
A 

in vivo 
International Journal of In Vivo Research 

ISSN: 0258-851X 

Volume 5 
1991 

iß 



in vivo 4: II (1991) 

Editorial Board 

D. ANDERSON, Genetic Toxicology and Cell Biology Dept., British Industrial Biological Research Association, Surrey, UK 
L . C ANDERSSON, Department of Pathology, Faculty ofMediane, Heisingin Yliopisto, Helsinki, Finland 
J . ATKINSON, L a b . de Pharmacodynamie, Faculte des Sciences Pharmaceutics et Biologique, Univ. de Nancy, France 
R.J.B. BASSLEER, Department of Histology, Universite de Liege, Belgium 
S. BEN-EFRA1M, Department ofHuman Microbiology, Sackler School of M e d i a n e , Tel-Aviv University, Israel 
C T . BURT, National Institute of Environmental Health Sciences, Research Triangle Park, NC, USA 
S. CARREL, Ludwig Institute for Cancer Research, Epalinges, Switzerland 
A.F. CHAMBERS, Dept. Oncology, The London Regional Cancer Center, L o n d o n , Ontario, Canada 
L.A. COHEN, American Health Foundation, Valhalla, NY, USA 
E. P. CRONKITE, Brookhaven National Laboratory, Medical Department, Upton, NY, USA 
I. DAMJANOV, Dept. Pathology and Cell Biology, Thomas Jefferson University, Philadelphia, PA, USA 
A. DANGUY, L a b . d' Histologie, Fac. de Medecine, Univ. Lißre de Bruxelles, Belgium 
E. E. DANIEL, Faculty of Health Sciences. McMaster University, Hamilton, Ontario, C a n a d a 
D.T. DENHARDT, Department of Biological Sciences, Rutgers University, Piscataway, NJ, USA 
W. DEN OTTER, Department of Pathology, University of Utrecht, The Netherlands 
J.F. DORE, Centre Leon Berard, L y o n , France 
J.R. DRAGO, Department of Surgery, Division ofUrology, Columbus, OH, USA 
P. EBESSEN, Radiumstationen, Aarhus, D e n m a r k 
M. ELKIND, Department of Radiology and Radiation Biology, Colorado State University, FortCollins, C O , USA 
A.A. EPENETOS, Hammersmith Hospital, L o n d o n , UK 
J.A. FERNANDEZ-POL, Laboratory ofMolecular Oncology, VA Medical Center, St. Louis, MO, USA 
S. FERRONE, Department of Microbiology and Immunology, New York Medical College, Valhalla, NY, USA 
J.K. FIELD, Department of Dental Surgery, University of Liverpool, UK 
P.B. FISHER, Department of Microbiology, College of Physicians and Surgeons, C o l u m b i a University, New York, NY, USA 
S.O. FREEDMAN, Medicine Department, Mc Gill University, Montreal, C a n a d a 
P. FURMANSKI, Depatment of Biology, New York University, New York, NY, USA 
I. GALATULAS, Department of Pharmacology, University ofMilano, Italy 
J . GOODWIN, Division of Geriatrics, Sinai Samaritan Medical Center, Milwankee, WI, USA 
A.A. GOTTLIEB, Department of Microbiology, School of Medicine, Tulane University, New Orleans, LA, USA 
J.W. GREINER, National Cancer Institute, NIH, Bethesda, MD, USA 
C.J. GRUBBS, Dept. Nutrition Sciences, University of A l a b a m a , Birmingham, A L , USA 
O.O.P. HÄNNINEN, Kuopion Yliopisto, Finland 
W.D. HARDY, L a b . of Veterinary Oncology, Memorial Sloan-Kettering Cancer Center, New York, NY, USA 
R. HART, National Center for Toxicology Research, Jeff erson, A R , USA 
Y. HAYATA, Surgery Department, Tokyo Medical College Hospital, Tokyo, Japan 
G. H. HEPPNER, Department of Immunology, Michigan Cancer Foundation, Detroit, MI, USA 
J . HILGERS, The Netherlands Cancer Institute, Amsterdam, The Netherlands 
C. HIRAYAMA, Second Department of Internal Medicine. Tottori University School of Medicine, Yonago, Japan 
F. HORAUD, Pasteur Institute, Paris, France 
C G . IOANNIDES, Department of Gynecoiogy, M.D. Anderson Cancer Center, H o n s t o n , TX, USA 
O.H. IVERSEN, Institute of Pathology, University ofOslo, Norway 
S . C JHANWAR, Dept. Pathology, Memorial Sloan - Kettering Cancer Center, New York, NY, USA 
P.E. JONSSON, Department of Surgery, Heisingborg Hospital, Sweden 
H. E. KAISER, Department of Pathology, University of Maryland, Baltimore, MD, USA 
S. KATO, Department of Pathology, Osaka University, Osaka, Japan 
D. J . KERR, Department of Medical Oncology, C R C , University of Glasgow, UK 
J . KIELER, The Fibiger Institute, Copenhagen, D e n m a r k 
H.KOPROWSKI, The Wistar Institute of Anatomy and Biology, Philadelphia, PA, USA 
G. R.F. KRUEGER, Immunopathology Section, Institute of Pathology, University ofKöln, FRG 
T.J. LAMPIDIS, Papanicolaou Comprehensive Cancer Center, University of Miami, FL, USA 
P.P. LELE, Hyperthermia Center, Massachusetts Institute of Technology, Cambridge, MA, USA 
R.A. LERNER, Department ofMolecular Biology, Scripps Clinic and Research F o u n d a t i o n , LaJolla, CA, USA 
G. LEVAN, Genetics Department, Göteborgs Universitet, Sweden 



