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Fibroblastic Colony-Forming Units and Levels of
Tumor Necrosis Factor and Prostaglandin E2 in Bone
Marrow Cultures from Patients with Advanced
Lung Carcinoma

BACKGROUND. Although alterations of the bone marrow (BM) fibroblast colony-Norma A. Chasseing, Ph.D.1,2

forming cells are involved in the development of diverse hematologic disorders,Raul H. Bordenave, M.D.3

these progenitors still have not been well characterized in patients with solidEduardo O. Bullorsky, M.D.4

tumors.Norma B. Diaz, Ph.D.5

METHODS. The incidence of fibroblast colony-forming units (CFU-F) was evaluatedGerman R. Stemmelin, M.D.4

in the cultures of unseparated and fractionated light density BM mononuclearLia S. Rumi, M.D., Ph.D.1,2

cells (MC) from 25 consecutive untreated lung carcinoma patients (LCP) and 16

normal controls (NC). Unseparated MC also were cultured in the presence of1 Research Member of the Consejo Nacional de
Investigaciones Científicas y Técnicas de la Re- indomethacin (1006 M). Finally, the authors evaluated the spontaneous production
pública Argentina (CONICET), Buenos Aires, Ar- of prostaglandin E2 (PGE2) and tumor necrosis factor-a (TNF-a) in culture condi-
gentina.

tioned mediums of unseparated MC by radioimmunoassay and enzyme-linked
2 Instituto de Biología y Medicina Experimental, immunoadsorbent assay methodology, respectively.
Buenos Aires, Argentina. RESULTS. A decreased number of CFU-F was observed in unseparated and fraction-

ated (adherent and nonadherent) light density MC cultures from LCP compared3 Department of Oncology, Hospital Zonal de
Agudos I. Iriarte, Buenos Aires, Argentina. with NC. When unseparated MC of LCP were treated with indomethacin, a slightly

increase in the number of CFU-F was found. Adherent MC (stromal cells) achieved4 Department of Hematology and Bone Marrow
confluence only in 44% of LCP primary cultures compared with 100% of NC.Transplantation, Hospital Británico, Buenos Ai-

res, Argentina. Overproduction of PGE2 and TNF-a was found in the conditioned mediums of

LCP compared with the mean values obtained in NC (P õ 0.05 and P õ 0.02,5 Hematology Division, Department of Clinical
respectively).Biochemistry, Facultad de Farmacia y Bioquí-

mica, Universidad de Buenos Aires, Buenos Ai- CONCLUSIONS. The lack of confluence and suppression of CFU-F in BM of LCP
res, Argentina. may be related to the increase production of PGE2 and TNF-a. Future investigation

will allow the determination of how these modifications influence tumor cell

growth and will prove if more alterations of the hematopoietic microenvironment

imply a worse prognosis. Cancer 1997;80:1914–9. q 1997 American Cancer Society.

Presented at the XVIII Latinoamerican Congress
KEYWORDS: bone marrow fibroblast, prostaglandin E2, tumor necrosis factor-a,of Physiology Science, Montevideo, Uruguay,
lung carcinoma.April 12–15, 1994; and at I Latinoamerican

Congress of Cytokines, Santiago de Chile, Chile,
November 14–17, 1994. Several reports have shown that most (80–90%) human bone mar-

row (BM)-adherent mononuclear cells (MC) are fibroblasts.1,2 In
Financially supported by the Consejo Nacional

1974, Friedenstein et al.3 introduced the concept of BM fibroblastde Investigaciones Científicas y Técnicas de la
colony formation. More recently, Castro Malaspina et al.2 determinedRepública Argentina.
that such fibroblast colony-forming units (CFU-F) evolve from ex-

Address for reprints: Norma Chasseing, Ph.D., tremely adherent, nonphagocytic, nonproliferating, and relatively ra-
Instituto de Biología y Medicina Experimental, dioresistant progenitors. These stromal cells express fibronectin and
Obligado 2490, 1428 Buenos Aires, Argentina.

