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ABSTRACT

We examined the effect of purified human C-reactive protein (CRP)
on induction of human peripheral blood monocyte (Mo)-mediated cyto-

toxicity (CTX) and oxidative metabolism. Exposure of Mo to acute phase
serum levels of CRP in vitro resulted in dose-dependent expression of

CTX against human tumor cell lines. Nonneoplastic human fibroblasts
and glial cells were not affected by ('HP-exposed Mo, and treatment of

Mo monolayers with anti-Leu lib (a natural killer marker) and comple

ment did not abrogate or diminish CTX. Tumoricidal activity was ob
served after 20-44 h of Mo exposure to CRP, and after 48-72 h of

coculture with radiolabeled target tumor cells. Mo exposed to CRP for
48 h also demonstrated elevated Superoxide aniÃ³n production when
challenged with phorbol myristate acetate. Unlike CTX induced by
lipopolysaccharide, CRP-induced CTX was completely inhibited by prein-

cubation of CRP with phosphorylcholine, a CRP ligand, at a concentration
of 5.5 molecules phosphorylcholine per molecule CRP. Further, when
Mo medium (which contained 5% human AB serum) was preincubated
with immobilized CRP, exposure of Mo to CRP in such medium did not
result in CTX. In contrast, LPS-induced CTX was not affected. CRP-

induced Mo CTX was observed, however, when Mo were exposed to
CRP in medium preincubated with phosphorylcholine-treated immobi

lized CRP, suggesting that an active serum component which complexed
with CRP was not removed. These findings indicate that one of the
functions of the acute phase protein, CRP, may be to activate Mo and
that the process may require a CRP-binding serum component.

INTRODUCTION
During acute inflammation, the concentration of CRP,' a

plasma protein with a molecular weight of 110,000, becomes
dramatically elevated from trace amounts to levels of 1000-fold
or more (1, 2). Although CRP was first recognized in 1930 by
Tillet and Francis (3), the biological functions of the molecule
have not yet been firmly defined. That CRP has biological
significance is suggested by its appearance and remarkable
conservation of structure in a wide range of animal species,
including invertebrates (4). Several types of activities associated
with CRP are similar to those mediated by IgG, as for example,
the binding and activation of Clq (5). and the precipitation of
pneumococcal C-polysaccharide (1). CRP, when complexed
with a ligand such as C-polysaccharide of pneumococcus, has
been shown to bind to Fc-receptor-bearing monocytes (6, 7)
and to enhance phagocytosis (8, 9). Some investigators have
suggested that CRP can interact with lymphocytes and modu
late immune responses (10).

In previous studies, we found that treatment of tumor-bearing
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mice, with human CRP delivered in liposomes or red blood cell
ghosts, inhibited lung mÃ©tastasesand prolonged survival (11,
12). Although the mechanism of this CRP-induced tumor-
inhibitory effect has not been fully clarified, in vitro studies
suggest macrophage involvement. Murine macrophages ex
posed to liposomal or soluble CRP were found to develop
characteristics associated with an activated state; i.e.. enhanced
SA production and elevated tumoricidal activity (13). The pur
pose of this study was to determine if CRP would have a similar
effect on human Mo. Results indicate that human Mo are
indeed activated by CRP and that the effect is dependent upon
a CRP-binding serum factor that can be blocked by PC.

MATERIALS AND METHODS

Reagents. Human C-reactive protein was purified to homogeneity
from serous fluids as previously described (11). Preparations of CRP
yielded one band (22.000 subunit weight) on silver-stained polyacryl-
amide gel electrophoresis. The endotoxin content of CRP preparations
as determined by Limulus Amoebocyte Lysate assay (Woods Hole,
MA) was less than 0.002 ng endotoxin per mg CRP.

Preparation of Peripheral Blood Mo. MNL were purified from Ficoll-
Hypaque centrifugation of heparinized blood and allowed to adhere to
microtiter plates for 1 h. Nonadherent MNL were then removed by
vigorous washing. By nonspecific esterase cytochemistry, over 95% of
adherent mononuclear cells were characterized as Mo. All incubations
were carried out at 37'C in cRPMI. Endotoxin contents of culture

reagents did not exceed 0.3 ng/ml.
Target Cells in Cytotoxicity Assays. Target cells included the CCF-

STTG1 astrocytotna cell line previously established in our laboratory
from a grade IV astrocytoma (now part of the ATCC), the CAKI 1
renal carcinoma (ATCC), and SK-MEL 28 melanoma (ATCC). Non
neoplastic glial cells were derived from biopsies of epileptogenic tissues,
and identified as astrocytes by immunoperoxidase detection of glial
fibrillary acidic protein as previously described (14). Nonneoplastic
fibroblasts were cultured from skin biopsies. Target cells were cultured
in RPMI 1640 medium supplemented with 10% FBS, 1-glutamine (292
mg/ml), penicillin (100 units/ml), and streptomycin (100 Â¿*g/ml),and
were free of mycoplasma or other microbial contamination.

