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Transgenic Monocyte Chemoattractant Protein-1 (MCP-1) in
Pancreatic Islets Produces Monocyte-Rich lnsulitis Without
Diabetes
Abrogation by a Second Transgene Expressing Systemic MCP-1’
lqbal S. Crewal,+ Barbara J.Rutledge,* Joseph A. Fiorillo,* Long Cu,* Ronald P. Gladue,*
Richard A. Flavell,+ and Barrett J.Rollins2*

M

onocyte chemoattractant protein-I (MCP-I)’ is a
member of the chemokine family of proinflammatory
cytokines (1, 2). Many chemokines were first isolated
on the basis of their ability to attract specific leukocyte subtypes in
in vitro chemotaxis assays and are considered as a group because
of their significant amino acid sequence homology. In particular,
nearly all chemokines have four cysteines in highly conserved positions. However, the approximately 25 known chemokines can be
divided into four subgroups based on structural and genetic considerations. In the proteins of one subgroup the two cysteines nearest their amino termini are adjacent, and the subgroup has been
denoted CC to reflect this structural feature. In the other major
subgroup, the two cysteines are separated by a single amino acid,
and the subgroup is denoted CXC. In one chemokine, lymphotactin, a single cysteine occurs in the N-terminal domain, and it has

*Department of Adult Oncology,Dana-Farher Cancer Institute, Harvard Medical
School, Boston, M A 021 15; ‘Howard Hughes Medical Institute and Section of
Immunobiology, Yale University School of Medicine, New Haven, CT 06510;
and *Piker Central Research, Croton, CT 06340
Received forpublicationJanuary
25, 1997

21, 1997.AcceptedforpublicationMarch

The Costs of publication of this artlcle were defrayed in part by the payment of
page charges. This artlcle must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
I This work wassupported
in part by GrantCAS3091fromthe
U.S. Public
Health Service, a Barr Program Small Grant award from theDana-Farber Cancer
Institute, and a Juvenile Diabetes Fellowship (to I.S.G.). I.S.G. was an Associate
of the Howard Hughes Medical Institute. R.A.F. i? an Investigator with the
Howard Hughes Medical Institute. B.1.R. is a Scholar of the Leukemia Society of
America.

Address correspondence and reprint requests to Dr. Barrett J. Rollins, DanaFarber Cancer Institute, 44Binney
St., Boston, M A 02115.E-mail address:
barrett_rollins@dfci.harvard edu

’

Abbreviations used in thls paper: MCP-1, monocyte chemoattractant protein-1;
MMTV-LTR, mouse mammary tumor virus long terminal repeat; RIP, rat insulin
promoter; MCA, monocyte chemoattractant activity.
Copyright 0 1997 by The Americm Assoc-iation of Immunologists

