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Rationale: Tissue injury and repair involve highly conserved pro-
cesses governed by mechanisms that can be co-opted in tumors. We
hypothesized that soluble factors released during the repair re-
sponse to lung injury would promote orthotopic tumor growth.
Objectives: To determine whether lung injury promoted growth of
orthotopic lung tumors and to study the molecular mechanisms.
Methods: We initiated lung injury in C57Bl6 mice using different
stimuli, then injected Lewis lung carcinoma cells during the repair
phase. We assessed tumorgrowth 14 days later. We measured tumor
angiogenesis, cytokine expression, proliferation, and apoptosis.
Measurements andMain Results: Regardlessof themechanism, injured
lungs contained more numerous and larger tumors than sham-
injured lungs. Tumors from injured lungs were no more vascular,
but had higher levels of proliferation and reduced rates of apoptosis.
The cytokine macrophage migration inhibitory factor (MIF) was
highly expressed in both models of tissue injury. We observed no
increase in tumor growth after lung injury in MIF knockout mice. We
induced lung-specific overexpression of MIF in a double-transgenic
mouse, and observed that MIF overexpression by itself was sufficient
to accelerate the growth of orthotopic Lewis lung carcinoma tumors.
Conclusions: Lung injury leads to increased expression of the cytokine
MIF, which results in protection from apoptosis and increased pro-
liferation in orthotopic tumors injected after the acute phase of
injury.
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Dvorak characterized cancer using the paradigm that tumors
are wounds that do not stop ‘‘healing’’ (1). This implies that
tumors and tissue undergoing repair share common molecular
pathways and mediators. The lung’s response to injury includes
a series of well-orchestrated events at the cellular and tissue
level that lead to restoration of tissue homeostasis. Many of
these processes are also common to the pathogenesis of tumor
growth. Based on these commonalities, one would expect that
the lung’s response to injury could promote the growth of lung
tumors. Although smoking remains the most identifiable risk
factor for lung cancer, smokers who also develop chronic ob-

structive pulmonary disease (COPD), a disease characterized
by abnormal lung inflammation (2–4), are fourfold more likely
to develop lung cancer than smokers who do not develop
COPD (5, 6). Even more striking, idiopathic pulmonary fibrosis,
a condition characterized by evidence of persistent lung injury
and disordered repair, confers a 14-fold increased risk of lung
cancer in nonsmokers (7, 8). Lung cancer is a common cause of
death in patients with idiopathic pulmonary fibrosis, indepen-
dent of the risk associated with smoking (8, 9).

In this study we hypothesize that the microenvironment
and the repair processes associated with lung injury result in
accelerated growth of lung tumors. To test this hypothesis, we
used models of lung epithelial injury using intratracheal admin-
istration of bleomycin, or systemic administration of naphtha-
lene. After inducing injury, and in the midst of repair, we
injected Lewis Lung carcinoma (LLC) cells, and removed the
lungs 2 weeks later to enumerate the number of orthotopic
tumors. We found that LLC cells formed tumors that were
larger and more numerous in lungs recovering from injury
compared with sham-injured lungs. The increased growth of
LLC tumors was associated with increased rates of proliferation
(Ki67), and reduced evidence of apoptosis (cleaved caspase 3,
CC3) within the tumors. We found that the cytokine macro-
phage migration inhibitory factor (MIF) was expressed in the
lung during the response to both bleomycin and naphthalene.
Based on studies showing that that MIF is highly expressed in
tissue repair (10–13) and in tumor growth (14–19) and inhibits
apoptosis (20, 21), we hypothesized that MIF expression in
response to tissue injury could in part account for accelerated
tumor growth. We found that MIF was able to promote
proliferation of LLC cells in vitro. We subjected MIF knockout
and wild-type mice to lung injury, followed by injection of lung
cancer cells. The increase in tumor growth after lung injury was
completely abrogated in MIF knockout mice, whereas lung-
directed transgenic overexpression of MIF was sufficient to
promote tumor growth in this model. We conclude that the
repair response in mice after different types of lung injury
promotes tumor growth in part by increasing the local expres-
sion of the pro-tumor cytokine MIF.

AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Patients with chronic airway injury and repair, such as chronic
obstructive pulmonary disease and idiopathic pulmonary
fibrosis, appear to have an increased risk of lung cancer.

What This Study Adds to the Field

This study demonstrates the role of macrophage migration
inhibitory factor, expressed in response to tissue injury, in
promoting tumor growth.
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METHODS

Cell Lines and Reagents

The LLC cell line was maintained in Dulbecco’s modified Eagle medium
supplemented with 100 U/ml penicillin, 100 mg/ml streptomycin, 1% L-
glutamine, and 2.5% N-2-hydroxyethylpiperazine-N9-ethane sulfonic
acid buffer. ISO-1 was obtained from Dr. Yousef Al Abed (North
Shore Hospital, Long Island, NY). Anti-CD74 monoclonal antibody was
purchased from Abcam (Cambridge, MA) and anti-CXCR2 antibody
was purchased from R&D Systems (Minneapolis, MN).

Animals

All animal studies were reviewed and approved by the University of
Michigan Committee for the Use and Care of Animals. C57Bl6 mice were
purchased from Jackson Laboratory (Bar Harbor, ME) and housed in
a specific pathogen-free environment. MIF knockout mice (C57Bl6) were
the kind gift of Dr. John David, and were maintained in a colony in
a specific pathogen-free animal housing facility. For bleomycin experiments,
mice were anesthetized with pentobarbital, and the trachea was exposed
through a small incision on the anterior neck. Bleomycin (0.025 U in 50 ml
saline), or saline control, were instilled into the trachea as previously
described (22). For naphthalene experiments, mice received 200 mg/kg
naphthalene or vehicle (corn oil) control intraperitoneally as described by
Stripp and colleagues (23). Two weeks after initiation of injury, we injected
5 3 104 LLC cells suspended in 50 ml serum-free media via the intratracheal
route. Two weeks later (28 d after lung injury) mice were killed, lungs were
removed, and tumors were processed as previously described (24).

Generation of tetO-MIF Mice

The murine MIF cDNA was cloned from LLC cells using the primers (59-
TCT-AGA-CAT-GCC-TAT-GTT-CAT-CGT-G-39) and (59-GGG-CCC-
AGG-ACT-CAA-GCG-AAG-GTG-39). The cDNA was purified from
the gel using Qiagen (Valencia, CA) kits and cloned into the PTarget
(Promega, Madison, WI) vector. After confirming the sequence, the MIF
cDNA was excised using the XbaI and ApaI sites nested in the primers,
purified as before, and cloned in the tetO expression cassette. This
expression cassette consisted of seven tetO repeats, a cytomegalovirus
minimal promoter, and a bovine growth hormone polyadenylation sequence
(a gift from Dr. J. Whitsett and Dr. J. Tischelaar, Cincinnati, OH). The
resultant expression cassette was then excised from its plasmid backbone
using the Asc I restriction enzyme and purified. Purified plasmid DNA from
the pTet-MIF construct was microinjected into fertilized eggs obtained by
mating (C57BL/6 3 SJL) F1 or C57BL/6 female mice with (C57BL/6 3

SJL) F1 male mice. Pronuclear microinjection was performed as described
(25). The microinjected eggs were implanted in pseudopregnant mothers.
Three founders possessing the transgenic construct were identified by
polymerase chain reaction (PCR) of tail preps using the primers (sense 59-
CTC-CGT-GCC-AGA-GGG-GTT-TCT-GTC-GGA-GCT-CAC-39

