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Dear Editor,

With interest we read the article by Abha Sahni and co-
workers; ‘‘The VE-cadherin binding domain of fibrinogen
induces endothelial barrier permeability and enhances trans-
endothelial migration of malignant breast epithelial cells’’ in
the edition of August 1st, 2009.1 Sahni et al. showed that
addition of intact fibrinogen induces an increase in endothe-
lial permeability. This increase was shown to be mediated via
binding of fibrinogen domain b15-42 to VE-cadherin on endo-
thelial cells. Transendothelial migration of malignant breast
cancer cells was increased by fibrinogen. The data provide
novel insight in transendothelial migration of malignant cells,
which require fibrinogen domain b15-42 and VE-cadherin
binding.

Sahni et al. showed a significantly increased permeability
of human endothelial cells using 300 nM (0.1 g/L) fibrinogen.
This is a surprising finding, since this is below the fibrinogen
concentrations in the human circulation. In our own experi-
ments, 50 and 200 nM intact fibrinogen showed no increase
in permeability of the endothelial monolayer, using highly
purified intact fibrinogen fractions (unpublished). Published
data on higher fibrinogen concentrations do not show a con-
sensus on whether the intact protein increases vascular per-
meability. Tyagi et al. showed that at pathologically high lev-
els, fibrinogen (�12 lM) can increase permeability of the
endothelial monolayer, whereas physiological concentrations
(6–12 lM) had no effect.2 Here, Sahni et al. showed an
induction of endothelial permeability using 300 nM fibrino-
gen. Referring to the human circulation, it would be surpris-
ing if fibrinogen concentrations beneath physiological levels
would be able to increase permeability. Therefore, we care-
fully compared the experiments and proposed mechanism.

The fibrinogen-induced permeability was investigated
using peptides and blocking antibodies. Sahni et al. showed
an impaired fibrinogen-induced permeability after addition of
antibody T2G1 excess. This suggests that the antibody T2G1
bound intact fibrinogen and thereby impaired endothelial
permeability. However, Kudryk et al. showed that the mono-
clonal antibody T2G1 only binds b15-21 on fibrin and its
degradation products, whereas the binding to intact fibrino-
gen was shown to be �250 times lower.3 Moreover, peptide
b15-42 was shown to mimic fibrinogen-induced permeability,
but the control peptide had no effect.1 As stated in the intro-
duction, domain b15-42 is cryptic in fibrinogen and exposed
after cleavage of fibrinopeptide B or proteolytic degradation.1,4

Domain b15-42 is also being exposed after thrombin-independ-

ent fibrinogen matrix assembly.5 In the methods of the article,
it was described that intact soluble fibrinogen was added to
the apical side of the endothelial monolayer. The question
rises whether fibrinogen domain b15-42 was exposed and
bound to endothelial VE-cadherin to increase permeability.
The role of VE-cadherin regulating permeability in the endo-
thelial cell junctions has been extensively studied.6 Moreover,
as shown by Ge et al., relatively low concentrations fibrin deg-
radation products increase endothelial permeability. It was
shown that 0.5–2.0 lM (0.05–0.2 g/L) fragment D caused a
doubling of the transendothelial 125I-albumin clearance in
2 hr.7 Healthy individuals have D-dimer concentrations with
a maximum of 0.0005 g/L. Taken together, these findings
strongly suggest the presence of fibrin monomers or fibrin
degradation products in the fibrinogen sample used by Sahni
et al. Alternatively, the exposure of cryptic domains within
the fibrinogen molecule by conformational changes may con-
tribute to the exposure of fibrin specific epitopes, such as is
also observed after fibrinogen binding to plastic culture plates.