in Vivo 4: III (1991) 

W. LIJINSKY, National Cancer Istitute, Frederick Cancer Research Facility, MD, USA 
S. LUCIANI, Pharmacology Department, Faculty of Medicine and Surgery, University of Padova, Italy 
H. MAEDA, Department of Microbiology, Kumamoto University, Japan 
M. MAREEL, Laboratory of Experimental Cancerology, State University, Ghent, Belgium 
J . MATTERN, Institute of Experimental Pathology, G e r m a n Cancer Research Center, Heidelberg, FRG 
H.R. MAURER, Institut für Pharmazie, Freie Universität Berlin, Germany 
P. MEERA KHAN, Sylvius L a b o r a t o r i o , Inst voor Anthropogenetica, L e i d e n , The Netherlands 
M. MORIO, Anaesthesiology Department, Hiroshima University, Japan 
H.C. MORSE III, L a b . of Immunopathology, National Institutes of Health, Bethesda, MD, USA 
H. NAG AS A WA, Experimental A n i m a l Research Laboratory, Meiji University, Kanagawa, Japan 
K. NILSSON, T u m o r Biology Laboratory, Department of Pathology, University Hospital, Uppsala, Sweden 
K.R. NORUM, Institute for Nutrition Research, Universitetet i Oslo, Norway 
R.F. NOVAK, Institute of Chemical Toxicology, Wayne State University, Detroit, MI, USA 
N. OHSHIMA, Biomedical Engineering Dept, University of Tsukuba, Ibaraki-ken, Japan 
R.K. OLDHAM, Institute of Biotherapeutics, Franklin, TN, USA 
L. OLSSON, Cancer Biology Laboratory, State University Hospital, Copenhagen, D e n m a r k 
J . OVERGAARD, The Institute of Cancer Research, Radiumstationen, Äarhus, D e n m a r k 
M. PAGE, Department de Biochimie, Faculte de Medecine, Universite Laval, Quebec, Canada 
S- PARODI, L a b . Chemical Carcinogenesis, Istituto Nazionale p e r l a Ricerca sul Cancro, Genova, Italy 
J.L. PASTEELS, Histology Laboratory, Faculty of Medicine, Universite Libre de Bruxelles, Belgium 
B . C C PEDERSEN, Cytogenetics Department, The Institute of Cancer Research, Radiumstationen, Äarhus, Denmark 
H.I. PETERSON, Department of Surgery, University of Göteborg, Sweden 
H.M. PINEDO, Afdeilung Oncology, Academisch Ziekenhuis der Vrije Universiteit, Amsterdam, The Netherlands 
M. POLLARD, L u b u n d Laborentory, University of N o t r e D a m e , IN, USA 
J.F. POTTER, Vincent T Löffibardi Cancer Research Center, Washington DC, USA 
S. RASHEED, University of South California, School of Medicine, Los Angeles, CA, USA 
M. R0NNE, Institute ofAnatomy and Cytology, Odense University, D e n m a r k 
C A . RUBIO, Department of Pathology, Karolinska Institutet, Stockholm, Sweden 
G.R. RUTTEMAN, Faculty of Veterinary Medicine, University of Utrecht, The Netherlands 
A. C. SARTORELLI, Yale Comprehensive Cancer Center, New Häven, CT, USA 
G. SAVA, Instituto di Farmacologia e Farmacognosia, Universitä di Trieste, Italy 
K.J . SCANLON, City of Hope National Medical Center, Duarte, CA, USA 
L.D. SHULTZ, The Jackson Laboratory, B a r H a r b o r , ME, USA 
S. SPADARI, Instituto di Genetica Biochimica ed Evoluzionistica, Pavia, Italy 
D. A. SPANDIDOS, Hellenic Research Foundation, Athens, Greece 
Z. STEPLEWSKI, The Wistar Institute of Anatomy and Biology, Philadelphia, PA, USA 
S.E. SVEHAG, Department of Medical Microbiology, Odense Universitet, D e n m a r k 
J . SÜGAR, National Institute of Oncology, Budapest, Hungary 
N. TANAKA, Research Institute, Daiichi Seiyaku C o . , Tokyo, Japan 
H. TAPIERO, Department ofCellular and Molecular Pharmacology, I C LG., Villejuif, France 
S. TOMINAGA, Division of Epidemiology, Aichi Cancer Center, Nagoya, USA 
E. TRELL, Department of Community Health Sciences, Malmö G e n e r a l Hospital, Sweden 
B. TRIBUKAIT, Department of Medical Radiobiology, Karolinska Institute, Stockholm, Sweden 
C TROPE, Radiumhospitalet, Oslo, Norway 
G. C TSOKOS, Laboratory of Pathology, National Cancer Institute, NIH, Bethesda, MD, USA 
P.TSONIS, Department of Biology, University of D a y t o n , OH, USA 
A. VAHERI, Department of Virology, University of Helsinki, Finland 
D. W. VAN BEKKUM, Radiobiological Institute, TNO, Rijswijk, The Netherlands 
P.C. VINCENT, Kamematsu Memorial Institute, Research Laboratories, Camperdown, Australia 
M.A. WAMBERG, Lady Davis Institute for Medical Research, Montreal, Q u e . , Canada 
M. WERNER, Department of Pathology, George Washington University Medical Center, Washington, DC, USA 
E. L. WINNACKER, Biochemistry Institute, Fac. of Chemistry and Pharmacy, Ludwig-Maximillians-Univ., München, FRG 
H. YOSHIDA, Department of Pathology, Kagoshima University, Kagoshima, Japan 



