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To the editor:

A potential role for leukemia inhibitory factor in the increased clonogenicity
of human fetal progenitor cells

Arecent report by Shih et al demonstrates the ex vivo expansion of We therefore wish to suggest that the expansion effect described by
human fetal CD34, thy-1* hematopoietic progenitors in the Shih etal may rely on the supraphysiologic levels of LIF in their stromal
presence of a leukemia inhibitory factor (LIF)—induced, murineell culture system that in turn lead to the elaboration of an expansion
stromal cell-derived factér.The authors show that expandedpromoting activity. Moreover, it remains to be determined, whether in
progenitor cells retain their immature immunophenotype in vitraddition to the induction of SCEPF in murine stroma, human LIF used
and that the engraftment capacity in murine transplantation modatsanogram concentrations has an independent effect on the expansion
is preserved. In this and their previous report, they allude to tleéhuman fetal progenitors. Taken together, the augmented production of
potential utility of such an expansion promoting factor (SCEPF) inlF by cord blood mononuclear cells may directly and/or indirectly
the clinical arena, including the transplantation of stem cells fronmnderly the increased in vitro and in vivo clonogenicity of cord blood,
cord blood! 2 compared to adult PBMC.

In their experiments, a given LIF concentration of 10 ng/mL
results in the production of a LIF-induced expansion promoting Peter Kurre
factor by the murine stromal cell line AC 6.21. They do not report Frgd Hqtchinson ancer Research Center and the Department of Pediatrics
how this concentration was determined to be optimal, nor do they gg;‘g:’%szas"’”gm”
report whether a dose response relationship between LIF concentra- '
tionin AC 6.21 stromal cell culture and the magnitude of expansion Stefan Burdach
was observed. The experimental design did not seem to address &ePatment of Pediatrics and BioCenter

K . . University of Halle-Wittenberg
potential direct effect of human LIF, in the dose range used, on Halle, Germany
CD34", thy-1" progenitors in culture, as control studies with
LIF-neutralizing antibody were not conducted.

Based on our own experiments, levels of LIF protein in
unstimulated adult peripheral éa 6) and neonatal umbilical cord
blood (n= 13) are at the limit of detection when measured by
enzyme linked immunoadsorbant assay (ELISA) and are, therefore,
several orders of magnitude below the concentration used by the
authors. A significant rise in LIF protein levels, however, can be
effected by stimulation of mononuclear cells, especially those
derived from cord blood. Combined activation with anti-CD3 and
IL-2 leads to a more than 20-fold increase in LIF production by
cord blood mononuclear cells, compared to a 7-fold increase seen
with adult PBMC (Figure). This effect is blunted (4- and 5-fold
increase, respectively) after monocyte (CD14) depletion, suggest-
ing that T cell-monocyte interaction is required. Stimulation with
interferony, tumor necrosis factat, interleukin-13, or lipopolysa-
charide results in moderate 2- to 3-fold increased LIF production
by cord blood derived mononuclear cells.

Other groups have demonstrated the markedly increased clono-
genicity of cord blood-derived progenitors and its expansion
potential upon addition of LIF to culture conditiohst At least in
the murine model, LIF-induced expansion of progenitors appears to Adult PBMC
be based on the increased production of more primitive progenitQL$eis of LiF protein measured by ELISA.
with greater replicative potential.

Supported by grants from the Deutsche Krebshilfe
(W 11/94 Bu2) and the Elterninitiative Kinderkrebsklinik eV.
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Stimulation with mouse anti-CD3
monoclonal antibody and interleukin-2 was carried out in liquid culture over 72 hours.
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Leukemia inhibitory factor does not have a direct effect on the expansion of
transplantable human hematopoietic stem cells

