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Adenoviral supply of active
transforming growth factor-beta1
(TGF-beta1) did not prevent lethality
in transforming growth factor-beta1-
knockout embryos

In TGF-beta1-knockout mice, TGF-beta1-null conceptuses die during embryonic

development with a penetrance of lethality that depends on the mouse genetic

background. Studies have suggested that transplacental passage of maternal

TGF-beta1 could account for the rescue of some TGF-beta1-null embryos.
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Herein, we have used an adenovirus-based gene delivery system and a strain of

mice where most TGF-beta1-null conceptuses die prior to parturition, to

investigate whether an increase in maternal TGF-beta1 during pregnancy would

rescue TGF-beta1-null embryos. A single intravenous injection of an adenovirus

containing a modified version of TGF-beta1 cDNA (Ad-TGF-beta1S223/S225),

coding for a biologically active form of the cytokine, induced a 20-fold increase

in plasma TGF-beta1 (active and latent forms) levels for up to 3 months in adult

mice. Similar levels of TGF-beta1 were detected in 13-day post coïtum (dpc)

embryos from Ad-TGF-beta1-treated mothers, demonstrating an efficient

maternal/fetal transfer of the cytokine. However, no increase in the frequencies

of TGF-beta1-null neonates nor in day 11.5 dpc TGF-beta1-null conceptuses was

observed despite elevated levels of TGF-beta1 delivered throughout gestation.

In addition, we show that the high levels of TGF-beta1-titrated in the plasma

from Ad-TGF-beta1S223/S225-treated mice were partly the consequence of a

stimulation of an autocrine production by exogenous bioactive TGF-beta1.

These results indicate that transplacental passage of TGF-beta1 was not

effective in rescuing TGF-beta1-null conceptuses from embryonic lethality.

INTRODUCTION

Transforming growth factor-beta1 (TGF-beta1) is a ubiquitous cytokine

belonging to a large family of structurally-related polypeptides involved in many

cellular processes [1]. In the adult, TGF-beta1 is essentially a molecule that

negatively regulates immune and inflammatory responses by inhibiting the

proliferation of hematopoietic cells (for review see [2]). This function has been

definitively demonstrated by lethality in TGF-beta1-knockout mice which

succumb about 20 days after birth, from an acute wasting syndrome

accompanied by an excessive infiltration of several organs by lymphocytes and

macrophages [3, 4]. Biological actions of TGF-beta1 also include positive and

negative regulation of extracellular matrix formation, osteogenesis,

angiogenesis, cell differentiation and tumor progression [5, 6]. During

embryogenesis, TGF-beta1 has been detected as early as the four-cell stage

embryo [7, 8] and its role has been validated by the marked embryonic lethality in

TGF-beta1-null embryos. The prenatal lethality is due to two different TGF-beta1

functions during embryogenesis: a requirement for pre-implantation

development and an effect on yolk sac hemangioblasts, the precursor cells of
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endothelial and hematopoietic lineages [9-11]. In TGF-beta1-knockout mice, it

was noticed that the proportion of TGF-beta1-null embryos reaching parturition

was markedly reduced, but that TGF-beta1-null neonates did not exhibit obvious

developmental defects [3, 4]. This led to the hypothesis that some TGF-beta1-

null embryos could be rescued by transplacental passage of maternal TGF-beta1

[12] or other members of the TGF-beta1 family. Subsequent reports have

demonstrated that the extent of embryonic lethality was influenced by the

genetic background of the intercrosses, suggesting a role of additional genetic

factors. Using a genetic approach, a major codominant modifier gene for embryo

lethality has been mapped on chromosome 5 [13]. The gene product is as yet

unknown but it does not seem to act as a regulator of the level of maternal TGF-

beta1 since lethality in TGF-beta1-null embryos could not be rescued by

implantation into wild-type pseudopregnant females [10]. Thus, it seems likely

that this gene may code either for a redundant molecule capable of replacing

TGF-beta1 during embryogenesis or for a molecule which modifies the response

to maternal TGF-beta1 [10].

TGF-beta1 is secreted by most cell types as part of a large multiprotein

precursor complex in a biologically inactive form, called latent protein [14, 15]. In

vivo, active TGF-beta1 is released from the complex by several proteins,

including the multifunctional glycoprotein thrombospondin-1 [16, 17], plasmin

[18] and some integrins [19]. Thus, conversion from the latent precursor

molecule to the biologically active form is a key step in the regulation of TGF-

beta1 biological activity. This activation occurs directly in situ but its precise

regulation is still poorly understood. To determine if a defect in the activation of

maternal TGF-beta1 could explain lethality in TGF-beta1-null embryos, we

injected a recombinant adenovirus encoding for an active form of TGF-beta1 into

heterozygote TGF-beta1 females which were mated with heterozygote TGF-

beta1 male mice and we studied the frequency of birth of TGF-beta1-null

embryos. Despite the presence of elevated levels of active TGF-beta1 in the

pregnant females and in the embryos, the lethality in TGF-beta1-null embryos

was not modified. This result suggests that the product of the genetic modifier

of embryonic lethality does not appear to be a molecule acting on the activation

of TGF-beta1 and may more likely be a redundant molecule for endothelial cell

differentiation.

MATERIALS AND METHODS
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Animals

Heterozygous TGF-beta1 mice with a C57Bl/6 genetic background were kindly

received from Dr. A. Kulkarni (NIH, Bethesda, MD, USA) [4]. Control C57Bl/6J mice

were purchased from Iffa Credo (L'Arbresle, France). Mice were bred at the

Institut Gustave Roussy animal facilities under specific pathogen-free

conditions. Mice injected with the adenovirus vectors were kept in a negatively

pressurized isolator as recommended.

Genotyping

Tail tips from 10 day-old pups were digested overnight at 56° C in 0.5 ml of lysis

buffer (50 mM Tris pH8, 20 mM EDTA, 0.5% SDS, 150 mM NaCl) plus 1 mg/ml of

proteinase K. DNA was phenol/chloroform extracted and precipitated in 100%

ethanol. An aliquot of DNA (500 ng) was used in a 50 mul polymerase chain

reaction (PCR) to amplify either the normal TGF-beta1 allele or the mutated one.

To amplify the normal allele, oligonucleotides were derived from the deleted

portion of exon 1 5'-GGTCACCCGCGTGCTAATGG-3' and from intron 1 5'-

GAGAGTAAGCCCACTAGAG-3' to give a 529 base pair product. To amplify the

targeted allele, oligonucleotides were derived from exon 1 5'-

ATGGAGCTGGTGAAACGGAA-3' and from the phosphoglycerate kinase promoter

5'-TCCATCTGCACGAGACTAGT-3' to give a product size of 375 base pairs. The

reaction mixture was amplified by 35 cycles as follows: denaturation for 5 min at

94° C, annealing for 30 sec at 55° C and extension at 72° C for 30 sec in a

thermocycler 2,400 (Perkin Elmer Co, Courtab�uf, France). PCR products were

loaded on 2% agarose gel and visualized by ethidium bromide staining.