and antisense 59-CGG-GGG-AGG-GGC-AAA-CAA-CAG-ATG-
GCT-GGC-39) and then bred with 6- to 8-week-old C57Bl/6 partners.
The transgenic offspring (F1) from this cross were then bred with
a second transgenic line containing the 2.3-kb rat Clara-cell secretory
protein (CCSP) promoter, the 1.0-kb rtTA coding sequence, and a 2.0-kb
fragment from the human growth hormone containing introns and
a polyadenylation sequence (a gift from Dr. J. Whitsett and Dr. J
Tischelaar). CCSP-rtTA mice were identified with PCR of tail preps
using the primers (sense) 59-ACT-GCC-CAT-TGC-CCA-AAC-AC-39

and (antisense) 59-AAA-ATC-TTG-CCA-GCT-TTC-CCC-39. Litter-
mates with either no or only a single transgenic construct were used as
experimental control subjects. Overexpression of mRNA and protein in
response to doxycycline administration in the drinking water was
confirmed using Western blot on whole lung lysates, and quantitative
real-time reverse transcription–PCR (see online supplement). SP-C–
driven MIF was leaky in the absence of doxycycline, and CCSP–driven
expression of MIF was used for the experiments described herein. The
primer pair used to identify the presence of the CCSP-rtTA con-
struct in tail samples are as follows: upper primer 59-ACT-GCC-CAT-
TGC-CCA-AAC-AC-39, lower primer 59-AAA-ATC-TTG-CCA-
GCT-TTC-CCC-39; product size 525 bp (see Figures E1–E5 in the
online supplement).

Immunohistochemistry

We stained 5-mm–thick sections of paraffin-embedded lungs as de-
scribed (24, 26) for the indicated markers. One exception is for staining
vessels with factor VIII–related antigen (DAKO, Carpenteria, CA), for
which we use 8-mm–thick sections. Antibodies used for immunohisto-
chemistry were factor VIII–related antigen (DAKO), CC3 (cleaved
caspase-3; Cell Signaling Technology, Inc., Danvers, MA), Ki67
(Abcam), with secondary antibodies from Vector (VectaStain Elite
ABC kits; Burlingame, CA). Antigen retrieval was performed with
citrate microwave bath (CD31) or with trypsin (0.1% for 30 min at
378C, CC3, and Ki67). Each slide had two contiguous tissue slices, one
of which was stained with control primary antibody. Results for
immunohistochemistry were expressed as cells or vessels per high-
power field (4003) for apoptosis (CC3) and vessel density, or percent
of cells positive (out of 200 counted for Ki67 labeling). For each
experimental group, all tumors from a minimum of five animals per
group were stained and quantified to determine vessel density as
described (18), proliferative index (% of Ki67-positive cells in 200
cells), or the rate of apoptosis (CC3-positive cells per 2003 field).

Cell Proliferation

Cells were plated in triplicate wells of a 6-well dish at 5 3 104 cells/ml
in Dulbecco’s modified Eagle medium supplemented with antibiotics,
and 10% fetal calf serum. MIF (20 ng/ml) was added with the indicated
inhibitors (ISO-1, anti-CD74, or anti-CXCR2, or IgG) to a total of 1-ml
serum-free medium after overnight adherence. After an additional 48
hours, cells were harvested by trypsin and counted in a hemacytometer.
All experiments were repeated at least two times, and in each
experiment, conditions were run in triplicate. Results were expressed
in cells/ml. For time course and dose–response experiments, cells were
plated at 2.5 3 103 cells/well in 96-well plates with MIF added in the
indicated concentration (Figure E8). After 48 hours, cell proliferation
was assessed by MTT assay (Promega, Madison, WI).

Statistical Analysis

Means were compared with Student t test for two experimental groups,
or with analysis of variance when comparing with more than two
experimental groups. Results were expressed as mean 6 SEM. All
statistical analysis was performed with GraphPad Prism 3.0 statistical
software.