in vivo 4: IV (1991) 

Acknowledgement 
The following Organizations supported many of the works published in I N V I V O , Volume 5, 1991: 

A . F . M . , France 
American Cancer Society 
Arthritis Foundation Illinois Chapter, USA 
The Berta Kamprad Cancer Foundation, Sweden 
Best Foods, CPC International Inc., Union, NJ, USA 
BMFT-Sonderprogramm «Alternative Methoden der 

Krebsbekämpfung, Germany 
Bristol-Myers Ltd., Sweden 
California Institute for Cancer Research, USA 
Canadian General Surgery Research Fund 
Cancer Control Agency of British Columbia, Vancouv^ 

er, B .C. , Canada 
Cancer Research Campaign, U K 
Centre National de la Recherche Seientifique, Orsay, 

France 
Chiesi Farmaceutici, Italy 
Concern Foundation Inc., Los Angeles, C A , USA 
D A B Fonden, Denmark 
The Danish Agricultural and Veterinary Research 

Council 
Deutsche Forschungsgemeinschaft 
Deutsche Leukämie-Forschungshilfe 
Dutch Cancer Society 
Dupont de Nemours, Germany 
Eisai Co., Ltd., Japan 
Eli Lilly & Co. Ltd., Sweden 
Geigy, Italy 
German Science Foundation 
Hippie Cancer Research Center Supporters, USA 
Howard Hughes Medical Institute, USA 
Ingabritt and Arne Lundberg Research Foundation, 

Sweden 
Institute of Science and Technology, Meiji University, 

Japan 
International Agency for Cancer Research, Lyon 

(W.H.O.), France 
International Clinical Epidemiology Network 
Japan - U.S. Cooperative Science Program 
John and Augusta Persson Foundation, Lund, Sweden 
John S. Dunn Research Foundation, USA 
Johnson and Matthey Chemical Ltd., UK 
KabiVitrum Peptide Research, Mölndal, Sweden 
Kihara Science Foundation, Japan 
King Gustav V Jubilee Fund, Stockholm, Sweden 
Krebshilfe, Germany 
Laboratoires Debat, Saint Cloud, France 
Lalor Foundation, Wilmington, D E , USA 
Lund Health Care Authority, Sweden 
M E D A C Germany 
Medical Research Council of Canada 
M . E . N . , France 

