
Disorganized wound
healing in fibrinogen-
deficient mice

The dramatic conversion of blood from

liquid to solid focused attention for decades

on the role of fibrinogen in clot formation.

But the cellular interactions of fibrinogen,

fibrin, and their many proteolytic derivatives

are critical in many physiologic and patho-

logic procedures. For example, most vas-

cular cells have receptors for fibrinogen,

which plays an important role in estab-

lishing cell-cell interactions, frequently after

receptor activation. In contrast to fibrinogen,

vascular cells are rarely exposed to fibrin,

which is formed primarily at sites of injury,

thrombosis, inflammation, or malignancy.

Fibrin exposure results in dramatic changes

in phenotype, frequently including loss of

cell-cell contacts, migration, changes in se-

cretion and synthesis of proteins, and angio-

genic organization of endothelial cells.

These responses are influenced by both the

physical characteristics of the fibrin network

and also by the exposure of new sites fol-

lowing thrombin cleavage such as the amino

terminus of theb chain that interacts with

endothelial cell VE-cadherin.

The development of knockout mice defi-

cient in fibrinogen has provided new in-

sights into its physiologic role in these and

other processes. Mice lacking fibrinogen

have defective hemostasis, but, surprisingly,

they can survive, reproduce, and even estab-

lish hemostasis after minor surgical proce-

dures. Previous studies using these mice

have shown that fibrinogen contributes to

metastatic potential, modulates atherogen-

esis, and affects the intensity of inflamma-

tion in arthritis. The report by Drew and

colleagues (page 3691) examines wound

healing in fibrinogen-deficient (Fib2/2)

mice. Some negative findings were particu-

larly surprising. Fib2/2 mice exhibited little

gross difference in would healing except for

persistent minor bleeding and slightly

delayed re-epithelization. But there were

major differences in the details of the

healing process. Wounds in Fib2/2 mice had

a relative lack of granulation tissue with

decreased tensile strength, and the wound

tended to gap and fissure. Dramatic alter-

ations were seen in cell migration. Fol-

lowing skin wounding, keratinocytes in con-

trols migrated beneath the eschar from the

edges to the center and closed the wound in

an ordered process. In Fib2/2 mice this

process was disordered with epithelial hy-

perplasia and cell migration into fissures

and sinuses directed away from the wound

center. When a porous chamber was im-

planted into Fib2/2 mice, cells failed to

migrate into the dead space in the absence

of a fibrin matrix.

The results indicate that fibrin is needed

to provide tensile strength for wounds and

in directing cell migration, and they raise

additional questions concerning the role of

fibrinogen and fibrin in healing and inflam-

mation. It will be important to determine

how keratinocytes and possibly other epithe-

lial cells recognize fibrin and how it directs

their migration. The difference in wound

collagen content in Fib2/2 mice suggests a

new and important role of fibrin in regu-

lating fibroblast collagen synthesis. The al-

ternative mechanisms that allow eventual

complete wound healing in Fib2/2 mice

need further investigation. The important

role of fibrin(ogen) in directing cellular

processes in healing, tumor development,

and inflammation raises the possibility of

modulating these interactions for thera-

peutic benefit.

—Charles W. Francis

University of Rochester

Leukemic stem cells:
where have they
gone wrong?

What is the mechanism behind acute bilin-

eage leukemia (ie, 2 separate populations of

myeloid and lymphoid blasts)? Why does

the risk for therapy-related myelodysplastic

syndrome (MDS) and acute myeloid leu-

kemia (AML) last only 10 years, while

the risk for therapy-related solid tumors

can be lifelong? Recent work from several

groups is beginning to provide insights

into these and other important questions

in leukemia biology.

Substantial progress has been made in

identifying and isolating normal hematopoi-

etic stem cells. There is general agreement

that normal hematopoietic stem cells are

small-sized cells that do not express lin-

eage-specific antigens (ie, are lin2 or

CD382) and are usually in the G0 phase of

the cell cycle. But other characteristics that

define hematopoietic stem cells have been a

matter of debate. For example, it now

appears that there are CD342, as well as

CD341, hematopoietic stem cells. One ex-

planation for the reported differences re-

garding hematopoietic stem cells is that

there are several classes of these cells with

varying capacity for long-term production of

the different hematologic lineages. Van Zant

and colleagues (Exp Hematol. 1997;25:187–

192) have used the termhigh-quality for

hematopoietic stem cells that are capable of

lifelong production of all hematologic lin-

eages andlow-quality for those hematopoi-

etic stem cells that yield only limited hema-

tologic reconstitution.