The mechanism proposed by Sahni et al. is that tumor-
associated fibrinogen can facilitate transendothelial migration
of malignant cells. Intact fibrinogen would increase vascular
permeability via binding of fibrinogen domain b15-42 to endo-
thelial VE-cadherin. However, domain b15-42 was shown to
be cryptic in intact fibrinogen.3 In our opinion, not intact
fibrinogen but fibrin or its degradation products are responsi-
ble for the observed effects. This sheds a new light on the
data. Palumbo et al. showed that fibrin(ogen) is an important
determinant of the metastatic potential of tumor cells. In
wild-type mice, a 20-fold reduction of tumor metastasis was
seen after addition of the thrombin-inhibitor hirudin.8 In
addition to a contribution of fibrinogen to platelet-micro-
thrombi, which may provide protection to tumor cells against
innate immune surveillance systems,9 Sahni et al. proposed
that tumor-associated fibrinogen can facilitate transendothe-
lial migration of malignant cells. Our addition to the latter
proposed mechanism would be that tumor-associated fibrino-
gen is converted to fibrin monomers or fibrin degradation
products. Thereafter, it acts as a bridging molecule between
tumor cells and endothelial cells, after which transendothelial
migration can take place. The bridging of fibrin to VE-cad-
herin on endothelial cells is mediated via domain b15-42 on
the molecule.

In summary, findings demonstrating that relatively low
concentrations of intact fibrinogen increase permeability
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should be reconsidered. Domain b15-42 is exposed after
thrombin cleavage and degradation of fibrin, thereafter the
fibrin specific antibody T2G1 can bind. The results shown by
Sahni et al. strongly suggest the presence of fibrin specific
epitopes, which bear impact on the interpretation of the data.
In this view, not intact fibrinogen but fibrin monomers or
fibrin degradation products form the bridging molecule
between tumor and endothelial cells. Not withstanding, the
results showing malignant cell migration mediated by domain
b15-42 fibrin are novel and add to the existing models on ex-
travasation of metastatic tumor cells. It would be wonderful
when such new insight would result in improvement of ther-
apeutic interventions.

Yours sincerely,

Ester M. Weijers

Pieter Koolwijk

Victor W. M. van Hinsbergh

Geerten P. van Nieuw Amerongen

References
1. Sahni A, Arevalo MT, Sahni SK, Simpson-Haidaris PJ. The VE-

cadherin binding domain of fibrinogen induces endothelial barrier
permeability and enhances transendothelial migration of malignant
breast epithelial cells. Int J Cancer 2009;125:577–84.

2. Tyagi N, Roberts AM, Dean WL, Tyagi SC, Lominadze D. Fibrinogen
induces endothelial cell permeability. Mol Cell Biochem 2008;307:
13–22.

3. Kudryk B, Rohoza A, Ahadi M, Chin J, Wiebe ME. Specificity of a
monoclonal antibody for the NH2-terminal region of fibrin. Mol
Immunol 1984;21:89–94.

4. Mosesson MW. Fibrinogen and fibrin structure and functions.
J Thromb Hemost 2005;3:1894–1904.

5. Guadiz G, Sporn LA, Simpson-Haidaris PJ. Thrombin cleavage-
independent deposition of fibrinogen in extracellular matrices. Blood
1997;90:2644–53.

6. van Nieuw Amerongen GP, Beckers CM, Achekar ID, Zeeman S,
Musters RJ, van Hinsbergh VWM. Involvement of Rho kinase in
endothelial barrier maintenance. Arterioscler Thromb Vasc Biol 2007;
27:2332–39.

7. Ge M, Ryan TJ, Lum H, Malik AB. Fibrinogen degradation product
fragment D increases endothelial monolayer permeability. Am J
Physiol 1991;261:L283–L289.

8. Palumbo JS, Kombrinck KW, Drew AF, Grimes TS, Kiser JH, Degen
JL, Bugge TH. Fibrinogen is an important determinant of the
metastatic potential of circulating tumor cells. Blood 2000;96:3302–09.

9. Palumbo JS, Potter JM, Kaplan LS, Talmage K, Jackson DG, Degen
JL. Spontaneous hematogenous and lymphatic metastasis, but not
primary tumor growth or angiogenesis, is diminished in fibrinogen-
deficient mice. Cancer Res 2002;62:6966–72.