Measurement of Cytotoxic Activity. The method for determination
of human Mo-mediated CTX was a modification of that described in
detail elsewhere (15). Adherent Mo were incubated with or without test
reagents in microtiter plates at a concentration of 100,000 Mo/200 Â¡/I
cRPMI/well. After 20 h. Mo were gently washed with warm (37Â°C)

RPMI 1640 and 10,000 tritiated thymidine-labeled human tumor cells
were added in cRPMI. After an additional 24-72 h, plates were washed,
and residual cells were lysed with 0.1 N NaOH. Aliquots of lysate were
placed in scintillation fluid for determination of radioactivity. Percent
age of reagent-induced CTX was calculated by the following formula:

Cytotoxicity = mean cpm in:
control - test

control
x 100 (A)

Where control equals target cells and monocytes previously incubated
in medium alone, and test equals target cells and monocytes previously
exposed to test reagents. Spontaneous CTX was calculated as above
where control equals target cells in medium alone and test equals target
cells and monocytes previously incubated in medium alone. Adherence
of either target cells (as determined by quantitation of residual radio
activity) or monocytes (as determined by quantitation of nuclei/1.5
mm2) was not affected by CRP treatment of microtiter plate wells (data

from four experiments not shown).
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Measurement of Superoxide AniÃ³n.The microassay for measurement
of Superoxide aniÃ³n has been previously described in detail (13, 16).
Briefly, MNL were plated in Microtest III plates (B-D Labware) to
yield 1 x 10s Mo/well). After 60 min, nonadherent MNC were washed

away and remaining adherent Mo were incubated in 200 /Â¿I/wellcRPMI
with or without CRP or LPS for 24 to 96 h. After incubation, Mo were
gently washed with phenol red-free Hanks' balanced salt solution and
each well received 100 n\ Hanks' balanced salt solution containing 16

nmol ferricytochrome c, with or without 1 nmol PMA as stimulant, or
600 units SOD as inhibitor. Production of SA was detected by measur
ing absorbance of reduced ferricytochrome c at 550 nm in an automated
enzyme immunoassay reader. The reaction was monitored sequentially
every 30 min for up to 3 h. Readings from wells containing SOD were
automatically subtracted from non-SOD-treated wells. Data were ob
tained for both unstimulated and PMA-stimulated Mo after subtracting

base line readings at time 0, and final results were expressed as net
nmol SA, io" Mo obtained by subtracting mean nmol SA in unstimu

lated Mo from nmol SA in PMA-stimulated Mo.

Absorption of Culture Medium with Immobilized CRP. CRP (100 n%/
ml of Tris-buffered saline +10 mM Ca+% pH 7.8) was incubated in
plastic 24-well culture dishes at 1.0 ml/well for 18 h at 4Â°C.Wells were

then washed with the above buffer. Nephelometric quantitation of CRP
solutions removed from wells indicated that each well was coated with
approximately 28 j/g of CRP. No CRP was detectable in buffer washes.
In some experiments, CRP-coated wells were also incubated with 1.0
mM PC + 10 mM Ã‡a" at 25Â°Cfor 60 min. Following additional

washes, 1.0 ml cRPMI was incubated in each well for 60 min at room
temperature. This procedure was repeated and the absorbed cRPMI
was passed through micropore filters and used for tumoricidal assays.