Adenovirus encoding biologically active TGF-beta1

The recombinant adenovirus encoding TGF-beta1, a kind gift from Dr. P.. Moullier

(Nantes, France), has been described previously [20]. Briefly, the El and E3

regions of the adenovirus vector were deleted and carried a thermosensitive

mutation in the E2a region. Cysteine residues located at amino acid positions

223 and 225 in the pro region of the TGF-beta1 precursor were changed to a Ser

codon by site-directed mutagenesis resulting in the secretion of biologically

active TGF-beta1 [21]. The mutated cDNA was placed under the transcriptional

control of the CMV promoter (Ad-TGF-beta1 ). An empty vector was usedS223/S225
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as a control. Recombinant adenoviruses were titered on 293 cells using plaque-

forming unit (pfu) assays and are expressed as pfu/ml.

Determination of TGF-beta1-level

Blood was collected on EDTA anticoagulant. Plasma was prepared by 2

successive centrifugations (5 min, 5,000 rpm at room temp) and stored at - 20°

C until use. Embryos were individually collected in an eppendorf tube and

centrifuged for 10 min at 13,000 rpm to extract the fluid contained in the bodies.

Fluids were stored at - 20° C until use. An enzyme linked immunosorbent assay

(ELISA) kit (TGF-beta1 Emax TM Immunoassay System, Promega) which detects

only the active form of TGF-beta1 was used accordingly to the manufacturer's

recommendations. Levels of TGF-beta1 were determined before (only the

spontaneously active form) and after acidification (active and latent forms). For

acidification, 1 mul of 1N HCL was added to 50 mul diluted samples (1:5 in

Dulbecco's phosphate-buffered saline (DPBS, Gibco); samples were incubated

at room temperature for 15 min and neutralized by addition of 1 mul of 1N NaOH.

The sensitivity of the ELISA was 32 pg/ml of active TGF-beta1.

Culture of embryo fibroblasts and Ad-TGF-beta1-infection

Primary fibroblast cultures were derived from day-13 conceptuses obtained from

heterozygote intercrosses. Part of the embryo body was used to prepare DNA for

PCR genotyping. Cell suspensions were prepared by trypsinization. Cells (2 x

10 /ml) were seeded in 12-well plates in 2 ml alpha minimal essential medium

(alpha-MEM, Gibco, BRL) supplemented with penicillin, streptomycin and 10%

fetal bovine serum (FBS). When cells reached semi-confluence, they were

infected with 50 pfu/cell of Ad-TGF-beta1  or mock vector over 24 hours,

after which time the medium was changed and replaced by alpha-MEM

containing 2% FBS. Infected cells were incubated for an additional 48 hours and

96 hours prior to supernatant collection.

RESULTS

TGF-beta1-production in Ad-TGF-beta1 -treated mice

To assess TGF-beta1 production, a dose-response study was first performed in

adult C57BL/6 mice. Groups of 15 mice were injected intravenously with different
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doses of Ad-TGF-beta1 . At time points indicated (Figure 1), the plasma

from 3 mice were assayed by ELISA after acidification to monitor the increase in

level and the duration of TGF-beta1 production. At the dose of 1 x 10  pfu of virus,

none of the mice survived beyond 5 days. Lower doses were not detrimental to

the animals and led to a 4- to 7-fold increase in plasma TGF-beta1 that persisted

for several weeks. A study was next performed with adult heterozygote TGF-

beta1 mice, which revealed that the same doses of Ad-TGF-beta1

yielded similar results (data not shown). In 10 day-old pups injected

intraperitoneally, the maximal non-lethal dose was 2 x 10  pfu per mouse. Fifteen

days after injection, blood samples were collected and levels of TGF-beta1 were

determined prior to and after acidification. As illustrated in Figure 2, no active

TGF-beta1 was detected in the plasma from untreated controls, while 2.5 ± 0.5

ng/ml of TGF-beta1 was detected after acidification (n = 5). In contrast, active

TGF-beta1 was readily detectable at a mean concentration of 3 ng/ml (range =

1.6-7 ng/ml) in non-acidified plasma from Ad-TGF-beta1-treated pups (n = 5) and

the total amount of TGF-beta1 (latent + active forms) was found to have

increased 12-fold. The elevation in plasma TGF-beta1 levels was related to the

transgene expression since no increase in TGF-beta1 levels was seen in plasma

from mice infected with 2 x 10  pfu of empty Ad-vector (Figure 2). These data

indicate that injection of mice with a recombinant adenovirus encoding the

mutated form of TGF-beta1 resulted in the detection of active TGF-beta1 in the

circulation, but also in a massive augmentation of latent TGF-beta1.

TGF-beta1-is transferred from mother to fetuses

To assess whether maternal TGF-beta1 derived from the recombinant

adenovirus would cross the maternal/fetal barrier and diffuse into the fetuses,

females were i.v. injected with 2 x 10  pfu of virus 48 hours before mating.

Animals were sacrificed on day 13 post coïtum and embryos were harvested.

Plasma from mothers and fluids prepared from dissected individual embryos

were tested for the presence of TGF-beta1 by ELISA prior to and after

acidification. Without acidification of the samples, active TGF-beta1 was

detected in mothers' plasma (3 ± 1 ng/ml; n = 8) and embryo fluids (2.2 ± 0.6

ng/ml; n = 17) at similar levels (Figure 3). In addition, the levels of latent TGF-

beta1 were highly elevated in mothers' plasma (45.2 ± 8.3 ng/ml), as well as in

embryos fluids (36.4 ± 6.8 ng/ml). To ensure that the presence of active TGF-

beta1 in embryo fluids was not the result of an activation of latent TGF-beta1

during the preparation process, experiments were carried out with embryos

S223/S225
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harvested from untreated mothers. In every sample (n = 8), active TGF-beta1

was detectable but at a mean concentration of 460 pg/ml (range = 270-700

pg/ml) which was 3- to 8-fold lower than in embryos taken from treated mothers.

In addition, the levels of total TGF-beta1 in these samples never exceeded 6

ng/ml, a measurement in sharp contrast to the mean concentration of 36 ng/ml

found in embryos taken from mothers injected with Ad-TGF-beta1. Together,

these data indicate that the protein encoded by adenovirus vector crossed the

placental barrier and diffused into the fetuses.