DOI: 10.1002/ijc.25280

History: Received 23 Oct 2009; Accepted 4 Feb 2010; Online
2 Mar 2010

Correspondence to: Geerten P. van Nieuw Amerongen,
Department for Physiology, VU University Medical Center, Institute
for Cardiovascular Research (ICaR-VU), Van der Boechorststraat 7,
Amsterdam 1081 BT, The Netherlands, Tel.: þ0031-20-444-1748,
Fax: þ0031-20-444-8255, E-mail: nieuwamerongen@vumc.nl

160
161

164

167
168
169
170

Author’s reply to Weijers et al. ‘‘Fibrin b15–42 domain
is cryptic in intact fibrinogen: comment on the
study by A. Sahni et al.’’

Patricia J. Simpson-Haidaris1 and Abha Sahni2

1 Department of Medicine-Hem/Onc Division, University of Rochester School of Medicine and Dentistry, Rochester, NY
2 Aab Cardiovascular Reseach Institute, University of Rochester School of Medicine and Dentistry, Rochester, NY

Dear Editor,

We thank Drs. Weijers, Koolwijk, van Hinsbergh and van
Nieuw Amerongen for their interest in our recent publica-
tion, ‘‘The VE-cadherin binding domain of fibrinogen indu-
ces endothelial barrier permeability and enhances transendo-
thelial migration of malignant breast epithelial cells’’ that
appeared in the August 1st issue of the International Journal
of Cancer in 2009.1 Moreover, we appreciate the concerns
raised by Weijers et al.2 that the effects we observed on endo-
thelial permeability and malignant breast epithelial cell trans-
endothelial cell migration were due to thrombin/proteolytic
conversion of the exogenously added fibrinogen to fibrin
monomer and/or fibrin(ogen) degradation products and not
due to the exposure of the cryptic vascular endothelial (VE)-

cadherin binding domain located at residues 15–42 on the b
chain of intact fibrinogen. Although a role for VE-cadherin
in regulating endothelial cell permeability is well established,3

a role for intact fibrinogen in the absence of its conversion to
fibrin and/or fibrin(ogen) degradation products to promote
endothelial cell permeability would be unexpected.

When we initiated these studies, we also expected that
only fibrin monomer and fibrin(ogen) degradation products, as
previously reported in the literature, and as cited by Weijers
etal,2 would induce permeability of barrier endothelium. The
commercially purchased highly purified fibrinogen used in all of
our studies is subjected to additional rigorous quality control as
described.1 Although small amounts of fibrin I and fibrin II as
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well as some fibrin(ogen) degradation products are found in
commercial sources of purified human fibrinogen prepared
from pooled plasma, we are convinced there is negligible con-
tamination with fibrin monomer and/or fibrin(ogen) degrada-
tion products to account for the effects observed.1

Weijers et al.2 raise the possibility that intact fibrinogen is
converted to fibrin by thrombin when added to the condi-
tioned medium of the cultured endothelial cells. To address
this concern, we show additional data collected from control
experiments over the course of our studies (Fig. 1). To deter-
mine whether thrombin activity affected permeability induced
by intact fibrinogen, we assessed FITC-Dextran flux across
the endothelial barrier as described1 in the absence and pres-
ence of the specific thrombin inhibitor, hirudin. As shown in
Figure 1a, 1 Unit/ml hirudin had no effect on the flux
of FITC-Dextran across the endothelial barrier (p ¼ 0.14,
Student’s t-test), indicating that active thrombin was not par-
ticipating in fibrinogen-induced endothelial permeability.
Higher concentrations of hirudin (up to 5 Units/ml) also had
no effect on endothelial barrier permeability (unpublished data).

To address the suggestion that the soluble, intact fibrino-
gen was converted to fibrin and/or fibrin(ogen) degradation
products by the malignant breast epithelial cells, we show
data collected by Dr. Brian Rybarczyk that was published in
his doctoral dissertation.5 Iodinated fibrinogen exposed to
MDA-MB-231 cells for 18 hr remained intact at 340 kDa; it
was not cleaved by thrombin or crosslinked to form fibrin(o-
gen) polymers, nor were typical proteolytic degradation prod-
ucts (e.g., plasmin-derived fragments D and E) observed (Fig.
2a). Data published from our laboratory indicate that fibrino-
gen added exogenously to fibroblasts (please see Fig. 7 in Ref.
4) or endogenously produced by A549 lung epithelial cells
(please see Fig. 9 in Ref. 4) remains intact. Additional data
from our laboratory suggest that cell-associated fibrinogen
interacts with cell surface integrins a5b1 and avb3, either
directly or indirectly through association with fibronectin and
with cell surface heparan sulfate proteoglycans (HSPGs).5–7