Type I, III, and IV collagen and have low density and a wide distribu-
tion of sedimentation rates. Other authors4,5 reported that CFU-FReceived December 16, 1997; revision received

May 21, 1997; accepted June 4, 1997. could be produced from the nonadherent populations of MC.
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Conversely, CFU-F is the only clonal assay that is Pappenheim technique. Afterward, aspirates were di-
luted 1:2 with phosphate-buffered saline (PBS) andavailable for the stromal cell precursor, thus indicating

that CFU-F reflect, at least in part, the proliferative were layered on Ficoll-Hypaque (density of 1.070 g/
cm3). After being centrifuged for 25 minutes at 1500capacity of stromal progenitors in human BM.5 In ad-

dition, fibroblasts alone, and medium conditioned by revolutions per minute (rpm), MC were harvested
from the interface, washed twice in PBS and resus-them in a long term BM culture system, may be

enough to support proliferation of committed progen- pended in an a medium (Gibco) containing 100 IU/
mL penicillin (Gibco), 100 mg/mL streptomycinitors of the myeloid and the erythroid series.6,7

Currently, in vitro studies have demonstrated (Gibco), and 25 mg/mL of amphotericin B (Gibco). The
suspension was counted with 3% acetic acid solutionfunctional abnormalities of the stromal cells in certain

hemophaties such as congenital hypoplastic anemia, and cell viability was determined by trypan blue dye
exclusion.acute and chronic myelogenous leukemia, and myelo-

dysplasia.8–11 Although little is known regarding the The percentage of the fibroblastic nature of cells
that comprised the unseparated MC (d°1070 g/cm3)effect of tumor growth, it was shown that chemother-

apy and radiation can alter the functional integrity of was demonstrated by immunofluorescence method
with a monoclonal antibody against the human b sub-the stroma.12,13

In preliminary studies,14 we have observed that unit of prolyl-4-hydroxylase (P4-H) (Dako Corpora-
tion, Carpinteria, CA). It is known that this active en-only a small number of CFU-F grew in BM collected

from a high percentage of untreated patients with ad- zyme catalyzes the formation of 4-hydroxyproline in
collagen. The antibody used reacts only with fibro-vanced lung and colorectal carcinoma. For this reason,

the current study was especially undertaken to clarify blasts in normal and inflammatory tissue.16,17 Cell
smears were fixed with 50% methanol-50% acetone.the decrease in the cloning efficiency of fibroblast col-

ony-forming cells. We evaluated the number of CFU-F
obtained from unseparated and fractionated light den- CFU-F Assay

CFU-F cells (fibroblasts precursors) were clonally as-sity MC in untreated lung carcinoma patients (LCP).
We also investigated the levels of prostaglandin E2 sayed according to the method of Castro Malaspina et

al.2; 5 1 106 viable unseparated MC, some of which(PGE2) and tumor necrosis factor-a (TNF-a) present
in the BM cultures. Both soluble factors studied have were of a fibroblastic nature, were plated in 25-cm2

tissue flasks (Corning Glass Works, Corning, NY) con-been shown to have an inhibitory effect on fibroblast
growth.15 Results suggest that the increase of PGE2 taining 10 mL of supplemented previously described a

medium and 20% heat-inactivated fetal bovine serumand TNF-a spontaneous release may play an im-
portant role in the regulation of the proliferative ca- (FBS) (cat. number 16000-044; Gibco). The cells were

incubated at 37 7C and in a humidified atmosphere ofpacity of the fibroblastic progenitors.
5% CO2 in air for 7 days. After this period the nonad-
herent cells were removed and the medium was re-MATERIALS AND METHODS

Patients newed. The cultures were returned to incubation for
an additional 7 days. Finally, the medium was dis-BM samples were obtained from 16 normal controls

(NC) and 25 consecutive untreated patients with non- charged and the adherent cells were washed twice with
PBS, fixed with 100% methanol, and stained withsmall cell advanced lung carcinoma of Stages IIIA, IIIB,

and IV disease. The International Union Against Can- Giemsa. Clones of ú50 cells were scored as fibroblast
colonies under a binocular dissecting microscope. Incer TNM classification system was used. The NC and

