te in s , l ip id s  and  
o x y g e n  m etabo lites in  a c t iv a te d  

m acrophages*

ly so z y m e  (NC)
p ro s ta g la n d in s , leukotrienes ( |  ) 
a p o lip o p ro te in  E  and  lip o p ro te in  lip a se  ( |  ) 
e la s ta s e  ( j  )
c o m p le m e n t com ponents ( \  o r  N C ) 
a c id  h y d ro la se s  ( f  ) 
c o llag en ase  ( f ) 
p la sm in o g e n  ac tiv a to r ( f  ) 
c y to ly tic  p ro te in ase  ( f  ) 
a rg in a se  ( \  ) 
f ib ro n e c t in  ( f  ) 
in te r le u k in -  1 ( f )
tu m o r  necrosis fa c to r-a lp h a  ( f  w hen 

s t im u la te d )
in te r fe ro n  a lp h a  and  b e ta  ( f  ) 
a n g io g en e sis  fac to r ( f  ) 
su p e ro x id e  an d  hydrogen  p e ro x id e  ( \  

w h en  s tim u la ted )

* A d a p te d  from  reference 4.

mes and  potentially m icrobicidal ma­
terials (Table IV) probably plays a 
p a rt  in their increased killing capa­
city, although not every m acrophage 
p roduct is secreted in increased amo­
un ts b y  the activated cell. I t  is clear 
th a t  macrophages are extraordinarily  
active secretory cells, perhaps second 
only to  hepatocytes. A pproxim ately 
100 d istinct substances have  been 
identified  as being secreted by  macro­
phages [7, 12].

A b n o r m a l i t i e s  o f  m o n o c y t e s

AND MACROPHAGES

Monocyte-macrophage function  has 
been shown to be abnorm al in a 
va rie ty  of disease states [4]. In  most 
of them , abnormality is only partial

T a b l e  V

A b n o rm a litie s  o f  m onocy te -m acrophage  
function

C hem otax is  (m onocy tes)
P h ag o cy to s is  (m onocytes)
B lo o d stream  clea rance  
C ell-m ed ia ted  cy to to x ic ity  (m onocytes) 
Secretion  o f  p ro te c tiv e  fac to rs  (fib ronectin , 

C3, fa c to r  B )
L ipid  m e ta b o lism  
P h ag o cy tic  k illin g

and i t  has n o t been proved th a t  the 
partial defect predisposes to infection. 
Some of the  better defined abnorm a­
lities are summarized in Table V. 
Defective chemotaxis of monocytes 
has been described in newborn in­
fants, diabetes, burns, acquired im ­
mune deficiency syndrome (AIDS), 
and patien ts treated  with corticoste­
roids or immunosuppresive agents. 
Defective phagocytosis by monocytes 
can occur in monocytic leukemia, sys­
temic lupus erythematosus (SLE), or 
deficiency of the C D U —CD18 com­
plex of p lasm a membrane glycopro­
teins. The mononuclear phagocyte 
system clears the bloodstream of op­
sonized erythrocytes subnormally in 
SLE. M onocyte cell-mediated cyto­
toxicity can be abnormal in some pa­
tients w ith cancer and in children 
with W iskott-Aldrich syndrome. Cul­
tured m onocytes from newborn in­
fants have defective secretion of fibro­
nectin, C3, and  factor B.

The monocyte-macrophage system 
is prom inently  involved in several 
lipidstorage diseases (sphingolipido- 
ses). In  these conditions the expres­
sion in macrophages of a systemic
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enzymatic defect perm its the accu­
mulation of cell debris th a t is nor­
m ally cleared by macrophages. Resis­
tance to infection can be impaired 
[11]. The prototype for these disorders 
is Gaucher’s disease, in which there 
is accumulation of glucocerebroside 
from cell m em branes in “Gaucher 
cells” throughout the body. In all 
locations the Gaucher cell is an altered 
macrophage.

Macrophage killing of microoganisms 
is primarily (and severely) defective 
in chronic granulom atous disease, and 
secondarily depressed in several con­
ditions (Table VI). Lymphocytes from 
newborns and patien ts with AIDS or 
certain persistent intracellular infec­
tions, including visceral leishmania­
sis, lepromatous leprosy, and tuber­
culosis, may have a defective release 
of macrophage-activating factors, es­
pecially interferon gam m a [2, 4, 8].

In  some cases, i t  appears tha t ma­
crophage products, particularly pro-

T a b l e  V I

M acrophage d e fec ts  o f  p h ag o cy tic  killing

I. P rim a ry : ch ro n ic  g ran u lo m ato u s  d i­
sease

I I .  S econdary :
1. co rtico s te ro id  th e ra p y
2. v iral in fec tio n
3. new born  in fa n c y
4. failu re  o f  a c tiv a tio n  resu lting  from  

decreased  re lease  o f  in terferon- 
-gam m a:

A ID S
n ew born  in fan cy  
in tra c e llu la r  in fec tions (tu b e r­
culosis, lep ro sy , leishm aniasis)

staglandins, m ay suppress the release 
from lymphocytes of interferon gam ­
ma. This sort of defect might be trea­
ted by adm inistration of interferon 
gam m a to activate the macrophages 
directly, or by inhibition of the release 
of m acrophage suppressive factors — 
e.g., by adm inistration of prostag­
landin-synthesis inhibitors such as 
indom ethacin [3]. In  fact, injection of 
interferon gam m a has been shown to 
enhance in vitro killing by monocytes 
from patients with AIDS [6] and to 
normalize the skin response to Myco­
bacterium leprae in patients with le­
prom atous leprosy [8].

C o n c l u s i o n s

Mononuclear phagocytes are per­
haps the most versatile of all cell ty ­
pes. Much new understanding has 
been gained recently about their 
physiology, and experiments with 
anim als and early clinical trials sug­
gest th a t  this new knowledge will 
lead to  improvements in patient care.
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