Assay for Natural Killer Cell Activity. NK activity was measured as
described elsewhere (17). K562 myeloid leukemia cells were maintained
in RPMI 1640 medium supplemented with 10% FBS, 15 mM 4-(2-
hydroxyethyl)-l-piperazineethanesulfonic acid buffer, 2 mM 1-gluta-

mine, penicillin (100 units/ml), and streptomycin (100 Â¿ig/ml).Target
cells were labeled with Na2 51CrO4 (New England Nuclear, Boston,

MA) for 1.5 h, then washed three times in RPMI 1640 containing 5%
FBS together with the other supplements noted above. 51Cr-labeled

K562 cells were added to microtiter plates at 10,000/well and human
MNL prepared by Ficoll-Hypaque centrifugaron were then added at

effector/target cell ratios of 3/1 to 50/1. Spontaneous release of label
was determined by plating target cells in medium alone and maximum
release of label was determined by culturing target cells in the presence
of 0.05 N NaOH. The assay was harvested after 4-h incubation at 37Â°C

by means of Skatron device (Sterling, VA) and radioactive content of
cell-free supernatant fluids was determined in a y counter (Beckman,

Fullerton, CA). Results were expressed as percentage of cytolysis by
the following formula:

mean cpm in test - spontaneous release
% cytolysis = -. x 100 (B)

maximum - spontaneous release

NK Antibody Studies. Unfractionated MNL or adherent Mo were
treated with RPMI 1640 with or without 0.3 n%anti-Leu lib (Becton-
Dickinson, Mountain View, CA) (18) per 1 x IO6MNL for 30 min at

room temperature. The antibody was removed and RPMI 1640 medium
with or without 50% fresh rabbit serum (PelFreeze, Rogers, AZ) as a
source of C' was added. After an additional hour of incubation at 37Â°C,

cells were washed and fresh medium was added. Treated and untreated
MNL were used for NK cytotoxicity assays, and for determination of
percentages of Leu 11 positive cells by flow cytometry using a fluores
cence-activated cell sorter (FACS 440; Becton-Dickinson). Surface

marker analysis by flow cytometry indicated a mean reduction of 50%
(n = 3) in percentage of Leu 11 positive MNL after treatment with
anti-Leu 1Ib and C'.

Statistical Analysis. Statistical significance of data was determined
by comparing results of test and control groups in the various assays
by two-tailed Student's i test.

RESULTS

Generation of Tumoricidal Activity. Adherent Mo incubated
in vitro with human CRP in doses ranging from 5 to 100 /tg/
ml developed tumoricidal activity in a dose-dependent fashion
against the al lÃ¼gendehuman astrocytoma line CCF-STTG1
(Fig. 1). Significant (P < 0.05) tumoricidal activity was observed
in monocytes treated with 50 to 100 Â¿ig/mlCRP in assays of
19 out of 24 (79%) normal individuals tested throughout the
course of this study. Monocytes of these 24 donors were also
activated by LPS which was included in assays to represent a
more well-recognized Mo and macrophage activating agent
(15).

To determine if CRP-induced CTX was directed only against
tumor cells, Mo were incubated with an activating dose of CRP
(50 ng/m\) and CTX was evaluated against two nonneoplastic
and three neoplastic human allogeneic cell lines (Fig. 2). No
CTX was observed against nonneoplastic target cells after ex
posure to either LPS or CRP.

Kinetics of CRP-generated Tumoricidal Activity. Tumoricidal
activity was examined in Mo exposed to CRP for 4 to 44 h
before coculture with radiolabeled target cells for 48 h (Fig. 3).
Exposure of Mo to CRP for only 4 h did not result in generation
of CTX, but 20 or 44 h exposure was effective. Similar findings
were seen in Mo exposed to LPS.

When Mo were exposed to CRP for 20 h, and length of
coculture period with target cells was varied from 24 to 72 h,
results again indicated similarities between CRP and LPS (Fig.
4). Tumoricidal activity with either LPS or CRP was highest
after 72 h of coculture.

NK Cell Activity. In order to determine whether the presence
of NK cells within adherent Mo populations contributed to Mo
tumoricidal activity, Mo were treated with anti-Leu lib and
complement before and after exposure to CRP or LPS (Table
1). Results indicated no abrogation or decrease in tumoricidal
activity of treated adherent Mo. Similar treatment of unfrac-
tionated MNL resulted in total abrogation of NK cell cytotox
icity against K562 cells. Untreated MNL displayed 85.7 Â±10.4
(SD%) (n = 3) cytolysis at a 25/1 effector/target cell ratio while
anti-Leu lib and C'-treated MNL showed only 4.3 Â±5.9%

cytolysis.