LCP were age-matched and gender-matched. In- addition, adherent and nonadherent fractions of MC
obtained after 30 minutes of incubation of 5 1 106formed consent was obtained from all the individuals

to participate in these studies. These studies were per- viable MC in T-25 culture flasks were cultured sepa-
rately for CFU-F and the colonies were counted atformed in accordance with the principles of the Decla-

ration of Helsinki. Day 14. We chose 30-minute attachment in a plastic
surface because other authors2 proved that culture of
adherent MC obtained after this time period showedCollection and Preparation of BM Cells

BM samples were collected under local anesthesia a high number of CFU-F at Day 14 that remained sta-
ble even though the MC were adhered for longer timefrom the posterior iliac crest into heparinized saline

(25 units/mL) (Gibco, Grand Island, NY). First, we (60 and 90 minutes, respectively). Unseparated MC
also were cultured in the presence of indomethacinevaluated the composition of BM aspirate smears.

Cells counts were performed after the smears were (1006 M; Sigma, St. Louis, MO). Moreover, in one sam-
ple of each subject, MC that remained attached afterdried, fixed with 100% methanol, and stained with the
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TABLE 160 minutes of incubation were trypsinized with a solu-
Evaluation of the Cellular Composition of the BM from Untreatedtion of trypsin-ethylenediamine tetraacetic acid
LCP and NC(EDTA) (0.05–0.02%, respectively; Sigma) during 10

minutes at 37 7C and counted to evaluate the number (No. of light density MC/10 mL BM aspirate) 1 106

of adherent MC detached after this treatment. It is well
LCP 35.00 NC 30.46known that 80–90% of the normal adherent MC that

54.30 162.00have a fibroblastic nature are detached after this treat-
37.80 277.00ment.2 This enzyme does not modify the viability of
11.75 11.38

fibroblastic colony-forming cells.2 This last experiment 37.50 23.75
was performed after 60 minutes because adherence 5.90 15.00

9.30 20.00for this time period resulted in virtually complete sep-
11.40 16.00aration of fibroblastic precursors.2

11.56 15.00Simultaneously, some primary cultures (5 1 106

38.20 20.00
viable unseparated MC/25-cm2 tissue culture flask) 60.90 16.00
were allowed to grow until confluence to evaluate the 2.36 25.00

5.35 10.00possible relation between the number of CFU-F and
5.16 300.00the number of days that the adherent MC take to
4.10 40.00achieve confluence. The medium was changed every
10.67 150.00

7 days from the initiation of the experiment until Day 11.30
60 or until the cells reached confluence. 11.60

22.28The fibroblastic nature of the adherent MC com-
30.00prising the cultures was demonstrated by immuno-
5.00fluorescence staining with a monoclonal antibody
27.00

against human fibronectin (gift from Dr. A. Korenbliht, 20.00
Instituto de Ingeniería Genetica, Buenos Aires, Argen- 10.00

21.73tina) and cytochemical analyses with alkaline-phos-
Mean { SEM 20 { 3a 70 { 24a

phatase stain.

BM: bone marrow; LCP: lung carcinoma patients; NC: normal controls; MC: mononuclear cells; SEM:
Preparation of Conditioned Medium standard error of the mean.
The unseparated MC (5 1 106) obtained from LCP or The values are expressed as individual values in both groups.

a P õ 0.05.NC were plated in 25-cm2 tissue culture flasks con-
taining 10 mL of a medium, 12.5% FBS, 12.5% heat-
inactivated horse serum (cat. number 16050-130;
Gibco), and 1% antibiotic-antimycotic agent. The cells

variance test due to the proportional relation betweenwere incubated at 37 7C for 7 days. Conditioned medi-
means and variances.ums were obtained by centrifugation at 1000 rpm for

10 minutes and were frozen at 020 7C until use.
RESULTS
Composition of BM AspirateDetermination of PGE2 and TNF-a
The BM smears from LCP showed hypocellularity inPGE2 was measured by radioimmunoassay methodol-
all the hematopoietic and stromal progenitors, withogy (RIA Kit, Dupont, Wilmington, DE) and TNF-a was
the exception of erythroid series, which remained nor-quantified by immunoenzymatic methodology (en-
mal. Morphologic evidence of BM infiltration withzyme-linked immunoadsorbent assay Kit, Dupont).
neoplastic cells was not observed in LCP.Conditioned mediums were used pure and in 1:5 dilu-

tion for TNF-a and PGE2, respectively. The PGE2 assay
detects levels between 2.50–250 pg/mL and TNF-a CFU-F Assay