Maternal transfer of active TGF-beta1 did not reduce embryonic lethality in

TGF-beta1-null embryos

To analyze whether a continuous delivery of active TGF-beta1 during pregnancy

would improve the frequency of birth of TGF-beta1-null pups, heterozygote

females were injected with 2 x 10  pfu of Ad-TGF-beta1  before mating.

Overexpression of TGF-beta1 did not impair fertility since no significant

difference was seen in the number of litters or neonates per litter (5 to 7

pups/litter). PCR was used to analyze the genotypic frequency of the progeny.

The results (Table 1) show that the frequency of birth of TGF-beta1-null pups

was not improved since the ratio in each genotype class remained unchanged as

compared to untreated mothers (< 1% TGF-beta1-null pups). Since TGF-beta1 is

required for yolk sac hematopoiesis and endothelial differentiation [9-11], we

next asked whether delivery of active TGF-beta1 would improve the

development of TGF-beta1-null conceptuses. Genotype analysis was performed

on 11.5 dpc conceptuses from Ad-TGF-beta1-treated heterozygote or untreated

females intercrossed with heterozygote males. Out of 60 conceptuses from Ad-

TGF-beta1-treated mothers analyzed, 18 were wild-type, 40 were heterozygote

and 2 were homozygote. A comparable proportion was seen in embryos from

untreated mothers. Together, these results indicate that transplacental

passage of biologically active TGF-beta1 was ineffective at rescuing TGF-beta1-

null conceptuses from embryonic lethality.

Autocrine stimulation of TGF-beta1-synthesis by Ad-TGF-beta1

In mice injected with the Ad-TGF-beta1 , a dramatic elevation in the

plasma levels of latent TGF-beta1 was observed suggesting that the active

protein could modulate its own synthesis in the body. To tackle this question,

embryonic fibroblasts from wild-type or TGF-beta1-null embryos were infected

8 S223/S225
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with 50 pfu of Ad-TGF-beta1 /cell or empty vector. Uninfected cultures

served as controls. Culture supernatants were collected at 48 hours and 96

hours and concentrations of active and latent TGF-beta1 were determined

before and after acidification (Figure 4). TGF-beta1-was barely detectable in

acidified supernatants from control, uninfected cultures or in cultures infected

with the empty adenovirus vector. In contrast, active TGF-beta1 was readily

detectable at similar levels (0.2 ng/ml) in 96 hours post-infection supernatants

from wild-type and TGF-beta1-deficient cultures. Following acid treatment, the

mean level of TGF-beta1 was increased 12-fold (3 ± 1 ng/ml) in supernatants from

wild-type cultures, whereas only a 5-fold increase (1.3 ± 0.6 ng/ml) was

measured in TGF-beta1-deficient cultures. Since no endogenous TGF-beta1 is

synthesized by TGF-beta1-null fibroblasts, the total amount of TGF-beta1 found

in supernatants represents the synthesis yielded by the vector. In wild-type

cultures, 3-fold greater activity was reproducibly observed. These observations

are thus consistent with a potent autostimulatory effect of the biologically

active protein on TGF-beta1 synthesis.

DISCUSSION

In this report, we evaluated the use of an adenovirus-based delivery of bioactive

TGF-beta1 to rescue TGF-beta1-null conceptuses from prenatal lethality. Data

presented here demonstrate that treatment of mice with a single intravenous

injection of 2 x 10  pfu of Ad-TGF-beta1  led to a potent and long-lasting

expression of the transgene, resulting in a 20-fold increase in plasma TGF-beta1

(active and latent forms) and an efficient transplacental transfer of the cytokine

from mothers to fetuses. However, no rescue of TGF-beta1-null conceptuses

was observed.

Studies with TGF-beta1-knockout mice have revealed the important role played

by TGF-beta1 during embryogenesis leading to more or less penetrant lethality in

TGF-beta1-null embryos [9-11, 13]. Furthermore, it has been demonstrated that

the penetrance of the lethal phenotype is directly influenced by the genetic

background of the intercrosses, with 50% lethality in certain strains of mice to

nearly complete lethality in the C57Bl/6 background [9, 10, 13]. To explain the

variable penetrance of the lethal phenotype of the TGF-beta1-null embryos, it

has been suggested that varying levels of transplacental transfer of maternal

TGF-beta1 or other TGF-betas could account for the rescue of some null

embryos during embryogenesis [3, 9, 12]. However, this hypothesis was ruled out

S223/S225

8 S223/S225
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by embryo transfer experiments showing that transfer of two-cell conceptuses

obtained from heterozygote TGF-beta1 crosses into pseudogestant wild-type

mothers did not reduce the degree of TGF-beta1-null embryonic lethality [10].

Our data are in accordance with the results from Kallapur et al. [10], and further

support the notion that maternal TGF-beta1 does not play a significant role in

rescuing TGF-beta1-null conceptuses. Indeed, we show that treatment of mice

with an adenovirus encoding a biologically active form of TGF-beta1 resulted in a

massive increment in maternal plasma TGF-beta1 and in an efficient

maternal/embryo transfer throughout gestation. Nevertheless, the frequency of

birth of TGF-beta1-null pups was not increased. Furthermore, despite the high

levels of bioactive TGF-beta1 in maternal plasma at conception and during

gestation, no increase in 11.5 dpc TGF-beta1-null embryos was detected,

indicating that the exogenous TGF-beta1 delivered from the vector was not

efficient in rescuing embryos from intrauterine death. During murine

embryogenesis, TGF-beta1 transcription and protein synthesis have been

detected at the four-cell stage suggesting an important role of the cytokine

throughout development [7, 22-24]. At the level of hematopoietic stem cells,

evidence has been provided that TGF-beta1 controls quiescence, in part through

an autocrine loop [25-27]. Thus, it cannot be excluded that different biological

effects might be elicited from autocrine versus humoral TGF-beta1 synthesis.

Alternatively, active TGF-beta1 has the ability to down-modulate the expression

of several hematopoietic cytokine receptors [28-31]. Since the plasma level of

bioactive TGF-beta1 in Ad-TGF-beta1 -treated mice was quite high (1-2

ng/ml), we cannot exclude some possible indirect regulatory effects.