Chronic myeloid leukemia (CML) and

MDS have long been considered stem cell

disorders. The leukemic stem cells in these

diseases appear to be CD341 and lin2/CD382.

But although B cells are sometimes derived

from the leukemic clone in these diseases, T

cells are virtually never involved. Moreover,

normal stem cells can be separated from

leukemic stem cells in these diseases using

characteristics (such as small size and low

class II expression) ofhigh-qualityhemato-

poietic stem cells. Thus CML and MDS

stem cells appear to have characteristics of

low-quality, rather thanhigh-quality,stem

cells. Many groups have now shown that

most cases of AML also arise from CD341

lin2/CD382 stem cells. George and col-
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leagues (page 3925) demonstrate that acute

lymphoblastic leukemia stem cells also

often exhibit a similar phenotype. Feuring-

Buske and Hogge (page 3882) showed that

another characteristic ofhigh-qualityhema-

topoietic stem cells, rapid efflux of the fluo-

rescent vital DNA binding dye Hoechst

33342, can be used to separate normal from

leukemic stem cells.

Like CML and MDS, many if not most

cases of acute leukemia can now be consid-

ered stem cell disorders. Thus it should not

be surprising that some acute leukemias

share bilineage potential with CML and

MDS. The phenotype of a particular leu-

kemia is probably a function of the degree

of differentiation allowed by the disease’s

leukemogenic changes. But the initial leuke-

mogenic event is likely to occur inlow-

quality, not high-quality,stem cells.High-

quality stem cells generally appear to be

resistant to leukemogenic changes. The du-

ration of risk for therapy-related leukemia

(10 years) may represent the life span of

low-quality hematopoietic stem cells.

—Richard J. Jones

Johns Hopkins Oncology Center

Adverse effects of G-CSF
in sickle cell syndromes

Though likely past kindergarten, it was

nevertheless early on when I learned that

sickle cell anemia is a disease of the red

cell. In view of this simple principle, it

was a nasty surprise to find that adminis-

tering G-CSF to patients with sickle cell

disease, a maneuver designed to affect

white cells, can lead to disastrous conse-

quences, as described in 3 case reports, 2

of which appear as letters to the editor in

this issue (Wei and Grigg, page 3998) and

the May 15 issue (Adler and colleagues.

Blood. 2001;97:3313); the third report is

by Abboud et al (Lancet. 1998;351:959).

All 3 reports describe severe pain and

multiorgan failure occurring within 4 days

of starting G-CSF, and in one case the

patient died. From these 3 isolated clinical

observations, much can be learned. First,

patients with any of the sickle cell syn-

dromes should be considered at risk for

G-CSF–induced complications, since the 3

reports encompass a patient with hemo-

globin SS disease, a patient with hemo-

globin SC disease, and a patient with he-

moglobin S/b1 thalassemia. Importantly, a

prior study suggests that G-CSF causes no

ill effects in patients with sickle cell trait

(Kang et al. Blood. 2000;96:14a). Second,

the lack of a prior history of sickle cell–

related symptoms should not be viewed as

reassuring, since the patients presented

here were relatively asymptomatic prior to

starting the hematopoietic growth factor.

Third, G-CSF–induced complications may

arise in the absence of granulocytosis,

since the patient reported by Wei and

Grigg developed life-threatening compli-

cations despite a normal neutrophil count.

This observation suggests that the delete-

rious consequences of G-CSF may be

partly attributable to effects on neutrophil

function.

These case reports have a number of

implications. They substantially contribute

to a growing body of epidemiological evi-

dence showing an association between

leukocytosis and poor outcome in patients

with sickle cell disease. While prior epide-

miological studies demonstrated a clear

association between leukocytosis and poor

outcome, the present case reports suggest

that this association may be causal. As such,

they raise the possibility that interventions

targeting neutrophils may be useful in inter-

dicting some of the complications of sickle

cell disease. Additionally, there is consider-

able interest in mobilizing stem cells and

progenitors in patients with sickle cell

disease for the eventual application of gene

therapy. These cases demonstrate that alter-

natives to G-CSF for achieving mobilization

need to be identified. Ultimately of most

immediate relevance is the conclusion that

G-CSF administration is contraindicated in

patients with sickle cell disease.

—C. Anthony Blau

University of Washington
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