It is widely accepted by others2,8–10 and us11 that residues
defined by fibrinogen-b15–42 are cryptic in intact fibrinogen—
the fibrin-specific monoclonal antibody T2G18 will not bind
to its epitope, defined by residues b,15–21 when intact fibrino-
gen is presented either in solution or adsorbed to a solid sur-
face. However, we have shown that when highly purified
intact fibrinogen is added to the solution phase of metabol-
ically active cells in culture, fibrinogen assembles into the
extracellular matrix in the absence of proteolytic cleavage to
fibrin, fibrin(ogen) degradation products, or processed into
higher ordered structures such as covalently cross-linked
fibrin(ogen).4,6,7,12 This was observed using both primary
cells (human foreskin fibroblasts and human umbilical vein
endothelial cells) as well as human cell lines, including lung
type II-like A549 epithelial cells, and nonmalignant
(HBL100) and malignant (MDA-MB-231) breast epithelial
cells. Moreover, we have shown conclusively that b15–21

exposed in fibrillar matrix fibrinogen is recognized by mono-

clonal antibody T2G1 (Fig. 2, reproduced with permission
from Blood, 2003;102:4035–43; Cover photo).7

Palumbo et al.13–17 have performed elegant experiments in
mutant mice to show that plasma fibrin(ogen), thrombin and
platelets are all important in promoting metastasis of certain

Figure 1. Neither thrombin cleavage (Panel a) nor protease

degradation (Panel b) of intact fibrinogen occurs in the presence of

endothelial (Panel a) or breast cancer cell (Panel b) conditioned

media. Panel a, Intact fibrinogen (Fg) (30 nM), in the absence and

presence of the specific thrombin inhibitor hirudin (1 Unit/ml), was

added to the apical chamber of human umbilical vein endothelial

cells (HUVEC) grown to confluency on MillicellTM inserts and FITC-

Dextran flux across the endothelial barrier was measured at 45

min as described by Sahni et al.1 Panel b, Iodinated fibrinogen

(5 lg/ml) was added to the supernatant of confluent monolayers

of the highly invasive MDA-MB-231 breast cancer cell line, and

incubated for 18 hr. The fibrinogen was recovered as described4

from the serum containing conditioned medium (Lane 2) and cell-

associated (Lane 3) fractions and, along with the starting material

(Lane 1), resolved under nonreducing but denaturing conditions on

a 4–12% gradient polyacrylamide gel. The migration of molecular

weight markers in kDa is indicated.
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cancers to the lung. Pertinent to this response are their
results showing that, in fibrinogen-deficient mice, the number
of metastatic foci of B16-BL6 melanoma and Lewis Lung car-
cinoma was greatly reduced in lung.13,14 Weijers et al.2 raise
the point that when Palumbo and colleagues performed the
above experiments in the absence or presence of the specific
thrombin inhibitor hirudin, lung metastasis was reduced 20-
fold in hirudin-treated wild-type mice (please see Fig. 5 in
Ref. 13). However, hirudin also decreased lung metastasis
comparably in fibrinogen-deficient mice (please see Fig. 5 in
Ref. 13), suggesting that the prometastatic affects of thrombin
were, for the most part, fibrinogen independent. It is well
known that thrombin contributes to the severity of cancer
progression by promoting tumor angiogenesis, cancer cell

proliferation and metastasis by mechanisms other than just
thrombin generation of fibrin.18

The neo-NH2-terminus of the fibrin b chain, defined by
residues 15–42, participates in clot formation and also has
been implicated in a number of important cellular responses
including cell spreading,19 stimulating cell proliferation,20

binding to VE-cadherin to support angiogenesis,21 binding to
endothelial cell HSPGs22 and inducing cell migration during
wound repair.7 We have shown that a cryptic heparan bind-
ing domain maps to b15–42 residues of fibrin(ogen).23 Because
the VE-cadherin binding domain and heparan binding do-
main on fibrin(ogen) overlap on the fibrinogen b chain, we
cannot rule out the possibility that endothelial cell surface
HSPGs play a role in intact fibrinogen-induced endothelial
permeability. However, we consider this the least favorable
interpretation of our data because heparin-dependent binding