The existence of genetic modifiers which profoundly influence the phenotype of

mutant mice has been established in studies with other gene disruption models

[32-34]. In the TGF-beta1-knockout mice, a major dominant modifier locus,

which modulates the function of TGF-beta1, has been identified and mapped to

proximal mouse chromosome 5 [13]. Although, the gene and its product have

not yet been identified, it was speculated that the modifier gene product could

act by allowing embryos to respond to limited supplies of maternal TGF-beta1 or

to other members of the TGF-beta family or to proteins that might increase TGF-

beta1 activity or signalling. In this study, we have used an adenovirus vector

carrying a mutated TGF-beta1 cDNA which was previously shown to encode

about 70% of spontaneously bioactive forms [21]. Despite the presence of

active TGF-beta1 protein in the treated mothers and fetuses, the frequency of

birth of TGF-beta1-null pups did not increase. Hence, the modifier gene

S223/S225
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modulating lethality in TGF-beta1-null embryos does not appear to be involved in

the process of TGF-beta1 activation. Furthermore, our data also suggest that

the product of the modifier gene does not code for a molecule directly involved

in TGF-beta1 signaling because lethality persists despite high TGF-beta levels. It

seems more likely that this gene may encode for a cytokine redundant with TGF-

beta1 during embryogenesis.

It is worth noting that an overexpression of latent TGF-beta1 was found both in

plasma from mice treated with the Ad-TGF-beta1  as well as in embryo

bodies, suggesting that the bioactive adenovirus-encoded form of TGF-beta1

could up-regulate its own synthesis [35, 36]. To clarify this point, we used

primary cultures of fibroblasts from wild-type and TGF-beta1-deficient embryos

which were infected with the Ad-TGF-beta1  vector. As expected, similar

levels of spontaneously active protein were detected in supernatants from both

types of culture (Figure 4). However, when supernatants from TGF-beta1-null

cultures were tested after acidification, levels of activity increased 5-fold,

demonstrating that only 20% of the protein was secreted in an active form.

These results are not consistent with previous data indicating that TGF-

beta1  was at least 70% active without acid treatment [21]. Sequencing

of the mutated region confirmed the presence of the 2 expected amino acids

changes and did not reveal other mutations. It is most likely that the different

cell types or the different strategies used in the two studies might account for

this discrepancy. Nevertheless, TGF-beta1 titrated in supernatants from wild-

type cultures was about 3 times higher than in supernatants from TGF-beta1-

deficient fibroblasts, strongly suggesting an autocrine up-regulation.

CONCLUSION

In conclusion, this study demonstrates that the adenovirus-mediated TGF-beta1

delivery was an efficient strategy allowing a potent expression of TGF-beta1

during at least 3 months and without detrimental effects on the animals.

However, despite transplacental transfer of both bioactive and latent forms,

lethality in TGF-beta1-null embryos was not improved. This suggests that an

intracrine stimulation by TGF-beta1 might be crucial for embryonic development.

Further experiments will be required to pursue this hypothesis.
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Figure 1

TGF-beta1 quantification in plasma from mice injected

with Ad-TGF-beta1 . Mice were intravenously

injected with varying doses of recombinant Ad-TGF-

beta1  (1 x 10  to 2 x 10  pfu/mouse). Plasma from 3
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mice was collected at the times indicated. An enzyme-

linked immunosorbent assay (ELISA) was used to quantify

TGF-beta1 afte

Figure 2

TGF-beta1 quantification in plasma from young mice

injected with Ad-TGF-beta1 . Ten day-old pups

were injected with 2 x 10  pfu of Ad-TGF-beta1  (n

= 8) or the empty adenovirus vector (n = 5). ELISA was

used to quantify active TGF-beta1 (open bars) or total

(active and latent forms) after samples acidification

(hatched bars). Control group comprises untreated

animals (n = 5). Data are expressed as mean ± SD.
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Figure 3

Active and latent TGF-beta1 diffuses from mothers to

fetuses. Heterozygote females (n = 8) were injected 2

days before mating with 2 x 10  pfu of Ad-TGF-

beta1 . Females were sacrificed at day 13 post

coitum and embryos were harvested. Levels of TGF-beta1

in plasma from treated mothers (about 2 months post-

adenovirus injection) and embryo fluids (n = 17) were

analyzed by ELISA without (active) or with acidification

(active + latent). Open bars represent active TGF-beta1

and hatched bars represent total (active + latent) TGF-

beta1. Data are expressed as the mean ± SD.
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Figure 4

Autocrine production of latent TGF-beta1 in cultures

infected with Ad-TGF-beta1 . Embryonic

fibroblasts from wild-type and TGF-beta1-null embryos

were infected with 50 pfu/cells of Ad-TGF-beta1

or empty vector. Culture supernatants were collected at

times indicated and assayed with an ELISA prior to (open

bars) and after acidification of the samples (hatched

bars). Data are expressed as the mean ± SD of 3 repeated

experiments performed in duplicate.

S223/S225

S223/S225

2026/10/21 13:48 JLE — European Cytokine Network — Adenoviral supply of active transforming growth factor-beta1 (TGF-beta1) did not preve…

https://www.jle.com/en/revues/ecn/doc/adenoviral-supply-of-active-transforming-growth-factor-beta1-tgf-beta1-did-not-prevent-lethality-in-transf… 18/23



Authors

Hedia Chagraoui, Stéphane Giraudier, William Vainchenker, Françoise
Wendling

INSERM U. 362, Institut Gustave-Roussy, PR1, 39, rue Camille-Desmoulins, 94805
Villejuif, France

In this issue

Monocyte chemotactic protein-3
Patricia Menten, Anja Wuyts, Jo Van Damme
MCP-3, induction, diseases, structure, receptors.

Adenoviral supply of active transforming growth factor-
beta1 (TGF-beta1) did not prevent lethality in transforming
growth factor-beta1-knockout embryos

Hedia Chagraoui, Stéphane Giraudier, William Vainchenker, Françoise Wendling
TGF-beta1, cytokine, knockout mice, gene therapy, adenovirus.

Absence of endogeneous interleukin-10 enhances the
evolution of murine type-II collagen-induced arthritis

Salvatore Cuzzocrea, Emanuela Mazzon, Laura Dugo, Ivana Serraino, Domenico
Britti, Massimo De Maio, Achille P. Caputi
collagen, inflammation, nitric oxide, peroxynitrite, superoxide dismutase, IL-10.