RESULTS

The response to lung injury increases tumor growth. To de-
termine the effect of a wound repair response on tumor growth,
we selected two models of lung injury: intratracheal bleomycin
and systemic naphthalene. We chose these models because they
are widely used and have an extensively characterized stereo-
typical response in which injury, inflammation, and repair
follow a predictable course. We gave intratracheal bleomycin
(low dose, 0.025 U) or saline (as a control) to C57Bl6 mice. In
a second model, we gave 200 mg/kg naphthalene or vehicle
(corn oil) via the intraperitoneal route. At Day 14 after injury
we delivered 5 3 104 LLC cells to the lung, choosing this as
a time point at which maximal inflammation is resolved (23, 27,
28). Fourteen days after intratracheal delivery of LLC cells, we
killed the mice and removed the lungs to enumerate surface
tumors. Tumors from bleomycin-treated mice were more nu-
merous and larger than tumors from control (saline-exposed)
mice (Figures 1A and 2). Similar increases in tumor size and
number were seen in mice recovering from naphthalene-induced
lung injury (Figures 1B and 2).

We hypothesized initially that the increase in tumor growth
was due to an increased angiogenic response in the context of an
injured lung. We stained the resulting lung tumors for vessels
with factor VIII–related antigen as previously described (29) to
determined the vessel density, but contrary to our expectations,
these tumors were poorly vascularized and there were no
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differences between tumors from mice undergoing lung repair
as compared with tumors from sham-injured mice (data not
shown). To further investigate the mechanism by which lung
repair resulted in greater tumor growth, we measured the level
of proliferation and apoptosis in tumors using Ki67 (% Ki67-
positive cells) and CC3 (positive cells per 4003 power field),

respectively. Tumors from lungs undergoing repair displayed
greater Ki67 labeling and lower rates of apoptosis as compared
with tumors from sham-injured mice (Figure 3).

These data demonstrate that tumor cells in a lung micro-
environment undergoing repair enjoy a growth advantage
characterized by enhanced proliferation and protection from
apoptosis. We have previously shown that levels of the
cytokine MIF is present in lung cancer (18, 30), as is its
receptor (31). MIF expression is associated with tissue repair
(10, 32–34), cell proliferation (35), and protection from
apoptotic stimuli (21, 36–38), as well as increased angiogenesis
(17, 30, 39, 40). Collectively, these properties suggest the
potential of MIF involvement in several cancer-related path-
ways, particularly in the context of tissue repair. We therefore
measured the expression of MIF in the lungs of mice subjected
to bleomycin- or naphthalene-induced lung injury. We found
that MIF mRNA expression in response to lung injury peaked
3 days after bleomycin injury and remained elevated above the
levels of saline-treated mice up to 21 days after bleomycin
(Figures 4A and E7). Immunohistochemistry showed MIF
expression associated with bronchial, alveolar, and endothelial
lining cells, whereas baseline MIF stain of uninjured lung
shows MIF mostly in alveolar macrophages (Figures E3 and
E7). MIF expression after naphthalene similarly increased to
a peak at 14 days, and remained above baseline at Day 21
(Figure 4B). Although MIF is known to inhibit apoptosis (20,
21, 41), we assessed in vitro proliferation of LLC cells in the
presence of MIF, with or without inhibitors of MIF. We found
that MIF promoted cell proliferation in vitro, and that this was
inhibited in the presence of a pharmacologic inhibitor of MIF
(ISO-1), and antibody to the putative MIF receptor (CD74),
but not to CXCR2 (which some have postulated as a MIF
receptor [42]) (Figures 5 and E8).

To determine whether MIF expression promoted increased
tumor growth after tissue injury, we next examined the effect of
lung injury and repair in MIF knockout (C57Bl6 background)
and control mice. We initialed lung injury (or sham injury) with

Figure 1. Visible tumors are increased in the lungs of mice undergoing

repair after (A) bleomycin (bleo)- or (B) naphthalene-induced lung

injury as compared with control (sham) injury. P , 0.04 for both

models. Each bar represents the mean 6 SEM of six to eight mice per
experimental group. Each experiment was repeated two times.