Table 1 shows that LCP and NC had a significant differ-assay levels between 10–1000 pg/mL.
ence in the number of light density MC/10 mL of BM
aspirate. We also found similar values of the relativeStatistics

All experiments were performed in duplicate. Statisti- percentage of P4-H positive, light density MC (fibro-
blast colony-forming cells) between both groups.cal significance was evaluated by the Student’s t test

(P õ 0.05). Values of the number of light density MC These last values were 10 { 3% and 13 { 6% for LCP
and NC, respectively.per 10 mL of BM aspirate were logarithmically trans-

formed before comparison by one-way analysis of With regard to the cloning efficiency of CFU-F
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FIGURE 1. Evaluation of fibroblast colony formations
and the ability of the stromal components to achieve
confluence. The values are expressed as the mean of
duplicate individual values in both groups, and the sample
mean is indicated by a horizontal bar. Only 44% of lung
carcinoma patients (LCP) had full confluent stromal lay-
ers until Day 60 of mononuclear cell culture whereas
100% of the normal controls had confluent adherent cell
layers. a and b Å P õ 0.01. CFU-F: fibroblast colony-
forming units.

(Fig. 1), we observed that BM of LCP reached lower significantly compared with the mean values obtained
in NC cultures (P õ 0.05 and P õ 0.02, respectively)values than that of NC (P õ 0.01). Fig. 1 also shows

that the BM adherent cells (majority fibroblastic pro- (Table 5).
genitors) of only 44% of LCP could achieve confluence
in primary cultures during the 60 days after the initia- DISCUSSION

During the last 30 years, some studies, both in vivo andtion of MC cultures. Furthermore, these patients pre-
sented with full confluent stromal layers after 28 { 4 in vitro, have focused on the culture characteristics of

BM hematopoietic progenitor cells from patients withdays as opposed to the NC, who took 17 { 1 days (P
õ 0.01) (Fig. 1). In some of the samples of LCP that solid tumors.18,19 However, until now, we have not

been able to find reports that study the structural andhad a lack of confluence, colony incidence was very
low or zero, and the remainder showed clusters as the physiologic characterization of the hematopoietic mi-

croenvironment from untreated patients with solid tu-only or predominant type of clonal growth (data not
shown). mors.

The results presented in this article show that BMIn addition, after 14 days, when the primary cul-
tures treated with indomethacin were completed, the from LCP had a low number of CFU-F compared with

BM from NC. This defective proliferative potential ofquantity of CFU-F in the 68% of LCP samples had
increased compared with the quantity obtained in the fibroblastic progenitors might explain, in most of

the cases, the lack or diminished ability of the adher-nontreated cultures (Table 2). Nevertheless, the mean
value of the number of CFU-F in the LCP group contin- ent stromal components to achieve confluence.

As discussed earlier, stromal cell colonies couldued to be lower than the NC value after indomethacin
treatment (22 { 3 and 72 { 10 CFU-F/5 1 106 MC, be produced from adherent or nonadherent popula-

tions of MC. In our case, both fractions of MC fromrespectively; P õ 0.001). Moreover, Table 3 shows that
CFU-F incidence in the cultures of adherent and non- LCP presented with a lower incidence of CFU-F com-

pared with the values observed in NC. However, whenadherent MC decreased in the BM of LCP compared
with the values obtained in NC (Põ 0.03 in the adher- the unseparated MC from LCP were incubated with

indomethacin, the cultures showed a slight increaseent fraction). However, after 60 minutes of 5 1 106

MC incubation, the cultures of LCP had a number in the number of CFU-F compared with nontreated
cultures. In both groups the cloning efficiency of CFU-Fof adherent MC/flask and a number of trypsin-EDTA

sensitive, adherent MC within the NC range (Table 4). was very heterogeneous, regardless of the culture
treatment and the type of MC (adherent or nonadher-
ent) used.Release of PGE2 and TNF-a from Unseparated MC