Reduced adrenal response and increased mortality after
systemic Klebsiella pneumoniae infection in interleukin-6-
deficient mice
Frank H.J. van Enckevort, C.G.J. Sweep, Paul N. Span, Mihai G. Netea, Ad R.M.M.
Hermus, Bart Jan Kullberg

2026/10/21 13:48 JLE — European Cytokine Network — Adenoviral supply of active transforming growth factor-beta1 (TGF-beta1) did not preve…

https://www.jle.com/en/revues/ecn/doc/adenoviral-supply-of-active-transforming-growth-factor-beta1-tgf-beta1-did-not-prevent-lethality-in-transf… 19/23

https://www.jle.com/en/revues/ecn/doc/monocyte-chemotactic-protein-3_11511/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=+MCP-3
https://www.jle.com/en/recherche/recherche.phtml?q=induction
https://www.jle.com/en/recherche/recherche.phtml?q=diseases
https://www.jle.com/en/recherche/recherche.phtml?q=structure
https://www.jle.com/en/recherche/recherche.phtml?q=receptors.
https://www.jle.com/en/revues/ecn/doc/adenoviral-supply-of-active-transforming-growth-factor-beta1-tgf-beta1-did-not-prevent-lethality-in-transforming-growth-factor-beta1-knockout-embryos_11508/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/adenoviral-supply-of-active-transforming-growth-factor-beta1-tgf-beta1-did-not-prevent-lethality-in-transforming-growth-factor-beta1-knockout-embryos_11508/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/adenoviral-supply-of-active-transforming-growth-factor-beta1-tgf-beta1-did-not-prevent-lethality-in-transforming-growth-factor-beta1-knockout-embryos_11508/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=+TGF-beta1
https://www.jle.com/en/recherche/recherche.phtml?q=cytokine
https://www.jle.com/en/recherche/recherche.phtml?q=knockout+mice
https://www.jle.com/en/recherche/recherche.phtml?q=gene+therapy
https://www.jle.com/en/recherche/recherche.phtml?q=adenovirus.
https://www.jle.com/en/revues/ecn/doc/absence-of-endogeneous-interleukin-10-enhances-the-evolution-of-murine-type-ii-collagen-induced-arthritis_11506/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/absence-of-endogeneous-interleukin-10-enhances-the-evolution-of-murine-type-ii-collagen-induced-arthritis_11506/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=+collagen
https://www.jle.com/en/recherche/recherche.phtml?q=inflammation
https://www.jle.com/en/recherche/recherche.phtml?q=nitric+oxide
https://www.jle.com/en/recherche/recherche.phtml?q=peroxynitrite
https://www.jle.com/en/recherche/recherche.phtml?q=superoxide+dismutase
https://www.jle.com/en/recherche/recherche.phtml?q=IL-10.
https://www.jle.com/en/revues/ecn/doc/reduced-adrenal-response-and-increased-mortality-after-systemic-klebsiella-pneumoniae-infection-in-interleukin-6-deficient-mice_11510/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/reduced-adrenal-response-and-increased-mortality-after-systemic-klebsiella-pneumoniae-infection-in-interleukin-6-deficient-mice_11510/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/reduced-adrenal-response-and-increased-mortality-after-systemic-klebsiella-pneumoniae-infection-in-interleukin-6-deficient-mice_11510/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=+corticosterone
https://www.jle.com/en/recherche/recherche.phtml?q=cytokine
https://www.jle.com/en/recherche/recherche.phtml?q=IL-6-deficient+mice
https://www.jle.com/en/recherche/recherche.phtml?q=granulocyte+recruitment
https://www.jle.com/en/recherche/recherche.phtml?q=survival.


corticosterone, cytokine, IL-6-deficient mice, granulocyte recruitment, survival.

Gamma-interferon induces apoptosis of the B lymphoma
WEHI-279 cell line through a CD95/CD95L-independent
mechanism

K.-E. Ben Jilani, K. Akarid, D. Arnoult, F. Petit, E. Baert, J.-P. Gaillard, J.-C.
Ameisen, J. Estaquier
IFN-g, B cells, apoptosis, CD95, caspases, cytokines.

IFN-beta stimulates the production of beta-chemokines
in human peripheral blood monocytes. Importance of
macrophage differentiation
Laura Fantuzzi, Irene Canini, Filippo Belardelli, Sandra Gessani
MCP-1, MIP-1alpha, MIP-1beta, IFN-beta, monocytes/macrophages, differentiation.

Relationship between cell kinetics and apoptotic effects
in TNF-alpha and IFN-gamma-treated human tumour cell
lines

Heinz Baisch
apoptosis, c-Myc, cell cycle, cytokines, dual pathways.

L-Buthionine-(S,R)-sulfoximine, an irreversible inhibitor
of gamma-glutamylcysteine synthetase, augments LPS-
mediated pro-inflammatory cytokine biosynthesis:
evidence for the implication of an IkappaB-alpha/NF-
kappaB insensitive pathway

John J. Haddad
antioxidant, chemioxyexcitation, cytokines, glutathione disequilibrium, pharmacotherapy,
reactive oxygen species, redox/thiol regulation.

Endotoxin regulates the maturation of sterol regulatory
element binding protein-1 through the induction of
cytokines
Luisa Diomede, Diego Albani, Marco Bianchi, Mario Salmona
SREBP-1, LPS, HepG2, liver, mice.

Regulation of Staphylococcus aureus-mediated
activation of interleukin-18 in peripheral blood

2026/10/21 13:48 JLE — European Cytokine Network — Adenoviral supply of active transforming growth factor-beta1 (TGF-beta1) did not preve…

https://www.jle.com/en/revues/ecn/doc/adenoviral-supply-of-active-transforming-growth-factor-beta1-tgf-beta1-did-not-prevent-lethality-in-transf… 20/23