Figure 2. Gross appearance of excised lungs at Day 28, showing increased tumor numbers in lungs undergoing repair from (A, B) bleomycin, or (C,
D) naphthalene, as compared with sham (E, F, saline; G, H, corn oil)-injured lungs.
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either bleomycin or naphthalene in MIF knockout or wild-type
C57Bl6 mice, and then delivered LLC cells to the lungs intra-
tracheally on Day 14. On Day 28 (14 d after LLC injection)
there were significantly more tumors present in the lungs of
lung-injured wild-type mice, compared with sham-injured wild-
type mice. In MIF knockout mice, however, lung injury failed to
promote tumor growth (Figures 6A and 6B). Additionally,
neither protection from apoptosis nor increased proliferation

was observed in tumors from MIF knockout mice after lung
injury (Figures 7 and 8).

The above data suggest that host-derived MIF expression in
response to lung injury was necessary to support the subsequent
increased tumor growth. To determine if MIF expression was,
by itself, sufficient to result in the acceleration of tumor growth
of injected LLC cells, we used a double-transgenic mouse, in
which MIF is expressed in a lung-specific, inducible manner. We
administered doxycycline to double-transgenic mice bearing
both the reverse tetracycline transactivator-VP16 transgene
under the control of the CCSP promoter (CCSP-rtTA) and
the MIF cDNA controlled by the tet-operator (tetO-MIF).
Control groups included both double-transgenic mice without
doxycycline and single-transgenic littermate mice treated with
and without doxycycline. After 2 weeks the doxycycline was

Figure 3. Quantitative assessment of (A, B) the percentage of pro-

liferating cells, or (C, D) the number of apoptotic cells per high-power
field in tumors from mice recovering from lung injury or control. (A)

P 5 0.04, (B) P 5 0.05, (C ) P 5 0.02, and (D) P 5 0.03. Each bar

represents the analysis of tumors from the lungs of at least five mice per
group. Bleo 5 bleomycin; naphth 5 naphthalene.

Figure 4. Expression of macrophage migration inhibitory factor (MIF)

after lung injury with (A) bleomycin, or (B) naphthalene using real-time

semi-quantitative reverse transcription–polymerase chain reaction.
Each bar represents three mice per time point.

Figure 5. Macrophage migration inhibitory factor (MIF; 20 ng/ml)
promotes proliferation of Lewis lung carcinoma cells (**P 5 0.02)

relative to control. The proliferative response to MIF is inhibited in the

presence of ISO-1 (pharmacologic MIF inhibitor), or antibody to the

MIF cell surface receptor (CD74), but not CXCR2 or control IgG.

Figure 6. Increased tumor growth during the response to (A) bleo-

mycin or (B) naphthalene lung injury requires the presence of host-

derived macrophage migration inhibitory factor (MIF). (MIF2/2 are MIF

knockout mice.) Each bar represents mean 6 SEM of seven or eight
mice per experimental group.
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discontinued to mimic the pattern of expression seen after
injury, and LLC cells were delivered to the lungs. Two weeks
after injection of LLC cells, mice were killed and we enumer-
ated lung tumors after removing the lungs. The overexpression
of MIF was, by itself, sufficient to support increased growth of
lung tumors even in uninjured lungs (Figure 9; P 5 0.036 by
analysis of variance) as well as to support increased prolifera-
tion and protection from apoptosis (Figure 10). MIF over-
expression by itself, even for up to 2 months, did not result in
any histologically detectable lung injury (Figures E1–E5).

DISCUSSION

Kim and colleagues demonstrated that naphthalene-induce
lung injury favored the development of tumors in a model of
oncogenic KRAS activation in mice (32). In their study they
demonstrated expansion of a putative bronchoalveolar stem
cell population after injury, and that this expansion was
associated with increased tumor number after activation of
oncogenic KRAS, suggesting that expansion of the stem cell
niche also expanded the development of KRAS-transformed
cells into tumors. In the current study, we demonstrate that the
injured lung microenvironment further supports the growth of
already-transformed lung cancer cells. This article demon-
strates that lungs recovering from lung injury support increased
growth of orthotopic lung tumors by promoting growth and

inhibiting apoptosis in a MIF-dependent mechanism. We
originally expected that the increased tumor growth would be
attributed to enhanced angiogenesis as a result of the ongoing
tissue repair. Our findings did not provide any evidence for
increased vessel growth in the tumors, despite that levels of
angiogenic CXC chemokines were increased in these tumors
(Figure E6).