O 5 25 50 100

MICROGRAMS CRP PER MILLILITER

Fig. 1. Generation of monocyte tumoricidal activity by C-reactive protein.
Individual results of monocyte cytotoxicity assays from six normal donors. Harx.
mean Â±SD. Adherent monocytes were incubated for 20 h with or without purified
human CRP at the doses shown. After 48 h coculture with tritiated thymidine-
labeled human astrocytoma cells (CCF-STTG1), mean percentage cytotoxicity of
CRP-treated monocytes was calculated by comparison with that of untreated
monocytes. Percentage of spontaneous cytotoxicity of untreated monocytes [CRP,
(0 us/ml)] was calculated by comparison with the amount of radiolabel remaining
in tumor cells cultured alone. Mean cpm in tumor cells alone was 5864. Not all
donors were tested with each dose of CRP.
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Fig. 2. Tumor cell-directed cytotoxicity of CRP-activated monocytes. Adher
ent human monocytes of 10 normal donors were incubated for 20 h in control
medium, with purified human C-reactive protein (50 Mg/ml) (CRP), or with S.
typhimurium lipopolysaccharide (5 Mg/ml) (LPS), then washed and cocultured for
48 h with initiated thymidine-labeled target cells indicated. Not all donors were
tested against each target cell. Data represent mean values of percentage of
cytotoxicity (Â±SD)of CRP-treated monocytes. Percentage spontaneous cytotox
icity of monocytes not treated with CRP is indicated as the medium control. Mean
cpm in target cells cultured alone was: SK-MEL-28, 5074; fibroblasts, 678; CCF-
STTG1, 8248; nonneoplastic astrocytes, 2145; and CAKJ-1, 2416.
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Fig. 3. Kinetics of CRP-induced monocyte activation: length of monocyte
incubation with CRP. Adherent human monocytes were incubated for the times
shown in medium with or without purified human CRP (50 Mg/ml) (O) or S.
typhimurium LPS (5 Â¿ig/ml)(â€¢),then washed and cocultured with tritiated
thymidine-labeled human tumor cells for 48 h. Data represent mean percentage
of cytotoxicity values (Â±SD)of CRP or LPS-treated monocytes in three experi
ments.

Superoxide AniÃ³nProduction. Because our previous studies
had indicated that CRP-enhanced Superoxide aniÃ³nproduction
in murine macrophages, we examined human Mo for evidence
of similar activity. Culture of Mo with LPS for up to 4 days
resulted in elevated SA production compared to control Mo
cultured in medium alone (Fig. 5). Significant (P < 0.05)
differences between LPS-treated and control Mo were found
after 3 and 4 days in culture with LPS, while SA production of
CRP-treated and control Mo were significantly (P < 0.05)
different after 2 days in culture with CRP and responses dimin
ished thereafter.

Effect of Phosphorylcholine on Tumoricidal Activity. Because
of the similarities in patterns of tumoricidal activity induced by
CRP and LPS, we sought to determine if we could detect
differences by using PC, a CRP ligand (1), to block CRP
activity. Exposure of Mo to CRP (50 tig/mi) in cRPMI con
taining 1.0 HIMPC (a ratio of 5.5 PC molecules per molecule
CRP) totally inhibited CRP-induction of tumoricidal activity
while 0.5 HIM PC (a ratio of 2.8 PC molecules per molecule
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Fig. 4. Kinetics of CRP-induced monocyte activation: length of monocyte
coculture with target cells. Adherent human monocytes were incubated for 20 h
in medium with or without purified CRP (50 jig/ml) (O) or S. typhimurium LPS
(5 fig/ml) (â€¢),then washed and cocultured with tritiated thymidine-labeled human
tumor cells for the times shown. Data represent mean percentage cytotoxicity
values (Â±SD)of CRP or LPS-treated monocytes in three experiments.

Table 1 Cytotoxic activity of monocytes after treatment with anti-LEU-llb and
C

Radioactivity (cpm)* in residual ad
herent SK-MEL-28 target cells and %

cytotoxicit/

Treatment ofmonocytes0None

CRP
Anti-Leu-1 Ib + C', then CRP
CRP, then anti-Leu- 1Ib + C'

LPS
Anti-Leu-1 Ib + C' then LPS
LPS, then anti-Leu-1 Ib + C'Experiment

19468

Â±886
4397 Â±464 (54)''
3163 Â±114(67)"

ND'
6256 Â±492 (34)''

4149 Â±146 (56f
NDExperiment

28483

Â±522
4419 Â±669 (48)"

ND
4238 Â±727 (SO)"
3297 Â±853 (61)''

ND
4332 Â±232 (49)''

Â°Monocytes were treated with medium or anti-Leu-1 Ib antibody (0.3 jig/lO*
cells) with or without 50% rabbit C'. In experiment 1, medium with or without
CRP (50 fig/ml) or LPS (0.5 jig/ml) was added after antibody + C' treatment.
Following an additional 20 h, monocytes were washed and tritiated thymidine-
labeled target cells were added. In experiment 2, monocytes were treated with
antibody and C' after 20 h incubation with CRP or LPS and before addition of
tritiated thymidine-labeled target cells. Two experiments of each type were done.