been suggested that this chemokine belongs to a third subfamily,
called C (3);another chemokine, CX,C, has three amino acids
between the first two cysteines (4). Chemokine genes also cluster
along subfamily lines: CC chemokine genes map to 17ql1.2-12,
and CXC chemokine genes to 4q13; lymphotactin and the CX,C
chemokine map elsewhere.
MCP-1 is a CC chemokine that was originally cloned as the J E
gene, a platelet-derived growth factor-inducible gene in 3T3 cells
( 5 , 6). It specifically attracts monocytes and memory T lymphocytes in vitro and stimulates the release of histamine from basophils (7-1 I). MCP-I expression has been documented in a varietyof
human diseases that have inflammatory components,
including atherosclerosis, multiple sclerosis, asthma, and rheumatoid arthritis among many others (12-15). However, a direct role
for MCP-1 in the pathogenesis of these diseases has not yet been
demonstrated. Nonetheless, passive immunization experiments in
a handful of pulmonary and renal inflammatory models in rodents
have clearly shown that MCP-1 can play a part in experimental
inflammation (16, 17).
Defining a role for MCP-I in disease depends on a thorough
understanding of its in vivo properties, about which some fundamental questions remain. Direct injection of MCP-l into rodent
skin has produced conflicting results, from inducing a mild influx
of mononuclear cells ( 1 8) to no detectable infiltrate (19). The ability of MCP-I to attract monocytes in vivo was suggested by experiments in which tumor cells engineered to express MCP-I were
injected into mice and elicited a monocyte-rich inflammatory infiltrate in association with tumor rejection (20, 21).
Transgenic approaches have also produced conflicting results. In
one model, murine MCP-I was expressed in several organs under
the control of the mouse mammary tumor virus long terminal repeat (MMTV-LTR) (22). Despite achieving high levels of expression of biologically active transgenic protein, no monocyte infiltrates were observed in expressing organs. These mice had serum
0022-1 7w/w/$02.00
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Monocyte chemoattractant protein-1 (MCP-1) is a CC chemokine that attracts monocytes andT lymphocytes in vitro; however,
its in vivo functions are poorly understood. To address this question, we constructed transgenic mice expressing MCP-1 controlled by an insulin promoter. These mice developed a chronic insulitic infiltrate composed of F4/8OC monocytes with minor
populations of CD4+, CD8+,and B220+ cells. Despite persistent transgene expression,the insulitis never progressed, andblood
glucose levels remained normal. Thus, MCP-1 alone is sufficient to elicit a monocytic infiltrate, but not to activate elicited cells.
These results differ from those obtained with another transgenic model using the mouse mammary tumor virus long terminal
repeat, in which mice expressed substantial MCP-1 in several organs but had no infiltrates. However, mice expressing both
transgenes had minimal insulitis, indicating that high systemic levels of MCP-1 prevented monocytes from responding to local
MCP-1. Thus, the ability of MCP-1 to elicit monocytic infiltration depends on its being expressed at low levels in an anatomically
restricted area. The Journal of Immunology, 1997, 159: 401-408.
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levels of MCP-1 well above the Kd for the MCP-1 receptor on
blood monocytes, and it was hypothesized that circulating MCP-I
had desensitized its receptor on monocytes, rendering them incapable of responding to locally produced MCP-1. Alternatively,
high levels of MCP- 1 could have physically negated the chemoattractant concentration gradient arising from expressing organs.
Consistent with either idea was the greater susceptibility of these
mice to intracellular pathogens, including Listeria rnonocyfogenes
and Mycobacterium tuberculosis. In contrast, a second transgenic
model put MCP-1 expression under the control of the myelin basic
protein promoter (23). Levels of expression were low and temporally limited. and in contrast to the MMTV-LTR model, these mice
displayed a mild perivascular infiltrate in the brain.
In the current study, we attempted to address the question of the
ability of MCP-I to elicit infiltrates in vivo by using a well-studied
model of transgenically induced inflammation in pancreatic islets
of Langerhans. This model uses the rat insulin promoter, and it has
been employed to express several proinflammatory cytokines with
results that demonstrate the feasibility of using the islet as a model
of cytokine-induced chronic inflammation (24-28). We have constructed transgenic mice expressing MCP-I under the control of
the insulin promoter and have used them to investigate the conditions required for MCP-1 to elicit monocytic infiltration in vivo.

Results

Transgenic mouse construction
Murine MCP-I genomic DNA was modified to remove the first 20 bases of
exon 1, as previously described (22). and cloned downstream from the rat
insulin I1 promoter in the pRIP-SK-K plasmid (27) to generate the plasmid
pRIP-mMCP-I. Purified RIP-mMCP-I DNA was used to make transgenic
mice in a (C57BV6 X C3H)F, background as previously described (29).
Transgenic mice were identified by Southern blotting of DNA extracted
from tail snips using standard techniques (30). Digestion of genomic DNA
with BamHI and probing with a Naei-HpaI fragment of genomic MCP-I
DNA identified an 8000-bp fragment derived from wild-type MCP-1 alleles and a 2300-bp fragment derived from the RIP-MCP-l allele. For
crosses with MMTV-LTR-MCP-I transgenic mice, the MMTV-LTRMCP-I transgene was detected by Southern blotting as a 1700-bp BamHI
fragment using the same probe (22).