Figure 3. Fibrinogen binds to cell surface receptors and assembles

into the subendothelial fibrillar matrix of endothelial cells. Human

umbilical vein endothelial cells were grown to confluence on

gelatin-coated glass coverslips then treated for 24 hr with 30 nM

purified plasma fibrinogen conjugated to Oregon Green (green

fluorescence). The cells were fixed, permeabilized and stained with

antibodies to fibroblast growth factor-2 (red fluorescence). After

immunostaining, the coverslip was mounted ‘‘upside down’’ on a

microscope slide such that the basolateral aspect and the

subendothelial extracellular matrix appear on ‘‘top’’ of the cells.

Epifluorescence microscopy revealed that fibrinogen binds to

endothelial cell-cell junctions in a punctate pattern (green

fluorescence), consistent with fibrinogen binding to its intercellular

surface receptor, VE-cadherin (arrows). Fibrinogen also assembles

to a limited extent into the subendothelial fibrillar extracellular

matrix as denoted by the strands of green fluorescence

(arrowheads). The scale bar represents 25 lm. [Color figure can be

viewed in the online issue, which is available at

wileyonlinelibrary.com.]

Figure 2. The cryptic fibrin-like b15–21 epitope is exposed in matrix

fibrinogen fibrils that colocalize with fibronectin fibrils. Confluent

monolayers of human foreskin fibroblasts were treated with

purified plasma fibrinogen at 40 lg/ml for 24 hr. Fibrinogen (Fg)

matrix fibrils were detected with monoclonal antibody T2G1 (red

fluorescence), which recognizes the neo-NH2-terminus (b15–21) of

the fibrin b chain, and fibronectin (FN) matrix fibrils (green

fluorescence) were detected with polyclonal anti-human fibronectin

IgG. Very few isolated fibrils of fibronectin (green staining) or

fibrinogen (red staining) are found in the matrix; the majority of

fibrinogen colocalizes (Both) with fibronectin fibrils (yellow

staining), indicating that the cryptic b15–21 epitope is exposed in

fibrinogen matrix fibrils distributed along the length of fibronectin

matrix fibrils. The scale bar represents 25 lm. (Reproduced with

permission from Rybarczyk, et al., Matrix-fibrinogen enhances

wound closure by increasing both cell proliferation and migration,

2003, 102, 4035–43, Blood). [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com.]
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of fibrin monomer to endothelial cells occurred only when
the endothelial cells were fixed to the ELISA plate during the
cell binding assay. In contrast, fibrinogen bound poorly to
fixed endothelial cells in this cell binding assay.22 Further-
more, we have shown that fibrinogen assembly into the
extracellular matrix requires binding to the cell surface before
deposition into the matrix (please see Fig. 9 in Ref. 5). Such
cell surface binding is integrin dependent, requiring fibrino-
gen Aa-chain RGD sequences. However, this cell surface
binding is not HSPG dependent in that desBb1–42-fibrinogen,
also known as fibrinogen-325, still assembles into matrix
fibrils (please see Figs. 3–5 in Ref. 7). Moreover, only meta-
bolically active cells are capable of assembling fibrinogen into
mature matrix fibrils (please see Fig. 1 in Ref. 24). Taken to-
gether, these published data support our conclusion that in
the absence of malignant breast cancer cells, endothelial bar-
rier permeability occurs only after intact fibrinogen binds to
integrins on the endothelial cell surface. Binding induces a
conformational change exposing the fibrinogen b15–42 do-
main, thus allowing it to bind to VE-cadherin. This conclu-
sion is further supported by the photomicrograph (Fig. 3 and
cover photo for Sahni et al.1) showing that fibrinogen assem-
bles into subendothelial matrix fibrils and binds to the sur-
face of endothelial cells at cell-to-cell junctions where VE-
cadherin is found.