https://www.jle.com/en/recherche/recherche.phtml?q=+corticosterone
https://www.jle.com/en/recherche/recherche.phtml?q=cytokine
https://www.jle.com/en/recherche/recherche.phtml?q=IL-6-deficient+mice
https://www.jle.com/en/recherche/recherche.phtml?q=granulocyte+recruitment
https://www.jle.com/en/recherche/recherche.phtml?q=survival.
https://www.jle.com/en/revues/ecn/doc/gamma-interferon-induces-apoptosis-of-the-b-lymphoma-wehi-279-cell-line-through-a-cd95-cd95l-independent-mechanism_11515/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/gamma-interferon-induces-apoptosis-of-the-b-lymphoma-wehi-279-cell-line-through-a-cd95-cd95l-independent-mechanism_11515/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/gamma-interferon-induces-apoptosis-of-the-b-lymphoma-wehi-279-cell-line-through-a-cd95-cd95l-independent-mechanism_11515/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=+IFN-g
https://www.jle.com/en/recherche/recherche.phtml?q=B+cells
https://www.jle.com/en/recherche/recherche.phtml?q=apoptosis
https://www.jle.com/en/recherche/recherche.phtml?q=CD95
https://www.jle.com/en/recherche/recherche.phtml?q=caspases
https://www.jle.com/en/recherche/recherche.phtml?q=cytokines.
https://www.jle.com/en/revues/ecn/doc/ifn-beta-stimulates-the-production-of-beta-chemokines-in-human-peripheral-blood-monocytes-importance-of-macrophage-differentiation_11512/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/ifn-beta-stimulates-the-production-of-beta-chemokines-in-human-peripheral-blood-monocytes-importance-of-macrophage-differentiation_11512/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/ifn-beta-stimulates-the-production-of-beta-chemokines-in-human-peripheral-blood-monocytes-importance-of-macrophage-differentiation_11512/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=+MCP-1
https://www.jle.com/en/recherche/recherche.phtml?q=MIP-1alpha
https://www.jle.com/en/recherche/recherche.phtml?q=MIP-1beta
https://www.jle.com/en/recherche/recherche.phtml?q=IFN-beta
https://www.jle.com/en/recherche/recherche.phtml?q=monocytes%2Fmacrophages
https://www.jle.com/en/recherche/recherche.phtml?q=differentiation.
https://www.jle.com/en/revues/ecn/doc/relationship-between-cell-kinetics-and-apoptotic-effects-in-tnf-alpha-and-ifn-gamma-treated-human-tumour-cell-lines_11517/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/relationship-between-cell-kinetics-and-apoptotic-effects-in-tnf-alpha-and-ifn-gamma-treated-human-tumour-cell-lines_11517/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/relationship-between-cell-kinetics-and-apoptotic-effects-in-tnf-alpha-and-ifn-gamma-treated-human-tumour-cell-lines_11517/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=+apoptosis
https://www.jle.com/en/recherche/recherche.phtml?q=c-Myc
https://www.jle.com/en/recherche/recherche.phtml?q=cell+cycle
https://www.jle.com/en/recherche/recherche.phtml?q=cytokines
https://www.jle.com/en/recherche/recherche.phtml?q=dual+pathways.
https://www.jle.com/en/revues/ecn/doc/l-buthionine-s-r-sulfoximine-an-irreversible-inhibitor-of-gamma-glutamylcysteine-synthetase-augments-lps-mediated-pro-inflammatory-cytokine-biosynthesis-evidence-for-the-implication-of-an-ikappab-alpha-nf-kappab-insensitive-pathway_11503/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/l-buthionine-s-r-sulfoximine-an-irreversible-inhibitor-of-gamma-glutamylcysteine-synthetase-augments-lps-mediated-pro-inflammatory-cytokine-biosynthesis-evidence-for-the-implication-of-an-ikappab-alpha-nf-kappab-insensitive-pathway_11503/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/l-buthionine-s-r-sulfoximine-an-irreversible-inhibitor-of-gamma-glutamylcysteine-synthetase-augments-lps-mediated-pro-inflammatory-cytokine-biosynthesis-evidence-for-the-implication-of-an-ikappab-alpha-nf-kappab-insensitive-pathway_11503/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/l-buthionine-s-r-sulfoximine-an-irreversible-inhibitor-of-gamma-glutamylcysteine-synthetase-augments-lps-mediated-pro-inflammatory-cytokine-biosynthesis-evidence-for-the-implication-of-an-ikappab-alpha-nf-kappab-insensitive-pathway_11503/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/l-buthionine-s-r-sulfoximine-an-irreversible-inhibitor-of-gamma-glutamylcysteine-synthetase-augments-lps-mediated-pro-inflammatory-cytokine-biosynthesis-evidence-for-the-implication-of-an-ikappab-alpha-nf-kappab-insensitive-pathway_11503/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=+antioxidant
https://www.jle.com/en/recherche/recherche.phtml?q=chemioxyexcitation
https://www.jle.com/en/recherche/recherche.phtml?q=cytokines
https://www.jle.com/en/recherche/recherche.phtml?q=glutathione+disequilibrium
https://www.jle.com/en/recherche/recherche.phtml?q=pharmacotherapy
https://www.jle.com/en/recherche/recherche.phtml?q=reactive+oxygen+species
https://www.jle.com/en/recherche/recherche.phtml?q=redox%2Fthiol+regulation.
https://www.jle.com/en/revues/ecn/doc/endotoxin-regulates-the-maturation-of-sterol-regulatory-element-binding-protein-1-through-the-induction-of-cytokines_11518/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/endotoxin-regulates-the-maturation-of-sterol-regulatory-element-binding-protein-1-through-the-induction-of-cytokines_11518/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/endotoxin-regulates-the-maturation-of-sterol-regulatory-element-binding-protein-1-through-the-induction-of-cytokines_11518/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=+SREBP-1
https://www.jle.com/en/recherche/recherche.phtml?q=LPS
https://www.jle.com/en/recherche/recherche.phtml?q=HepG2
https://www.jle.com/en/recherche/recherche.phtml?q=liver
https://www.jle.com/en/recherche/recherche.phtml?q=mice.
https://www.jle.com/en/revues/ecn/doc/regulation-of-staphylococcus-aureus-mediated-activation-of-interleukin-18-in-peripheral-blood-mononuclear-cells_11513/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/regulation-of-staphylococcus-aureus-mediated-activation-of-interleukin-18-in-peripheral-blood-mononuclear-cells_11513/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/regulation-of-staphylococcus-aureus-mediated-activation-of-interleukin-18-in-peripheral-blood-mononuclear-cells_11513/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/regulation-of-staphylococcus-aureus-mediated-activation-of-interleukin-18-in-peripheral-blood-mononuclear-cells_11513/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/regulation-of-staphylococcus-aureus-mediated-activation-of-interleukin-18-in-peripheral-blood-mononuclear-cells_11513/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/regulation-of-staphylococcus-aureus-mediated-activation-of-interleukin-18-in-peripheral-blood-mononuclear-cells_11513/jle_article.dhtml


mononuclear cells

Ulrich Böcker, Tobias Manigold, Joanna M. Watson, Manfred V. Singer, Siegbert
Rossol
human, cytokine, bacterial antigen, CD14, signal transduction.

Interleukine-6 (IL-6) synthesis and gp130 expression by
human pericardium
Emmanuelle Menet, Pierre Corbi, Cécile Ancey, Franck Morel, Adriana Delwail,
Martine Garcia, Anne-Marie Osta, John Wijdenes, Daniel Potreau, Jean-Claude
Lecron
IL-6, gp130, pericardium.

Plasmodium falciparum liver-stage antigen-1 peptide-
specific interferon-gamma responses are not suppressed
during uncomplicated malaria in African children

Adrian J.F. Luty, Martina Bongartz, Philipp Rezbach, Jean-Francois Faucher,
Michael R. Hollingdale, Peter G. Kremsner
malaria, cytokine, interferon-gamma, liver.