Measurement of MCP- I synthesis
Pancreata were placed in 0.3 ml of cold 50 mM Tris-HCI (pH 7.5) and 0.2
mM EDTA and homogenized. Homogenates were clarified by centrifugation at 15,000 X g for 5 min, and protein determinations were made by
Bradford assay. One aliquot of pancreas extract was used for MCP-1
ELISA determinations using hamster anti-mouse MCP-I mAbs (31) for
capture (18241D, PharMingen, San Diego, CA)and detection (hiotinylated
18272D. PharMingen) as previously described (22). (The same ELISA
system was also used to measure serum levels of MCP-I.)
A second aliquot of pancreas extract was serially diluted in Gey’s balanced salt solution with 0.02% BSA and tested for its ability to attract
human monocytes in a 48-well micro-Boyden chamber apparatus as previously described (32). The concentration of monocyte chemoattractant
activity (MCA) in MCA units per milliliter was defined as the inverse of
the dilution demonstrating half-maximal activity (33). Immunoadsorption
of MCP-1 was performed using rabbit anti-mouse MCP-1 (34) as previously described (22, 35).

Immunohistochemistry and assessment of insulitis
Pancreata were either frozen in OCT embedding compound (Miles Laboratories, Ekhark, IN) on dry ice, or fixed in 10% formalin before embedding in paraffin. Paraffin-embedded tissues were sectioned and stained with
hematoxylin-eosin and analyzed by light microscopy for the presence of
insulitis. Frozen sections were analyzed by immunohistochemistry as previously described (27), using biotinylated mAbs directed against F4/80
(Serotec, Oxford, U.K.), CD4 (LifeTechnologies, Grand Island, NY), CD8
(Life Technologies), B220 (Caltag, South San Francisco, CA), NK-1.1
(PharMingen), insulin (BioGenex, San Ramon, CA), and apolyclonal antiglucagon Ab (BioGenex).

Genomic murine MCP-I DNA was cloned downstream from the
rat insulin promoter 11, and the chimeric gene was used to construct
transgenic mice. Progeny were genotyped by Southern blot analysis of DNA extracted from tail snips, and two founder mice (lines
17 and 21) were identified that had distinct transgene insertion
sites and approximately one to five copies of integrated transgene
per genome (see Fig. 5 for a direct comparison of the copy number
of RIP-MCP-I transgenes and MMTV-LTR-MCP- 1 transgenes
which were also present at one to five copies per genome (22)).
These mice were bred with C57BV6 mice, and their progeny were
interbred. Mice that did not inherit the transgene from these
crosses were maintained and interbred to provide a population of
nontransgenic control mice with the same strain background as the
transgenic mice.
Expression of transgenic MCP- 1

To document transgene expression, pancreata were isolated, and
protein extracts were prepared as described in Materials and Methods. Immunoblot analysis of whole pancreas extracts and immune
precipitation of material secreted from islet preparations in vitro
did not detect transgenic MCP-I protein. However, as shown in
Figure lA, extracts from transgenic pancreata had more MCA than
extracts from nontransgenic tissue. Normalized for total protein
content, the transgenic pancreas had 15.7 MCA units/mg total protein compared with the wild-type pancreas’s 0.02 MCA units/mg
protein. Taking the specific activity of murine MCP-I as approximately lo6 MCA units/mg (19), the transgenic pancreas had 15.7
ng MCP-l/mg total protein. Furthermore, Figure 1B shows that
this activity was specific for MCP-I, since about 90% could be
adsorbed with anti-MCP-1 Abs.
Transgenic MCP-I production was also quantified by ELISA
using hamster anti-mouse MCP-I mAbs (Table I). When normalized for total protein content in the extract, pancreata of transgenic
mice from both lines expressed 6- to 10-fold more MCP-1 than
those of nontransgenic mice from the same lines. Levels of transgenic MCP-I expression determined by ELISA were similar to
those inferred from bioactivity. For unknown reasons, however,
basal MCP-I levels in nontransgenic pancreata were somewhat
higher in ELISA than they were in bioassays. Expression of transgenic MCP-I was detected as early as 13 days after birth (the first
time point measured) and continued unabated for at least 12 mo.
RIP-MCP-I mice had undetectable serum levels of MCP-I by
ELISA.
Inflammatory phenotype of RIP-MCP- 1 mice