We agree that fibrin and thrombin play significant physio-
logic roles in cancer metastasis. However, the exact structure
of fibrin(ogen) and fibrin(ogen) degradation products that
promote endothelial barrier permeability is poorly under-
stood. We pose the intriguing possibility that subphysiologi-
cal levels of fibrinogen modulate cell responses in the micro-
environment where fibrinogen, tumor cells and endothelium
interact. Extensive research from our laboratory has contrib-
uted to elucidating molecular mechanisms regulating gene
expression, protein biosynthesis and assembly, and function
of fibrinogen produced by extrahepatic epithelium from the
lung, prostate and breast using adenocarcinoma cell lines.
4,5,25–30 Others have reported expression of the fibrinogen
genes and secretion of fibrinogen protein by intestinal and
cervical epithelial cancer cell lines.31,32 Extrahepatic expres-
sion of fibrinogen occurs in vivo, as demonstrated in animal
models of Pneumocystis carinii pneumonia, and by gene
expression profiling of biopsy samples from patients with
lung or breast cancer.33–39 The functional significance of
fibrinogen expression by extrahepatic epithelium is likely
influenced more by the cellular context in which the fibrino-
gen is found rather than by its overall plasma concentration.

In summary, we stand by our interpretation that exposure
of the VE-cadherin binding domain in intact fibrinogen
induces endothelial cell permeability and promotes transen-
dothelial migration of malignant breast cancer cells in vitro.1

Furthermore, it is reasonable to hypothesize that small
amounts of fibrinogen produced endogenously by breast can-
cer cells contribute to tumor cell-endothelial cell interactions
to promote breast cancer metastasis in vivo. The striking ob-

servation that intact fibrinogen was unable to induce barrier
endothelial permeability in the presence of MCF-10A nonma-
lignant breast epithelial cells (please see Fig. 6 and Discussion
in Ref. 1) led us to further hypothesize that nonmalignant
breast epithelial cells bind fibrinogen b15–42 sequences, likely
through cell surface HSPGs, rendering the VE-cadherin bind-
ing domain at fibrinogen b15–42 inaccessible. The ability of
nonmalignant breast epithelial cells to bind fibrinogen b15–42

and the loss of such binding capacity by malignant breast
cancer cells suggests a molecular mechanism by which pre-
malignant breast epithelial cells transform to a highly aggres-
sive metastatic breast cancer phenotype. Further studies in
animal models of breast cancer metastasis will permit us to
test the validity of these hypotheses.

Yours sincerely,

Patricia J. Simpson-Haidaris

Abha Sahni

References
1. Sahni A, Arevalo MT, Sahni SK, Simpson-Haidaris PJ. The VE-

cadherin binding domain of fibrinogen induces endothelial barrier
permeability and enhances transendothelial migration of malignant
breast epithelial cells. Int J Cancer 2009;125:577–84.

2. Weijers EM, Koolwijk P, van Hinsbergh VWM, van Nieuw
Amerongen GP. Fibrin b15–42 domain is cryptic in intact
fibrinogen: comment on the study by A. Sahni et al. Int J Cancer
2010 [Epub ahead of print, Doi 10.1002/ijc.25280].

3. Dejana E, Orsenigo F, Lampugnani MG. The role of adherens
junctions and VE-cadherin in the control of vascular permeability.
J Cell Sci 2008;121:2115–22.

4. Guadiz G, Sporn LA, Simpson-Haidaris PJ. Thrombin cleavage-
independent deposition of fibrinogen in extracellular matrices.
Blood 1997;90:2644–53.

5. Rybarczyk BJ. Fibrinogen and the extracellular matrix: biological
implications in breast cancer. Ph.D. Thesis, Department of Pathology
and Laboratory Medicine, The University of Rochester, New York,
2000.

6. Pereira M, Rybarczyk BJ, Odrljin TM, Hocking DC, Sottile J,
Simpson-Haidaris PJ. The incorporation of fibrinogen into
extracellular matrix is dependent on active assembly of a fibronectin
matrix. J Cell Sci 2002;115:609–17.

7. Rybarczyk BJ, Lawrence SO, Simpson-Haidaris PJ. Matrix-fibrinogen
enhances wound closure by increasing both cell proliferation and
migration. Blood 2003;102:4035–43.