The levels of PGE2 and TNF-a released spontaneously Our study in LCP also shows that MC with a fi-
broblastic nature exhibit some of the properties of MCin the conditioned mediums of LCP samples increased
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TABLE 4TABLE 2
Evaluation of the Effect of Indomethacin Treatment on the Cloning Number of Adherent MC after 60 Minutes of Incubation in Plastic

Surface and Evaluation of Trypsin-EDTA Sensitive AMCEfficiency of Fibroblastic Progenitors

LCP NC No. of AMC 1 106

No. of trypsin-EDTA
Time of adherence sensitiveNone Indomethacin None Indomethacin

Group (60 minutes) AMC 1 106a

0 10 70 69
36 45 69 80 LCP 2.75 { 0.88 1.51 { 0.64

NC 1.63 { 0.13 1.50 { 0.2215 1 33 53
8 16 33 35
0 20 57 60 MC: mononuclear cells; EDTA: ethylenediamine tetraacetic acid; AMC: adherent mononuclear cells;

LCP: lung carcinoma patients; NC: normal controls.25 38 46 45
94 43 43 50 The values are expressed as sample mean { standard error of the mean.

a The mononuclear cells (5 1 106) that remained attached after 60 minutes of incubation of T-25 flasks6 16 46 45
152 50 55 68 were trypsinized with a solution of trypsin ethylenediamine tetraacetic acid (0.05–0.02%, respectively)

and counted to evaluate the number of fibroblastic precursors detached after this treatment.0 10 47 43
8 16 76 78
29 27 63 60
22 30 81 85
4 10 83 82 TABLE 5
32 20 191 199 PGE2 and TNF-a Spontaneous Release in Conditioned Medium of MC
0 8 88 100 Cultures from LCP and NC
0 5
10 10

Group PGE2 TNF-a
0 8

(pg/mL)
0 15
160 40

LCP 108 { 28a 294 { 10b

0 15
NC 32 { 15a 260 { 6b

150 42
0 15

PGE2: prostaglandin E2; TNF-a: tumor necrosis factor-a; MC: mononuclear cells: LCP: lung carcinoma
25 35

patients; NC: normal controls.
Mean { SEM 31 { 10a 22 { 3b 68 { 9a 72 { 10b

Values are expressed as sample mean { standard error of the mean.

Prostaglandin E2 and tumor necrosis factor-a were measured by radioimmunoassay and enzyme-
LCP: lung carcinoma patients; NC: normal controls; SEM: standard error of the mean.

linked immunoadsorbent assay, respectively.
Fibroblast colonies are expressed as the number of fibroblastic colony-forming units/5 1 106 mononu- a P õ 0.05
clear cells. b P õ 0.02.
The results of fibroblast colonies represent the mean of duplicate individual values in both groups.
a P õ 0.01
b P õ 0.001.

derived from NC such as adherence, sensitivity to tryp-
sinization, and the presence of b subunit of P4-H anti-

TABLE 3 gen.
CFU-F Incidence in the Adherent and Nonadherent MC Fractions of

Conversely, to clarify some mechanism of the de-BM from LCP and NC
crease of fibroblast proliferative potential, we have

No. of CFU/ No. of CFU-F No. of CFU-F evaluated some of the soluble factors that regulate
Group 5 1 106 MCa of adherent MC of nonadherent MC CFU-F. Stromal MC secrete a variety of substances

capable of regulating several fibroblast functions such
LCP 26 { 13b 13 { 9c 14 { 6

as proliferation and collagen synthesis.20 The stimula-NC 108 { 29b 69 { 19c 39 { 12
tory or inhibitory effect of these mediators may vary
depending on the quantity of the secreted factor, theCFU-F: fibroblastic colony-forming units; MC: mononuclear cells; BM: bone marrow; LCP: lung carci-

noma patients; NC: normal controls. type of fibroblastic progenitor cultured, the area from
Values are expressed as sample mean { standard error of the mean. which the sample was aspirated, and the fibroblast
a Addition of the number of fibroblastic colony-forming units (CFU-F) for the adherent and nonadherent

passage number.20
mononuclear cell (MC) cultures. Both fractions of MC were obtained after 30 minutes of incubation