All mice bearing the RIP-MCP-1 transgene developed insulitis in
the majority of their islets. The infiltration was often in a bull’s eye
pattern, with inflammatory cells in the center of the islet and
around its periphery (Fig. 2, B-D). In other cases, there was no
specific infiltrative pattern, but a dispersed cellular collection (Fig.
2E). In general, however, islet architecture remained intact. The
infiltrates were detected by 13 days of age (mice were not examined earlier) and did not increase in seventy throughout a transgenic mouse’s life span.
Infiltrates were comprised of a monotonous collection of cells
with the morphologic appearance of monocytes. Occasional apoptotic figures were present, but whether they derived from pancreatic cells or infiltrative cells could not be determined. Immunohistochemical analysis (Fig. 3) showed that most of the infiltrate
stained with F4/80, a monocytelmacrophage-specific surface
marker. In addition, however, there were small populations of
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Table I. MCP-7 expression in transgenic and nontransgenic
pancreata determined by ELISA"
Transgenic
Line
{ng
MCP-l/rng
Protein)

17
21

11.79 C 1.34 (10)'
15.70 C 1.70 (4)

Nontransgenic
(ng MCP-limg Protein)

Pb

1.77 2 0.50 (7)
1.43 C 0.26 (3)

50.005
50.025

Extracts of pancreata from transgenic mice or nontransgenic mice of identical background weretested by ELSA for murine MCP-1 content as described in
Materials andMethods.All mice were at least 50 days old. Values are nanograms
of MCP-1 per milligram of total pancreas extract protein,
Student's f test.
Values are means i SE. Numbers in parentheses are the numbers of mice
analyzed.

''

CD4+, CD8+, and B220+ cells. Infiltrating cells in the islets did
not stain with NK-I .1, while control cells in spleen sections on the
same slides showed positive NK-1.1 staining (data not shown).
Despite the presence of a significant and persistent insulitis,
mice remained nondiabetic. Blood sugars never rose significantly
above those of nontransgenic littermates, and except for areas obscured by inflammatory cells, transgenic islets displayed nearly
normal immunohistochemical staining for insulin and glucagon
(Fig. 4). An attempt was made to activate infiltrating monocytes by
administering a single dose of 100 p g of LPS i.p. However, this
manipulation did not produce hyperglycemia when serum glucose
was measured 72 h later, nor did it alter the morphologic appearance of the islets or their infiltrates.
Modulation of the inflammatory phenotype b y an
MMTV-MCP-7 transgene

We had reported earlier that transgenic mice expressing MCP-1
under the control of the MMTV-LTR displayed no monocytic infiltration in organs that expressed the transgene (22). The explanation was that high serum levels of MCP-1 rendered circulating
monocytes incapable of responding to locally produced MCP-I.
We tested this hypothesis by mating RIP-MCP-I mice with
MMTV-LTR-MCP-I mice, predicting that the local effectsof
MCP-I from the RIP promoter would be masked by the high levels
of serum MCP-1 derived from the MMTV-LTR.