We thank Drs Kurre and Burdach for their interesting comments 2. Whether there is a potential direct effect of human LIF, in the
about the possibility that leukemia inhibitory factor (LIF) mightdose range used (10 ng/mL), on CD3thy-1" progenitors in
have a direct effect on the expansion of human fetal progenitoulture.We have 3 sets of data that argue against the notion that LIF
cells. We would like to take this opportunity to address thosmight have a direct effect on CD34hy-1" progenitors. First, as
concerns that have been raised by Drs Kurre and Burdach: we have shown in a previous repérthere is no significant

1. Whether a dose response relationship between LIF concenteifference in the ability to support proliferation and differentiation
tion in AC6.21 stromal cell culture and the magnitude of expansiaf CD34* thy-1* progenitors between the stromal cultures treated
was observedefore we began to collect hundreds of liters of stromakith either 10 ng/mL of human LIF or murine LIF, the latter of
conditioned medium from LIF-treated cultu@CM-LIF) for protein  which cannot bind to the human LIF receptor. This result demon-
purification, we asked ourselves whether the amount of LIF in thgrates that the action of LIF is indirect and mediated via the
stromal cell culture could be reduced without losing the stem-celitromal cells to facilitate ex vivo expansion of transplantable
expansion promoting factor (SCEPF) activity. Experiments wetgiman fetal BM CD34 thy-1* cells. Since CD34 thy-1* cells
performed in our laboratory to determine the minimal concentrgespond very similarly to both human LIF (which can bind to
tion of LIF for the production of SCEPF. SCM-LIFs were prepareluman and mouse LIF receptor) and murine LIF, suggesting that
from stromal cell cultures treated with various amounts of LIF anguman LIF does not directly have any significant effect on CD34
assayed for SCEPF activity as previously descrit®e@ur results  thy-1+ cells proliferation and differentiation. Second, as we have
demonstrate that there is a dose response relationship betweendHbwn in another repottcells with CD34 thy-1* phenotype can
concentration in AC6.21 stromal cell culture and the magnitude pg detected only in the positive control culture (treated with 200%
expansion (Table). There is no detectable SCEPF activity in thgM-LIF) and not in any other culture conditions treated with
SCM-LIFs when the stromal cell cultures were treated with lesg)09s stromal conditioned medium from cultures in the absence of
than 50 pg/mL of LIF. SCEPF activity in the SCM-LIFs is| |F (SCM), 10 ng/mL LIF, and various combinations of cytokines
proportionally increased when the concentration of LIF in th(ﬁduding interleukin-3, interleukin-6, granulocyte macrophage
stromal cell cultures is increased from 50 pg/mL to 500 pg/mL. Théony-stimulating factor, stem cell factor, fit-3 ligand, and throm-
SCEPF activity in the SCM-LIFs is saturated when the concentrggpoietin. These results further suggest that LIF does not have a
tion of LIF is higher than 500 pg/mL. We now routinely use 50Qjirect effect on expansion of human fetal CD3#ty-1+ cells even
pg/mL as the optimal dose of LIF in our stromal-basetturesystem gt concentrations as high as 10 ng/mL. Third, to further rule out a

and for preparation of SCM-LIFs for SCEPF protgimification. direct role of LIF in facilitating ex vivo stem cell expansion, control
studies with neutralizing antibody against LIF were conducted. Our
Dose response of LIF on the production of SCEPF by stromal cells data demonstrated that the production of murine LIF is up-
LIF Doses Frequency of CD34+ Percentage of regulate_d by the stromal cel_ls in the presence of 10 ng/mL of either
in Stromal Cultures thy-1+/Positive Wells* cD34+ Thy-1* cellst ~ recombinant human or murine LIF (data not shown). Although the
10ng 100% (10/10) 153 concentrathn of murine LIF was r_wqt o!etectable by_ EL!SA (R&D
5ng 100% (10/10) 15+ 4 Systems, Minneapolis, MN; sensitivity is 50 pg/mL) in either SCM
25ng 100% (10/10) 15+5 or SCM-LIF, we were able to demonstrate a 3-fold increase in LIF
1ng 100% (10/10) 15 + 4 expression in the LIF-treated AC6.21 cells by RT-PCR (data not
500 pg 100% (10/10) 14+5 shown). SCM-LIF was prepared from stromal cultures treated with
250 pg 60% (6/10) 8+3 500 pg/mL recombinant human LIF (R&D Systems). The concen-
100 pg 20% (2/10) 3.6and 2.6 tration of residual human LIF in the SCM-LIF was then determined
50pg 0% (0/10) NIA to be in the range of 200-250 pg/mL by ELISA. CD3dhy-1* cells
25 pg 0% (0/10) N/A