Immunoexpressions of p21, Rb, mcl-1 and bad gene
products in normal, hyperplastic and carcinomatous
human prostates

Mar Royuela, María Isabel Arenas, Fermín R. Bethencourt, Manuel Sánchez-
Chapado, Benito Fraile, Ricardo Paniagua
p21, Rb, mcl-1, bad, human prostate, benign prostatic hyperplasia, prostatic carcinoma.

Recombinant human interleukin-1 beta: new
possibilities for the prophylaxis and correction of toxic
myelodepression in patients with malignant tumors I. Phase
I-II clinical trials of recombinant human interleukin-1 beta
as a leukopoiesis stimulator in cancer patients receiving
combination chemotherapy

M.L. Gershanovich, L.V. Filatova, S.A. Ketlinsky, A.S. Simbirtsev
human recombinant interleukin-1 beta, myelopoiesis, myelodepression, cancer
chemotherapy.

Recombinant human interleukin-1 beta: new
possibilities for the prophylaxis and correction of toxic
myelodepression in patients with malignant tumors II.

2026/10/21 13:48 JLE — European Cytokine Network — Adenoviral supply of active transforming growth factor-beta1 (TGF-beta1) did not preve…

https://www.jle.com/en/revues/ecn/doc/adenoviral-supply-of-active-transforming-growth-factor-beta1-tgf-beta1-did-not-prevent-lethality-in-transf… 21/23

https://www.jle.com/en/revues/ecn/doc/regulation-of-staphylococcus-aureus-mediated-activation-of-interleukin-18-in-peripheral-blood-mononuclear-cells_11513/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=+human
https://www.jle.com/en/recherche/recherche.phtml?q=cytokine
https://www.jle.com/en/recherche/recherche.phtml?q=bacterial+antigen
https://www.jle.com/en/recherche/recherche.phtml?q=CD14
https://www.jle.com/en/recherche/recherche.phtml?q=signal+transduction.
https://www.jle.com/en/revues/ecn/doc/interleukine-6-il-6-synthesis-and-gp130-expression-by-human-pericardium_11516/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/interleukine-6-il-6-synthesis-and-gp130-expression-by-human-pericardium_11516/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=+IL-6
https://www.jle.com/en/recherche/recherche.phtml?q=gp130
https://www.jle.com/en/recherche/recherche.phtml?q=pericardium.
https://www.jle.com/en/revues/ecn/doc/plasmodium-falciparum-liver-stage-antigen-1-peptide-specific-interferon-gamma-responses-are-not-suppressed-during-uncomplicated-malaria-in-african-children_11504/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/plasmodium-falciparum-liver-stage-antigen-1-peptide-specific-interferon-gamma-responses-are-not-suppressed-during-uncomplicated-malaria-in-african-children_11504/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/plasmodium-falciparum-liver-stage-antigen-1-peptide-specific-interferon-gamma-responses-are-not-suppressed-during-uncomplicated-malaria-in-african-children_11504/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=+malaria
https://www.jle.com/en/recherche/recherche.phtml?q=cytokine
https://www.jle.com/en/recherche/recherche.phtml?q=interferon-gamma
https://www.jle.com/en/recherche/recherche.phtml?q=liver.
https://www.jle.com/en/revues/ecn/doc/immunoexpressions-of-p21-rb-mcl-1-and-bad-gene-products-in-normal-hyperplastic-and-carcinomatous-human-prostates_11514/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/immunoexpressions-of-p21-rb-mcl-1-and-bad-gene-products-in-normal-hyperplastic-and-carcinomatous-human-prostates_11514/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/immunoexpressions-of-p21-rb-mcl-1-and-bad-gene-products-in-normal-hyperplastic-and-carcinomatous-human-prostates_11514/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=++p21
https://www.jle.com/en/recherche/recherche.phtml?q=Rb
https://www.jle.com/en/recherche/recherche.phtml?q=mcl-1
https://www.jle.com/en/recherche/recherche.phtml?q=bad
https://www.jle.com/en/recherche/recherche.phtml?q=human+prostate
https://www.jle.com/en/recherche/recherche.phtml?q=benign+prostatic+hyperplasia
https://www.jle.com/en/recherche/recherche.phtml?q=prostatic+carcinoma.
https://www.jle.com/en/revues/ecn/doc/recombinant-human-interleukin-1-beta-new-possibilities-for-the-prophylaxis-and-correction-of-toxic-myelodepression-in-patients-with-malignant-tumors-i-phase-i-ii-clinical-trials-of-recombinant-human-interleukin-1-beta-as-a-leukopoiesis-stimulator-in-cancer-patients-receiving-combination-chemotherapy_11507/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/recombinant-human-interleukin-1-beta-new-possibilities-for-the-prophylaxis-and-correction-of-toxic-myelodepression-in-patients-with-malignant-tumors-i-phase-i-ii-clinical-trials-of-recombinant-human-interleukin-1-beta-as-a-leukopoiesis-stimulator-in-cancer-patients-receiving-combination-chemotherapy_11507/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/recombinant-human-interleukin-1-beta-new-possibilities-for-the-prophylaxis-and-correction-of-toxic-myelodepression-in-patients-with-malignant-tumors-i-phase-i-ii-clinical-trials-of-recombinant-human-interleukin-1-beta-as-a-leukopoiesis-stimulator-in-cancer-patients-receiving-combination-chemotherapy_11507/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/recombinant-human-interleukin-1-beta-new-possibilities-for-the-prophylaxis-and-correction-of-toxic-myelodepression-in-patients-with-malignant-tumors-i-phase-i-ii-clinical-trials-of-recombinant-human-interleukin-1-beta-as-a-leukopoiesis-stimulator-in-cancer-patients-receiving-combination-chemotherapy_11507/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/recombinant-human-interleukin-1-beta-new-possibilities-for-the-prophylaxis-and-correction-of-toxic-myelodepression-in-patients-with-malignant-tumors-i-phase-i-ii-clinical-trials-of-recombinant-human-interleukin-1-beta-as-a-leukopoiesis-stimulator-in-cancer-patients-receiving-combination-chemotherapy_11507/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/recombinant-human-interleukin-1-beta-new-possibilities-for-the-prophylaxis-and-correction-of-toxic-myelodepression-in-patients-with-malignant-tumors-i-phase-i-ii-clinical-trials-of-recombinant-human-interleukin-1-beta-as-a-leukopoiesis-stimulator-in-cancer-patients-receiving-combination-chemotherapy_11507/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=+human+recombinant+interleukin-1+beta
https://www.jle.com/en/recherche/recherche.phtml?q=myelopoiesis
https://www.jle.com/en/recherche/recherche.phtml?q=myelodepression
https://www.jle.com/en/recherche/recherche.phtml?q=cancer+chemotherapy.
https://www.jle.com/en/recherche/recherche.phtml?q=cancer+chemotherapy.
https://www.jle.com/en/revues/ecn/doc/recombinant-human-interleukin-1-beta-new-possibilities-for-the-prophylaxis-and-correction-of-toxic-myelodepression-in-patients-with-malignant-tumors-ii-phase-ii-study-of-the-protective-effect-of-recombinant-human-interleukin-1-beta-on-myelodepression-induced-by-chemotherapy-in-cancer-patients_11505/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/recombinant-human-interleukin-1-beta-new-possibilities-for-the-prophylaxis-and-correction-of-toxic-myelodepression-in-patients-with-malignant-tumors-ii-phase-ii-study-of-the-protective-effect-of-recombinant-human-interleukin-1-beta-on-myelodepression-induced-by-chemotherapy-in-cancer-patients_11505/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/recombinant-human-interleukin-1-beta-new-possibilities-for-the-prophylaxis-and-correction-of-toxic-myelodepression-in-patients-with-malignant-tumors-ii-phase-ii-study-of-the-protective-effect-of-recombinant-human-interleukin-1-beta-on-myelodepression-induced-by-chemotherapy-in-cancer-patients_11505/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/recombinant-human-interleukin-1-beta-new-possibilities-for-the-prophylaxis-and-correction-of-toxic-myelodepression-in-patients-with-malignant-tumors-ii-phase-ii-study-of-the-protective-effect-of-recombinant-human-interleukin-1-beta-on-myelodepression-induced-by-chemotherapy-in-cancer-patients_11505/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/recombinant-human-interleukin-1-beta-new-possibilities-for-the-prophylaxis-and-correction-of-toxic-myelodepression-in-patients-with-malignant-tumors-ii-phase-ii-study-of-the-protective-effect-of-recombinant-human-interleukin-1-beta-on-myelodepression-induced-by-chemotherapy-in-cancer-patients_11505/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/recombinant-human-interleukin-1-beta-new-possibilities-for-the-prophylaxis-and-correction-of-toxic-myelodepression-in-patients-with-malignant-tumors-ii-phase-ii-study-of-the-protective-effect-of-recombinant-human-interleukin-1-beta-on-myelodepression-induced-by-chemotherapy-in-cancer-patients_11505/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/recombinant-human-interleukin-1-beta-new-possibilities-for-the-prophylaxis-and-correction-of-toxic-myelodepression-in-patients-with-malignant-tumors-ii-phase-ii-study-of-the-protective-effect-of-recombinant-human-interleukin-1-beta-on-myelodepression-induced-by-chemotherapy-in-cancer-patients_11505/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/recombinant-human-interleukin-1-beta-new-possibilities-for-the-prophylaxis-and-correction-of-toxic-myelodepression-in-patients-with-malignant-tumors-ii-phase-ii-study-of-the-protective-effect-of-recombinant-human-interleukin-1-beta-on-myelodepression-induced-by-chemotherapy-in-cancer-patients_11505/jle_article.dhtml