Our results show high levels of PGE2 and TNF-aof 51 106 MC in T-25 flasks, and cultured separately for CFU-F in 37 7C, 5% CO2 humidified environment

over 14 days. The number of adherent MC after 30 minutes of incubation in plastic was similar in in untreated BM culture conditioned mediums of LCP
both groups (data not shown). compared with NC values. PGE2 has an inhibitory ef-
b P õ 0.05 fect on fibroblast proliferation in serum supplemented
c P õ 0.03.

culture, and this inhibition is correlated with an in-
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survival in vitro induced by human marrow fibroblast factor.crease in intracellular cyclic adenosine monophos-
Brit J Haematol 1981;48:117–21.phate levels that are reversible with inhibitors of

8. Ershler WB, Ross J, Finlay JL, Shahidi NT. Bone marrow
cyclooxygenase-like indomethacin.20,21 Our results microenvironment defect in congenital hypoplastic anemia.
with CFU-F obtained in some patients using unsepa- N Engl J Med 1980;302:1321–7.

9. Hirata J, Katsuno M, Kaneko S. Clinical significance of hu-rated MC cultures treated with indomethacin are in
man bone marrow stromal cell colonies in acute leukemias.accordance with this observation. However, some pa-
Leuk Res 1986;12:1441–5.tients had low levels of PGE2 and had a significant

10. Takahashi M, Keating A, Singer JW. A functional defect in
decrease of fibroblast proliferation and a lack of con- irradiated adherent layers from chronic myelogenous leuke-
fluence capacity. This last observation could be due mia long-term marrow cultures. Exp Hematol 1985;13:926–

31.to the inhibitor effect of TNF-a or another suppressing
11. Coutinho LH, Geary CG, Chang J, Harrison C, Testa NG.factor. Kovacs 15 reported that TNF-a acts as both a

Functional studies of bone marrow haematopoietic andgrowth inducer and inhibitor. At low concentrations
stroma cells in the myelodysplastic syndrome (MDS). Br J

it stimulates fibroblast proliferation and at higher lev- Haematol 1990;75:16–25.
els it blocks growth triggered by FBS or other cytokines 12. Testa NG, Hendry JH, Molineux G. Long term bone marrow

damage in experimental systems and in patients after radia-such interleukin-1 and platelet-derived growth factor.
tion or chemotherapy. Anticancer Res 1985;5:101.It also is feasible that elevated levels of TNF-a released

13. Knospe WH. Long term bone marrow damage after irradia-by stromal macrophages could increase the PGE2 pro-
tion. In: Testa NG, Gale RP, editors. Hematopoiesis: long

duction by fibroblasts or macrophages.22,23 Therefore, term effects of chemotherapy and radiation. New York: Mar-
the previous results support the theory that spontane- cel Dekker, 1988:93–130.
ous overproduction of TNF-a and PGE2 produced by 14. Chasseing NA, Sánchez Negrete MG, Fernández O, Borde-

nave RH, Rumi LS. Formación in-vitro de unidades forma-stromal cells can decrease the growth of fibroblast col-
doras de colonias fibroblásticas en medula ósea de pacientesonies in the majority of LCP. Further studies are re-
con tumores sólidos. Sangre (Barc) 1992;37:129–31.quired to clarify the complex process involved in fi-

15. Kovacs EJ. Fibrogenic cytokines: the role of immune media-
broblast proliferation inhibition or decrease. tors in the development of scar tissue. Immunol Today

Finally, although it appears clear that functional 1991;12:17–23.
16. Hoyhtya M, Myllyla R, Siuva J, Kivirikko KI, Tryggvason K.abnormalities in the fibroblast progenitors exist in

Monoclonal antibodies to human prolyl 4- hydroxylase. EurLCP, it is not known to what extent such modifications
J Biochem 1984;141:477–82.contribute to the development and/or progression of

17. Janin A, Konttinen YT, Gronblad M, Karhunen P, Gosset D,
this tumor. Malmstrom M. Fibroblast markers in labial salivary gland

biopsies in progressive systemic sclerosis. Clin Exp Rheuma-
tol 1990;8:237–42.REFERENCES
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