F1 mice were analyzed from the mating of one of the RIPMCP-1 lines (line 17) to the Tg24 line of MMTV-LTR mice,
which are homozygous (22). Since the MMTV-LTR mice are in an
FVB background, the progeny from this cross were compared with
progeny from a mating of the same RIP-MCP-I line to a wild-type
FVB mouse. The two transgene alleles were easily distinguished in
a single Southern blot analysis (Fig. 5). In both cases, mice that
inherited the RIP-MCP-1 transgene expressed 20 ng MCP-l/mg of
pancreas extract as determined by ELISA. However, while the
RIP-MCP-1 X FVB mice carrying the RIP-MCP-1 transgene
showed the typical monocytic insulitis shown in Figure 2, the RIPMCP-1 X MMTV-LTR-MCP-I mice carrying both transgenes
showed little if any infiltrate (Fig. 6). Similar results were observed
in five mice carrying both transgenes.

Discussion
By expressing murine MCP-I under the control of the rat insulin
promoter, we have demonstrated that MCP-I by itself induces leukocyte infiltration in vivo. The infiltrate was comprised almost
entirely of F4/80-positive mononuclear cells with the morphologic
appearance of blood monocytes rather than activated macrophages.
In addition, CD4+ andCD8' T lymphocytes as well as B220+
cells made up a smaller proportion of the infiltrate. The B220'
cells are likely to be B lymphocytes rather than NK cells, since
they did not stain with NK-I . l .
Our results are somewhat similar to those of Fuentes et al., who
expressed MCP-1 in the brain under the control of the myelin basic
protein promoter (23). They also observed an F4/80+ mononuclear
cell infiltrate in perivascular and meningeal regions coincident
with transgene expression. However, the results in the current
study differ from theirs in a few respects. First, the islet infiltrates
are much more intense than those in the brain. While neither we
nor Fuentes et al. quantified infiltrating cells, a direct comparison
of histologic patterns shows more leukocytes per parenchymal nucleus in the islets than in the brain. Whether this reflects differences in the local tissue environment, e.g., expression of adhesion
molecules or matrix proteases, is unknown. Also unknown is
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FIGURE 1. Biologic activity of transgenic MCP-1. A, Pancreas extracts from a transgenic mouse) . ( and a nontransgenic littermate control (0)
were serially diluted and tested for their ability to attract human monocytes in vitro as described in Materials and Methods. Cells were counted
in five high power fields (hpf) in duplicate Boyden chamber wells. Error bars indicate the SD of the mean of cell counts from duplicate wells. This
experiment is representative of three performed. 6, Pancreas extract from the transgenic mouse analyzed in A was processed by passing over a
column of preimmunerabbitserumimmobilized
onproteinA-Sepharose
(Pre-immune)or a column of rabbit anti-mouse MCP-1similarly
immobilized (anti-MCP-1).Serial dilutions of the effluent were testedfor MCA as described in A. The inverse of the dilution producing halfto concentration of MCA
maximal activity provided the concentration of MCA (MCA units per milliliter). Concentrations were then normalized the
in untreated material. Error bars indicate the SD of duplicate measurements.

MONOCYTIC INSULITIS IN RIP-MCP-1 TRANSGENIC MICE

404

"

.

-

c

c

F

whether this difference is due to varying levels of transgene expression, since Fuentes et al. did not quantify the product of the
MBP-MCP- 1 transgene.
A second difference is the clear presence of T lymphocytes in
the islet infiltrates. Fuentes et al. detected no CD4+ or CD8+ cells
either in the brains of MBP-MCP-1 mice or in the thymi of lck
promoter-driven MCP-1 transgenic mice (23). Again, whether this
is due to differences in microenvironment or levels of transgene
expression cannot presently be determined. However, it is notable
that despite MCP-1 being a potent chemoattractant for T lymphocytes invitro, none of these MCP- 1 transgenic models produced an
intense lymphocytic infiltrate in expressing organs. While it is possible that MCP-1 is not a very potent T cell chemoattractant in
vivo, a more likely explanation for the relative absence of T cells
is that the expression of CCR2, an MCP- 1 receptor, is up-regulated
by activation, which may not occur in these systems (36). Alternatively, T cells may have greater difficulty entering tissue spaces
than monocytes, perhaps due to the absence of appropriate adhesion molecules in the models examined to date.
Finally, the presence of B lymphocytes in MCP-I-induced insulitis is surprising and was not seen by Fuentes et al. MCP-1 has
no reported effects on B lymphocyte chemotaxis in vitro, and
CCR2 has not been found to be expressed by B cells. Thus, either
B cells have an as yet undescribed receptor for murine MCP-1, or