* Mean counts per minute Â±SD from four replicate wells of tritiated thymidine-

labeled target cells after 48 h coculture with monocytes.
'Numbers in parentheses, % CTX calculated by comparison to target cells

cocultured with untreated monocytes.
d P < 0.001 by Student's t test.
' ND, not determined.

DAYS IN CULTURE

Fig. 5. Kinetics of monocyte Superoxide aniÃ³n production. Adherent mono
cytes were challenged with 1 nmol phorbol myristate acetate after culture for
times indicated in medium alone (â€¢),CRP (5 fig/ml) (A), or LPS (5 Mg/ml) (O).
Data represent mean nanomoles Superoxide aniÃ³naccumulated at 2 h/106 mon

ocytes (SA) (Â±SD)from three experiments. Monocyte production of SA after
CRP or LPS treatment was compared by Student's t test to SA production in
medium alone. Â»,P<0.05; Â«Â«,/><0.001.

CRP) was not inhibitory in all experiments (Table 2). LPS-
induced Mo tumoricidal activity was completely unaffected by
either concentration of PC.

In subsequent experiments, we attempted to determine
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Table 2 Inhibition ofCRP-induced monocyte tumoricidal activity by phosphorylcholine

Treatment ofmonocytes"CRP

kg/ml)None

50
None
None
50
None
None
50
NoneLPS

Gig/ml)NoneNone

1.0
None
None
1.0
None
None
1.0Phosphorylcholine

(HIM)None

None
None
1.0
1.0
1.0
0.5
0.5
0.5Radioactivity

(cpm)* in residual adherent target cells and per

centage ofcytotoxicityCAKI-1

renalcarcinoma1523

Â±141
1008 Â±122(34)c^
732 Â±156(52)Â°^

1385Â± 168
1252 Â±258 (10)'
778 Â±203 (44)"

1409 Â±318
1385 Â±301 (2f
490 Â±204 (65) "*CCF-STTG1

astrocytoma2852

Â±265
1310 Â±151 (54)"*
1351 Â±173(53)^

2132 Â±247
2509 Â±271 (0)'
1028Â± 170 (52)"

3072 Â±284
1529 Â±247 (50) rf/
1659 Â±205 (46) *

" Adherent Mo were exposed to medium with or without CRP, LPS, or phosphorylcholine (PC) in the concentrations shown for 20 h. Cells were washed and
tritiated thymidine-labeled target cells were added. Two experiments were done.

* Mean counts per minute Â±SD from four replicate wells of tritiated thymidine-labeled target cells after 48 h coculture with Mo.
r Numbers in parentheses, % CTX calculated by comparison with cpm from cocultures of target cells and untreated Mo.
' P < 0.001 by si .Hk-ms / test.
' % CTX of CRP plus 1 mM PC-treated Mo was calculated using as control: cpm from cocultures of target cells and I mM PC-treated Mo.
1' % CTX of CRP plus 0.5 min PC-treated Mo was calculated using as control: cpm from cocultures of target cells and 0.5 mM PC-treated Mo.

Table 3 Inhibition of CRP-induced monocyte tumoricidal activity by preincubation of culture medium with immobilized CRP
Treatment of monocytes"

Treatment of culture medium CRP (Mg/ LPS (jig/ml)

Radioactivity (cpm)* in residual adherent CAK1-I
target cells and percentage of cytotoxicity^

None
None
Immobili/ed CRP
Immobilized CRP bound with phosphorylcholine
None
Immobilized CRPNone

50
SO
50
None
NoneNone

None
None
None
1.0
1.04491

Â±358
3435 Â±340 (24)''

4120 Â±385 (8)
3316 Â±407 (26)''
1743 Â±376 (61)''
1404Â±548(69)'i

" Adherent monocytes (Mo) were exposed to medium with or without CRP or LPS in the concentrations shown for 20 h. Culture medium was untreated or had

previously been incubated at room temperature for 2 h in plastic macrowell dishes coated with either CRP or CRP followed by phosphorylcholine. Two experiments
were done.