Phase II study of the protective effect of recombinant
human interleukin-1 beta on myelodepression induced by
chemotherapy in cancer patients
M.L. Gershanovich, L.V. Filatova, S.A. Ketlinsky, A.S. Simbirtsev
human recombinant interleukin-1 beta, leukopoiesis, myelodepression, cancer
chemotherapy.

French society of immunology, cytokines

Eric Lelièvre, Isabelle Corre

Les éditions JLE

30 rue Berthollet, Bât. A,
94110 Arcueil, France

+ 33 (0)1 46 73 06 60

contact@jle.com

Publishing Policy

 Books and e-books

 Want to publish ?

 Become a partner

2026/10/21 13:48 JLE — European Cytokine Network — Adenoviral supply of active transforming growth factor-beta1 (TGF-beta1) did not preve…

https://www.jle.com/en/revues/ecn/doc/adenoviral-supply-of-active-transforming-growth-factor-beta1-tgf-beta1-did-not-prevent-lethality-in-transf… 22/23

https://www.jle.com/en/revues/ecn/doc/recombinant-human-interleukin-1-beta-new-possibilities-for-the-prophylaxis-and-correction-of-toxic-myelodepression-in-patients-with-malignant-tumors-ii-phase-ii-study-of-the-protective-effect-of-recombinant-human-interleukin-1-beta-on-myelodepression-induced-by-chemotherapy-in-cancer-patients_11505/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/recombinant-human-interleukin-1-beta-new-possibilities-for-the-prophylaxis-and-correction-of-toxic-myelodepression-in-patients-with-malignant-tumors-ii-phase-ii-study-of-the-protective-effect-of-recombinant-human-interleukin-1-beta-on-myelodepression-induced-by-chemotherapy-in-cancer-patients_11505/jle_article.dhtml
https://www.jle.com/en/revues/ecn/doc/recombinant-human-interleukin-1-beta-new-possibilities-for-the-prophylaxis-and-correction-of-toxic-myelodepression-in-patients-with-malignant-tumors-ii-phase-ii-study-of-the-protective-effect-of-recombinant-human-interleukin-1-beta-on-myelodepression-induced-by-chemotherapy-in-cancer-patients_11505/jle_article.dhtml
https://www.jle.com/en/recherche/recherche.phtml?q=+human+recombinant+interleukin-1+beta
https://www.jle.com/en/recherche/recherche.phtml?q=leukopoiesis
https://www.jle.com/en/recherche/recherche.phtml?q=myelodepression
https://www.jle.com/en/recherche/recherche.phtml?q=cancer+chemotherapy.
https://www.jle.com/en/recherche/recherche.phtml?q=cancer+chemotherapy.
https://www.jle.com/en/revues/ecn/doc/french-society-of-immunology-cytokines_11509/jle_article.dhtml
tel:+33146730660
mailto:contact@jle.com
https://www.jle.com/en/doc/page_editoriale/jle_contenu.dhtml
https://www.librairiejle.com/fr/index.phtml
https://www.jle.com/en/doc/page_publier/jle_contenu.dhtml
https://www.jle.com/en/doc/page_partenaire/jle_contenu.dhtml
https://www.facebook.com/Jhn-Libbey-Eurotext-217062194983560/
https://twitter.com/john_libbey


2026/10/21 13:48 JLE — European Cytokine Network — Adenoviral supply of active transforming growth factor-beta1 (TGF-beta1) did not preve…

https://www.jle.com/en/revues/ecn/doc/adenoviral-supply-of-active-transforming-growth-factor-beta1-tgf-beta1-did-not-prevent-lethality-in-transf… 23/23