MCP- 1 expression in the islet secondarily induces a B lymphocyte
chemoattractant. Although B220 is expressed by NK cells, which
also express CCR2, there were no detectable NK cells in the infiltrates. As with T lymphocytes, high levels of CCR2 expression
may require NK cell activation. We did not examine infiltrates for
the presence of dendritic cells, which also express CCR2.
This is now the fifth transgenic model of MCP-1 expression to
be reported. The lck-MCP-1 and MBP-MCP-1 models (described
above) showed a mild mononuclear cell infiltration, as did a third
model in which MCP-I expression was controlled by the K14
keratin promoter (37). The latter mice demonstrated an increased
number of Langerhans-like cells in their skin and responded to
contact hypersensitivity challenges with an exaggerated accumulation of monocytes and T lymphocytes. These models along with
the RIP-MCP-1 model reported herein, which produced the most
intense inflammatory picture reported to date, clearly demonstrate
that MCP-1 is capable of inducing predominantly monocytic infiltration in vivo.
Another transgenic model, also reported from one of our laboratories, expressed MCP-1 at high levels in several organs under
the control of the MMTV-LTR (22). Despite expression of biologically active transgenic MCP- 1, no organs had infiltrates. These
mice had high serum levels of MCP-1 (-20 ng/ml), and it was
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FIGURE 2. RIP-MCP-I-induced
insulitis.
The
indicated mice were killed, and their pancreata
werefixed in formalin,sectioned,andstained
with hematoxylinandeosin.
A, Nontransgenic
mouse, aged 252 days (X400). B, Transgenic littermate of the mousein A, aged 252 days(X400).
C, Transgenic mouse, aged 345 days (X400). 0,
Transgenicmouse,aged
136 days (X400). E,
Transgenic mouse, aged 52 days (X400). (Other
islets in this 52day-old mouse appeared similar
to those in B-D.) F, Transgenic mouse, aged 136
days (XBOO).
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FIGURE 3. Immunohistochemical analysis of MCP-1-induced insulitis. Islets from atransgenicmouse,aged143days,stainedfor:
; B220 (X220); E, F4/80 (X400); and F, F4/80 (a different islet from E; X400).
(X200); 6,CD4 (X200); C, CD8 ( ~ 2 0 0 )0,

A, F4/80

FIGURE 4. Islets from anontransgenicmouse
(top), aged 143 days, stained for insulin (left) and
glucagon (right),and islets from a transgenic mouse
(bottom), aged 162 days, stained for
insulin (left)
and glucagon (right) are shown.

hypothesized that this either physically disrupted the chemoattractant gradient of MCP-I emanating from expressing organs or desensitized circulating monocytes, preventing them from responding to local MCP- 1. Confirmation of that hypothesis was obtained
in the current study by mating RIP-MCP-I mice (which have no
detectable circulating MCP-I) to MMTV-MCP-I mice and observing a substantial amelioration of insulitis in mice expressing
both transgenes. Thus, leukocyte infiltration in response to che-

mokines such as MCP-I requires expression at low levels in anatomically restricted areas. That our results may be generalized to
other chemokines is suggested by the fact that systemically administered IL-8 similarly blunts the chemoattractant activity of
locally delivered IL-8 (38). The levels of MCP-I in the serum of
MMTV-MCP-I transgenic mice are similar to those in patients
with septic shock or in human volunteers given endotoxin, but
much higher than levels in patients with glomerulonephritis