" Mean counts per minute Â±SD of four replicate wells of tritiated thymidine-labeled target cells after 48-h coculture with Mo.
' Numbers in parentheses, % CTX calculated by comparison with cpm from cocultures of target cells and untreated Mo.
"P< 0.001 by Student's t test.

whether PC blocked CRP binding to components of cRPMI,
the standard culture medium in which the CTX assay was
performed. CRP was immobilized by absorption to plastic
macrowell plates, and cK I'M I was incubated with immobilized

CRP before assay. Exposure of Mo to CRP in preincubated
cRPMI eliminated tumoricidal activity while Mo exposed to
LPS in similarly treated medium demonstrated significant (P
< 0.001) CTX (Table 3). When cRPMI was incubated with
immobilized CRP that had been previously exposed to 1 mM
PC, Mo tumoricidal activity was again generated by CRP.

DISCUSSION

Our findings demonstrate that purified human CRP induces
tumoricidal activity in human Mo. The specificity of this activ
ity for neoplastic cells and the kinetics of activity induction and
expression are similar to characteristics of CTX induced by
LPS, an established macrophage-activating agent (15). The
total inhibition of CRP effects by a CRP ligand, PC (19)
however, and the lack of PC effect on LPS, clearly indicated a
difference between CRP and LPS activation of Mo. This finding
supports our earlier report indicating that the antibiotic, poly
myxin B (20) did not block all tumoricidal activity generated
by CRP (13). The recent work of Zahedi and Mortensen (21)
examining CRP activation of murine macrophages also con
firms our initial observations.

In addition to observing inhibition of CRP-induced Mo CTX
by PC, we also found that preincubation of culture medium
with immobilized CRP removed the medium's capacity to sup

port CRP activation of Mo CTX, indicating that a CRP-binding
medium component was required. Subsequent experiments
showed that medium exposed to PC-treated, immobilized CRP

readily supported CRP-induced Mo CTX, suggesting that PC
competed with this factor for binding to CRP. The rationale
for examining CRP binding to medium components rather than
to Mo was based on previous work showing that soluble,
uncomplexed CRP was not bound by Mo (6, 7). Further, human
CRP, when aggregated, has been reported to bind serum com
ponents, specifically low density and very low density lipopro-
teins (22, 23). Human CRP has also been found to bind to
abnormal very low density lipoproteins in a PC-inhibitable
manner (24). These reports also suggest that CRP activation of
Mo CTX in our studies may be associated with CRP binding
to a component of human serum present in culture medium.

Our studies indicated that Mo tumoricidal activity generated
in vitro by CRP or LPS did not involve NK cells, a finding
supported by the report of Kleinerman and Herberman (25)
who also found no evidence of NK participation in human Mo
tumoricidal activity assayed by a similar procedure. A relation
ship between NK function and CRP has been described however
by Baum et al., who detected expression of CRP on the surface
membranes of NK cells. Antiserum to CRP inhibited NK
activity, although the addition of soluble or complexed CRP
did not enhance NK responses (26). Our use of antibody to the
human NK marker, Leu lib (18), together with C' clearly

abrogated NK cytotoxicity against K562 cells, but had no effect
on CRP or LPS-induced Mo tumoricidal activity, whether Mo
were treated before or after exposure to activating agents.

The finding that CRP enhanced SA production by Mo con
firmed data from our previous studies of murine macrophages
(13). The kinetics of Mo development of SA responses to LPS
and CRP differed, however. SA responses elevated above con
trols were detected after 2 days with CRP compared to 4 days
with LPS exposure. The kinetics of Mo SA response to LPS
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exposure were similar to those reported with 7-interferon (27),
but the differences between CRP and LPS in our SA assays
cannot be adequately explained without further study. In all
experiments, both CRP and LPS-induced SA responses were
lower than that of freshly tested Mo, suggesting that these
reagents maintained rather than elevated SA production.

The studies presented here indicate that purified human CRP,
in the presence of a serum factor that provides binding specific
ity, enhances human Mo display of tumoricidal activity. CRP
also enhanced Mo production of SA, a finding which empha
sized the activating effect of CRP on Mo and confirmed earlier
studies in murine macrophages. These data suggest that an
important biological role for CRP may be as a modulator of
Mo and macrophage function during inflammatory responses.
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