8. Kudryk B, Rohoza A, Ahadi M, Chin J, Wiebe ME. Specificity of a
monoclonal antibody for the NH2-terminal region of fibrin.
Mol Immunol 1984;21:89–94.

9. Procyk R, Kudryk B, Callender S, Blomback B. Accessibility of
epitopes on fibrin clots and fibrinogen gels. Blood 1991;77:1469–75.

10. Hamaguchi M, Bunce LA, Sporn LA, Francis CW. Plasmic
degradation of fibrin rapidly decreases platelet adhesion and
spreading. Blood 1994;84:1143–50.

11. Courtney MA, Bunce LA, Neroni LA, Simpson-Haidaris PJ. Cloning
of the complete coding sequence of rat fibrinogen Bb chain cDNA:
interspecies conservation of fibrin b15–42 primary structure. Blood
Coagul Fibrinolysis 1994;5:487–96.

12. Simpson-Haidaris PJ, Guadiz G, Odrljin TM. Cell surface heparan
sulfate proteoglycan-dependent fibrinogen assembly in extracellular
matrix. Blood1997;(Supple 1, Part 1):464a.

13. Palumbo JS, Kombrinck KW, Drew AF, Grimes TS, Kiser JH, Degen
JL, Bugge TH. Fibrinogen is an important determinant of the
metastatic potential of circulating tumor cells. Blood 2000;96:3302–9.

Le
tt
er
s
to

th
e
E
di
to
r

Letters to the Editor 2985

Int. J. Cancer: 127, 2981–2986 (2010) VC 2010 UICC



14. Palumbo JS, Potter JM, Kaplan LS, Talmage K, Jackson DG, Degen
JL. Spontaneous hematogenous and lymphatic metastasis, but not
primary tumor growth or angiogenesis, is diminished in fibrinogen-
deficient mice. Cancer Res 2002;62:6966–72.

15. Palumbo JS, Talmage KE, Massari JV, La Jeunesse CM, Flick MJ,
Kombrinck KW, Jirouskova M, Degen JL. Platelets and fibrin(ogen)
increase metastatic potential by impeding natural killer cell-mediated
elimination of tumor cells. Blood 2005;105:178–85.

16. Palumbo JS, Degen JL. Mechanisms linking tumor cell-associated
procoagulant function to tumor metastasis. Thromb Res2007;120
(Suppl 2):S22–8.

17. Palumbo JS, Talmage KE, Massari JV, La Jeunesse CM, Flick MJ,
Kombrinck KW, Hu Z, Barney KA, Degen JL. Tumor cell-associated
tissue factor and circulating hemostatic factors cooperate to increase
metastatic potential through natural killer cell-dependent and-
independent mechanisms. Blood 2007;110:133–41.

18. Nierodzik ML, Karpatkin S. Thrombin induces tumor growth,
metastasis, and angiogenesis: evidence for a thrombin-regulated
dormant tumor phenotype. Cancer Cell 2006;10:355–62.

19. Bunce LA, Sporn LA, Francis CW. Endothelial cell spreading on
fibrin requires fibrinopeptide B cleavage and amino acid residues 15–
42 of the b chain. J Clin Invest 1992;89:842–50.

20. Sporn LA, Bunce LA, Francis CW. Cell proliferation on fibrin:
modulation by fibrinopeptide cleavage. Blood 1995;86:1802–10.

21. Bach TL, Barsigian C, Chalupowicz DG, Busler D, Yaen CH, Grant
DS, Martinez J. VE-Cadherin mediates endothelial cell capillary tube
formation in fibrin and collagen gels. Exp Cell Res 1998;238:324–34.

22. Odrljin TM, Francis CW, Sporn LA, Bunce LA, Marder VJ,
Simpson-Haidaris PJ. Heparin-binding domain of fibrin mediates its
binding to endothelial cells. Arterioscler Thromb Vasc Biol 1996;16:
1544–51.

23. Odrljin TM, Shainoff JR, Lawrence SO, Simpson-Haidaris PJ.
Thrombin cleavage enhances exposure of a heparin binding domain
in the N-terminus of the fibrin b chain. Blood 1996;88:2050–61.