Dvorak originally proposed the paradigm that tumors were
‘‘wounds that do not heal’’ (1). This paradigm predicts common
molecular mediators between tissue repair and tumor growth.
The cytokine MIF plays a role in the response of a wide range of
models of tissue injury. MIF activity is associated with tissue
repair (10, 33–35), cell proliferation (36), and protection from
apoptotic stimuli (21, 37–39), as well as angiogenesis (17, 30, 40,
41). We determined that MIF was expressed in both models of
lung injury, and that host-derived MIF was necessary for the
subsequent acceleration of tumor growth. We then used an
inducible lung-targeted transgenic mouse to determine that
MIF expression by itself was sufficient to promote the growth
of tumors. In each case the protection from apoptosis and
increased proliferation of tumor cells was dependent on the
presence of host-derived MIF. We were unable to demonstrate
an increase in vessel density to suggest that MIF-dependent
promotion of angiogenesis was important in this model.

MIF is expressed in many models that recapitulate acute and
chronic tissue injury, such as cutaneous wounds (33, 44), asthma

Figure 7. Increased proliferation and protection from apoptosis during

lung repair from bleomycin-induced injury requires the presence of
macrophage migration inhibitory factor (MIF). (A) shows the number

of apoptotic cells per high-power field (cleaved caspase 3) in tumors

from wild-type or MIF knockout (2/2) mice. (B) shows the proliferative

index (% of Ki6-positive cells) in tumors from wild-type or MIF
knockout (2/2) mice. Indicated P values are from Student t test. Each

bar represents the analysis of tumors from the lungs of at least five mice

per group.

Figure 8. Increased proliferation and protection from apoptosis during
lung repair from naphthalene-induced injury requires the presence of

macrophage migration inhibitory factor (MIF). (A) shows the number

of apoptotic cells per high-power field (cleaved caspase 3) in tumors
from wild-type or MIF knockout (2/2) mice. (B) shows the proliferative

index (% of Ki6-positive cells) in tumors from wild-type or MIF

knockout (2/2) mice. Indicated P values are from Student t test. Each

bar represents the analysis of tumors from the lungs of at least five mice
per group.
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(11), cystitis (45, 46), rheumatoid arthritis (47), sepsis (48), and
atherosclerosis (49). Although traditional gene expression
microarrays fail to identify up-regulation of MIF at the level
of mRNA in response to tissue injury (50–53), proteomic
methods have identified MIF as a key mediator of tissue repair
(54), a finding confirmed by animal studies. This may reflect the
fact that preformed MIF is often present in cells and may be
released into the microenvironment in response to injury
without the benefit of transcriptional up-regulation. One study
has examined the role of MIF in bleomycin-induced lung injury.
This study found that inhibition of MIF after bleomycin-induced
lung injury improved survival and reduced the inflammatory
response, but had no effect on deposition of collagen. This
suggests that the processes of repair are dissociated from fibrosis
(55). Our own findings show (in response to lung injury) in-
creased immunolocalization of MIF to epithelium in the airway
and airspaces, as well as in some endothelial cells in response
to lung injury. In the context of tumor growth arising from
the distal airways or airspaces, this increased local expression
of MIF, combined with MIF-dependent effects on cell prolifer-
ation and protection from apoptosis, may have an important
impact.