purified from human fetal BM were cultured on 200% SCM-LIF
for 3 weeks in the absence or presence of 0.1 to 10 pug/mL of

Stromal conditioned mediums (SCMs) were prepared from stromal cultures  neutralizing antibody against human LIF (R&D Systems) as
treated with various doses of LIF. Preparation of SCM and the assay for the SCEPF previously describedWe found similar results including 100% of
activity in the SCMs were performed as previously described.!2 o

*A well is scored as CD34" thy-1*/positive only if it has detectable (>1%) of wells (20 of 20) that were CD3L4thy'1+/p05|tlve and an average of
CD34* thy-1* cells in the well. Numbers in parentheses indicate the total number of 9% (9 2) of CD34 thy-1* cells in each well, for all culturéscluding
CD34* thy-1*/positive wells divided by the total number of wells analyzed in the positive control (200% SCM-LIF without neutralizing antibody)
experiments. . . .

p1“Data is presented as the mean = SD of the total number of CD34* (data not shown). This result shows that ex vivo stemeogiansion

thy-1*/positive wells in each culture condition. N/A indicates not applicable. was not affected by the addition of various concentrations (0.1, 1,

10 pg 0% (0/10) N/A
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and 10 pg/mL) of neutralizing antibody against human LIF to thieelieved that production of many cytokines other than LIF will be
cultures in both the frequency of CD34hy-1*/positive wells and increased by CB mononuclear cells with various stimulation. To
the percentage of CD34thy-1* cells in the wells. This result prove the concept that the augmented production of LIF by CB
demonstrates that neutralizing antibody against LIF cannot blootononuclear cells may directly and/or indirectly underly the
the ex vivo stem cell expansion facilitated by the SCEPF activity increased in vitro and in vivo clonogenicity of CB, as compared to
the SCM-LIF and suggests that LIF does not contribute directly &dult PBMC, it will be required to establish the panel of cytokines
the SCEPF activity in the SCM-LIF. Taken together, our results dehose production have been up-regulated and to rule in or rule out
not support the notion that LIF might have a direct role ithe contribution of these cytokines including LIF for the activity
facilitating ex vivo expansion of hematopoietic stem cells. to increase in vitro and in vivo clonogenicity of CB mononuclear

3. Whether the augmented production of LIF by cord blood (CBglls.

_mononuclgar _ceIIs may _dlrectly and_/o_r indirectly underly the Chu-Chih Shih and Stephen J. Forman

increased in vitro and in vivo clonogenicity of CB, as compared to  psion of Hematology/Bone Marrow Transplantation

adult peripheral blood mononuclear cells (PBMO)s Kurre and City of Hope National Medical Center

Burdach have presented their data to demonstrate that there is &uarte, CA

higher production (2- to 3_f0|d)_ of Ll_F by _the CB mononUCIear Supported by National Cancer Institute grants NCI PPG CA 30206, NCI CA
cells than the adult PBMC during stimulation from interfergn 33572, and NCI CA 71866.

tumor necrosis factory, interleukin-B, or lipopolysaccharide.