Downloaded from http://www.jimmunol.org/ by guest on September 7, 2017

E

D

C

MONOCYTIC INSULITIS IN RIP-MCP-1 TRANSGENIC MICE

406

(RIP-MCP-1
FIGURE 5. Southern blot analysis of transgenic
mice. RIP-MCP-1mice were bred either to homozygousMMTV-LTR-MCP-1transgenic
mice (which
are in anFVB background) or to wild-type FVB
mice. DNA was extracted from tail snips of progeny, andBamHI-digested material was examined
by Southern blotting using a murine MCP-1 probe.
The sizes of fragments derived from the wild-type,
RIP-MCP-1, and MMTV-LTR-MCP-1
alleles
are
indicated.

X

RIP-MCP-1MMTV-MCP-1-

(39-43). High levels of circulating MCP-1 in septic patients might
contribute to their generalized immunodeficiency by a mechanism
similar to that observed in our transgenic models.
It is interesting to note that RIP-MCP-1 mice were not diabetic. A similar absenceof autoimmune reactivity was observed
in mice expressing TNF-a or TNF-P in their islets despite the
presence of an intense lymphocyte-rich infiltrate (26, 27, 44).
The TNF-recruited lymphocytes could, however, be activated
when B7-1 was also expressed on islet cells, suggesting that
of this autoimmune model
costimulation is anecessarypart
(45). In the MCP-1-expressing model, elicited monocytes might

be capable of costimulation through their own B7-1 if it were
expressed at sufficiently high levels, but in this case the infiltrate is nearly devoid of lymphocytes. Thus, one might predict
that a combination of TNF expression to recruit lymphocytes
and MCP-1 to recruit monocytes would produce diabetes. Alternatively, since TNF-a expression in islets of nonobese diabetic (NOD) mice prevents diabetes and reduces the autoreactivity of splenic lymphocytes, TNF-amay induce anergy in the
lymphocytes it so efficiently recruits to the islets (46). Again,
expression of B7-1 by MCP-1-elicited monocytesmay overcome this effect.
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FIGURE 6. lnsulitis in (RIP-MCP-1 X MMTVLTR-MCP-l)F, mice. Two progeny from a cross of
RIP-MCP-1 X FVB mice (left) and RIP-MCP-1 X
MMTV-LTR-MCP-1 inheriting both transgenes
(right) were analyzed for the presence of insulitis
as described in Figure 2. Similar resultswere
noted in three additional RIP-MCP-1 X MMTVLTR-MCP-1mice. Magnification, X400.
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The infiltrates produced in RIP-MCP-1 mice and in several of
the models mentioned above indicate that some, but not all, of
the in vitro properties of MCP-1 predict its in vivo behavior.
For example, althoughthe monocyte chemoattractant properties
of MCP-1 in vitro are recapitulated in the islets, there are reports of equipotent T lymphocyte chemoattractant activity that
was not apparent here, perhapsfor the reasons cited above (1 1).
In addition, MCP-I has been reported to stimulate a respiratory
burst in monocytes in vitro (47), which might be taken as surrogate evidence of monocyte activation, but apparently this did
not occur in vivo. Thus, the functionof MCP-I in inflammation
may be to attract monocytes, but additional signals are necessary to activate them.
Nonetheless, monocytes must first be attracted to a tissue site
before they can be activated there, and this suggests that MCP-I
and/or its receptor may be a reasonable therapeutic target in diseases characterized by monocyte-rich infiltration and MCP- 1
expression. Furthermore, despite continual MCP-I expression
throughout the life span of transgenic mice, infiltrates became no
more intense than they were in the first few weeks of life. This may
suggest the presence of a homeostatic mechanism that dampens the
effects of MCP- 1 either by blocking the influx of more monocytes
or by inducing the departure or apoptosis of resident monocytes to
match the numbers of incoming cells. Understanding this counterregulatory mechanism may provide new methods of interfering
with monocyte infiltration in disease.
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