We have previously shown that MIF is expressed by lung
cancer cells in vitro, and that it induces the expression of
angiogenic CXC chemokines by cocultured monocytes, result-
ing in a significant increase in the angiogenic bioactivity of
coculture supernatants (30). MIF expression is markedly in-
creased in human NSCLC tumors, and its expression correlates
with higher risk of disease recurrence and mortality (18, 56, 57).
Furthermore, we recently demonstrated the presence of the
putative receptor for MIF, CD74, in a specimen of human
NSCLC (31).

Prior studies seeking a connection between inflammation
and cancer have conclusively shown that activation of the
nuclear factor (NF)-kB transcription factor pathway plays a role
in the development of cancer. It is not clear whether there is
a connection between the activity of MIF and the NF-kB
pathway, though MIF may up-regulate NF-kB in endothelial

cells (58). MIF is not known to activate the NF-kB pathway in
epithelial or myeloid derived cells, but activation of NF-kB may
induce the expression of MIF in tumor stromal cells (59). Our
study did not examine the process of transformation at a cellular
level. Rather, we sought to study the effect of a microenviron-
ment undergoing repair on cells that were already transformed.
Our data provide evidence for an additional potential target to
attenuate the malignant phenotype and the tumor microenvi-
ronment by targeting the presence of MIF. Further studies will
be focused on the role of MIF on the process of cellular
transformation in the context of injury and repair.

Author Disclosure: D.A. has received sponsored grants from NCI (more than
$100,000). T.R.L. has received sponsored grants from NIH (more than
$100,000). S.C. does not have a financial relationship with a commercial entity
that has an interest in the subject of this manuscript. L.Z. does not have a financial
relationship with a commercial entity that has an interest in the subject of this
manuscript. M.A.A. does not have a financial relationship with a commercial
entity that has an interest in the subject of this manuscript. A.E.K. does not have
a financial relationship with a commercial entity that has an interest in the subject
of this manuscript.

Acknowledgment: The authors thank Galina Gavrilia for preparation of transgenic
mice and the Transgenic Animal Model Core of the University of Michigan’s
Biomedical research Core Facilities. Core support was provided by The University
of Michigan Cancer Center NIH Grant CA46592.

Figure 9. Doxycycline-induced overexpression of macrophage migra-

tion inhibitory factor (MIF) (on Days 1–14) in the lungs of Clara-cell

secretory protein (CCSP)-rtTA/tet(O)-MIF double-transgenic mice re-

sults in increased growth of subsequently introduced orthotopic Lewis
lung carcinoma tumors (Days 14–28). Control mice include double-

transgenic mice receiving no doxycycline and single-transgenic mice

with or without doxycycline (P 5 0.036 by analysis of variance). 1/1
designates mice bearing both the CCSP-rtTA and tet(O)MIF alleles

respectively. 1/2 designates single-transgenic littermate mice. Each

bar represents the analysis of tumors from the lungs of at least five mice

per group.
Figure 10. Doxycycline-induced overexpression of macrophage migra-

tion inhibitory factor (MIF) (on Days 1–14) in the lungs of Clara-cell

secretory protein (CCSP)-rtTA/tet(O)-MIF double-transgenic mice re-
sults in increased proliferation and protection from apoptosis in sub-

sequently introduced orthotopic Lewis lung carcinoma tumors (Days

14–28). (A) shows the number of apoptotic cells per high-power field

(cleaved caspase 3) in tumors from double- (1/1) or single-transgenic
(1/2) mice treated with or without doxycycline (P 5 0.006 by analysis

of variance [ANOVA]). (B) shows the proliferative index (% of Ki67-

positive cells) in tumors from double- (1/1) or single-transgenic (1/2)

mice treated with or without doxycycline (P 5 0.002 by ANOVA).
Control mice include double-transgenic mice receiving no doxycycline

and single-transgenic mice with or without doxycycline. 1/1 desig-

nates mice bearing both the CCSP-rtTA and tet(O)MIF alleles, re-
spectively. 1/2 designates single-transgenic littermate mice. Each bar

represents the analysis of tumors from the lungs of at least five mice per

group.
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