Combined activation with anti-CD3 and interleukin-2 leads to a

more than 20-fold increase in LIF production by CB mononuclear

cells, compared to a 7-fold increase seen with adult PBM®eferences
This effect is blunted (4- and 5-fold increase, respectively) aftet. shihcc, HuMC, Hu J, Medeiros J, Forman SJ. Long-term ex vivo mainte-
monocyte (CD14) depletion, suggesting that T-cell-monocyte nance and expansion of transplantable human hematopoietic stem cells.
interaction is required. It is interesting to note the correlation of 5 °0% 1999:94:1623-1636. , ‘

. . . . . 2. Shih CC, Hu MC, Hu J, et al. A secreted and LIF-mediated stromal cell-derived
their data with several preV|oust pUb“Shed reports, SUQQeStmg activity that promotes ex vivo expansion of human hematopoietic stem cells.
that LIF might involve expansion of more primitive progenitors  Blood. 2000;95:1957-1966.
with greater replicative potenti&® But many lines of evidence 3. Broxmeyer HE, Hangoc G, Cooper S, Ribeiro RC, Graves V, Yoder M, Wagner
do ot support this notion. First, many studies have revealed J,yesh-5 eminger L hsten o o7 Srovt cuactrites
ontogeny-associated differences in a variety of functional attributes transplantation in adults. Proc Natl Acad Sci USA. 1992;89:4109-4113.
of stem-cell proliferation and differentiation in both in vivo and in 4. Gabutti v, Timeus F, Ramenghi U, Crescenzio N, Marranca D, Miniero R, Cor-
vitro settings®® It has been recently demonstrated that long-term ?oe:;ggl.:tirzsgggﬁjt.;;Esﬁg?xR:flgg?llcg)l?pzﬁozgirg;oignd use for hema-
engrafting cells were approximately enriched in CB CD®#lls 5. Imamura M, Zhu X, Han M, Kobayashi M,’Hashino S, Tanaka J, Kobarashi S,
8-fold more than in adult PBMC CD34cells, and each CB Kasai M, Asaka M. In vitro expansion of murine hematopoietic progenitor cells
long-term engrafting cell had an approximately 15-fold higher f’nya'ti.“kfg”;ié‘-izlh-ifz“é’é.ylfigg’“ stem cell factor, and interleukin-1 beta. Exp He-
mUItIImea_ge _prpllferatl\_/e _capaglffy.Thus the_se results Squ(?Stve. Holyoake TL, Nicolini FE, Eaves CJ. Functional differences between trans-
that an intrinsic qualitative difference might be responsible plantable human hematopoietic stem cells from fetal liver, cord blood, and adult
for the remarkable difference between these 2 sources of stem/marrow. Exp Hematol. 1999;27:1418-1427.
progenitor cell> Second, LI is a plotropic cytokine with 7 WSt sl L8 e e e
distinct hematopoietic activities. In vivo treatment of mice with blood as measured bythz quantitative in vivo SCID-repopulating ceI‘IJasgay.
recombinant murine LIF induces thrombocytosis and increases the Blood. 1997;89:3919-3924.
number of hematopoietic progenitor cells in spleen and bon& LeungW, Ramirez M,Civir_1_C|.Qua_ntityand quality_ofengrafting cells in cord
marrow? It has been further determined that in vivo treatment with ';:Zﬁf i;g:;‘gg’%%“s mobilized peripheral blood. Biol Blood Marfow Trans-
LIF expands the number of committed progenitor cells an@. Estrov Z, Talpaz M, Wetzler M, Kurzrock R. The modulatory hematopoietic ac-
BM-repopulating cells that accelerate short-term hematopoietic tivities of leukemia inhibitory factor. Leuk Lymphoma. 1992;8:1-7.
reconstitution without increasing radioprotectf@ﬁ[hese data do 10. Pruijt JF, Li_ndley IJ,_ ngmskerk DP, Willemze R, Fibbe WE. I._eukemia inhibi-
not support a direct role for LIF as a single factor for promoting tory factor induces in vivo expansion of bone marrow progenitor cells that ac-

| C — o celerate hematopoietic reconstitution but do not enhance radioprotection in le-
expansion of hematopoietic stem cells in vivo. Third, it is generally thally irradiated mice. Stem Cells. 1997;15:50-55.