24. Pereira M, Simpson-Haidaris PJ. Fibrinogen modulates gene
expression in wounded fibroblasts. Ann N Y Acad Sci 2001;936:
438–43.

25. Guadiz G, Sporn LA, Goss RA, Lawrence SO, Marder VJ, Simpson-
Haidaris PJ. Polarized secretion of fibrinogen by lung epithelial cells.
Am J Respir Cell Mol Biol 1997;17:60–9.

26. Simpson-Haidaris PJ. Induction of fibrinogen biosynthesis and
secretion from cultured pulmonary epithelial cells. Blood 1997;89:
873–82.

27. Nguyen MD, Simpson-Haidaris PJ. Cell type-specific regulation of
fibrinogen expression in lung epithelial cells by dexamethasone and
IL-1b. Am J Respir Cell Mol Biol 2000;22:209–17.

28. Rybarczyk BJ, Simpson-Haidaris PJ. Fibrinogen assembly, secretion,
and deposition into extracellular matrix by MCF-7 human breast
carcinoma cells. Cancer Res 2000;60:2033–9.

29. Duan HO, Simpson-Haidaris PJ. Cell type-specific differential
induction of the human VC -fibrinogen promoter by IL-6. J Biol Chem
2006;281:12451–7.

30. Sahni A, Simpson-Haidaris PJ, Sahni SK, Vaday GG, Francis CW.
Fibrinogen synthesized by cancer cells augments the proliferative
effect of FGF-2. J Thromb Haemost 2008;6:176–83.

31. Lee SY, Lee KP, Lim JW. Identification and biosynthesis of
fibrinogen in human uterine cervix carcinoma cells. Thromb
Haemost 1996;75:466–70.

32. Molmenti EP, Ziambaras T, Perlmutter DH. Evidence for an acute
phase response in human intestinal epithelial cells. J Biol Chem 1993;
268:14116–24.

33. Simpson-Haidaris PJ, Courtney MA. Tissue-specific and ubiquitous
expression of fibrinogen VC -chain mRNA. Blood Coagul Fibrinolysis
1990;1:433–7.

34. Courtney MA, Stoler MH, Marder VJ, Simpson-Haidaris PJ.
Developmental expression of mRNAs encoding platelet proteins in
rat megakaryocytes. Blood 1991;77:560–8.

35. Simpson-Haidaris PJ, Wright TW, Earnest BJ, Hui Z, Neroni LA,
Courtney MA. Cloning and characterization of a lung-specific cDNA
corresponding to the VC chain of hepatic fibrinogen. Gene 1995;167:
273–8.

36. Simpson-Haidaris PJ, Courtney MA, Wright TW, Goss R, Harmsen
A, Gigliotti F. Induction of fibrinogen expression in the lung
epithelium during Pneumocystis carinii pneumonia. Infect Immun
1998;66:4431–9.

37. Pentecost BT, Bradley LM, Gierthy JF, Ding Y, Fasco MJ. Gene regulation
in an MCF-7 cell line that naturally expresses an estrogen receptor unable
to directly bind DNA.Mol Cell Endocrinol 2005;238:9–25.

38. Tan YJ, Tham PY, Chan DZ, Chou CF, Shen S, Fielding BC,
Tan TH, Lim SG, Hong W. The severe acute respiratory syndrome
coronavirus 3a protein up-regulates expression of fibrinogen in lung
epithelial cells. J Virol 2005;79:10083–7.

39. Rescher U, Danielczyk A, Markoff A, Gerke V. Functional activation
of the formyl peptide receptor by a new endogenous ligand in
human lung A549 cells. J Immunol 2002;169:1500–4.

DOI: 10.1002/ijc.25288

History: Received 8 Feb 2010; Accepted 23 Feb 2010; Online 2 Mar
2010

Correspondence to: Patricia J. Simpson-Haidqaris, Department of
Medicine-Hem/Onc Division, University of Rochester, Rochester,
NY 14642, USA, E-mail: pj_simpsonhaidaris@urmc.rochester.edu

Le
tt
er
s
to

th
e
E
di
to
r

2986 Letters to the Editor

Int. J. Cancer: 127, 2981–2986 (2010) VC 2010 UICC