Minister für Wissenschaft und Forschung des Landes 
Nordrhein-Westfalen, Germany 

Ministry of Agriculture, Fisheries and Food, U K 
Ministry of Education, Science and Culture, Japan 
Mirtha-Fish Dunn Fund, Texas, USA 
M . P . L , Rome, Italy 
MURST, Italy 
National Cancer Institute, USA 
National Institute of General Medical Sciences, USA 
National Institutes of Health, Bethesda, M D , USA 
National Science Foundation, USA 
Nordisk Insulinfonds Komite 
Ontario Heart and Stroke Founation, Canada 
Paulo Foundation, Finland 
Phi Beta Psi Sorority, USA 
Platinum Rustenberg Mines, Johannesburg, S. Africa 
Research Institute of University of Dayton, USA 
Richard Hunton Melanoma Research Fund, USA 
Rockefeller Foundation, USA 
Royal Perth Hospital Medical Research Foundation 

Australia 
Rush University Committee on Research, USA 
Sandoz Ltd., USA 
Shauder Fund for Medical Research, Tel-Aviv Uni­

versity, Israel 
Shorai Foundation for Science and Technology, Japan 
W.W. Smith Charitable Trust, USA 
Snedkermester Sophus Jacobsens og Hustrus Astrid 

Jacobsens Fond, Denmark 
Society of Research Associates of the Lautenberg 

Center for General and Tumor Immunology, 
Hadassah Medical School, The Hebrew University, 
Jerusalem, Israel 

State of California, USA 
Swedish Cancer Society 
Swedish Medical Research Council 
Swedish Society of Medicine 
Torsten and Ragnar Söderberg Fund, Stockholm, 

Sweden 
U . G . C . , India 
University of Lund Medical Faculty, Sweden 
University of Texas M.D. Anderson Annual Campaign 

Fund, USA 
University of Western Australia Faculty of Medicine 
U P G C Earmarked Grant, Canada 
Victoria Hospital Research Development Fund, 

Canada 
Volkswagen-Stiftung, Germany 
Will Rogers Foundation, USA 
Yrjö Jahnsson Foundation, Finland 
Zenyaku Kogyo Ltd., Japan 



in vivo 4: V (1991) 

Contents, Volume 5, 1991 

Number 1 

Immunological Effects of Tumor Vaccines: III. Influenza Virus Oncolysates Inhibit the TPA 
Induced Activation of Peripheral Blood Mononuclear Cells. C G . IOANNIDES, RS. 
FREEDMAN, R. PATENIA, J.M. BOWEN, N. WARD and CA. O' BRIAN (Houston, TX, 
USA) 1 
Dihydrofolate Reductase Gene Expression Characterized by the PCR Assay in Human 
Leukemia Cells. H. MIYACHI, H. HAN and K.I. SCANLON (Duarte, CA, USA) 7 
An in Vivo Animal Model to Study Chronic Adriamycin Cardiotoxicity: A P-31 Nuclear 
Magnetic Resonance Spectroscopy Investigation. R.T. THOMPSON, G.D. MARSH, T. 
BUTLAND, C SPRAGUE, S.E. SANFORD, H. PEEMOELLER, A. A. DRIEDGER and 
W.R. INCH ( L o n d o n , O n t a r i o , Canada) • 13 
Cytogenetic Characterization of Eight Human Lymphoblastoid Cell lines. N. J. GUPTA, 
V.L. HOPWOOD, C G . SAHASPABUDDHE, K. FURUKAWA and S. PATHAK (Houston, 
TX, USA) 17 
Increased Response to Cisplatin after Long-Term Serial Passage of a Squamous Cell 
Carcinoma Xenograft. R. RYDELL, S. LYBAK, J. WENNERBERG, R. WILLEN (Lund, 
Sweden) 23 
Influence of Treatment with the Immunomodulatory Effective Doses of the ß-Galactoside-
Specific Lectin from Mistletoe on Tumor Colonization in BALB/c-Mice for Two Ex­
perimental Model Systems. J. BEUTH, H.L.KO, H.-J. GABIUS and G. PULVERER (Köln; 
Göttingen, FRG) 29 
A Comparison of the Effects of Repeated Administration of Cyclophosphamide. Cytosine 
Arabinoside or their Combination on Smooth and Skeletal Muscle. T.Y.LOT, K.E. 
ONWUKEME (Jos, Nigeria) 33 
Effect of a 9 MT Pulsed Magnetic Field on C3H/Bi Female Mice with Mammary Carcinoma. 
A Comparison between the IZ HZ and the 460 HZ Frequencies. A. BELLOSSI, A. 
DESPLACES (Rennes Cedex; Saint Cloud, France) 39 
The Use of the Nb Rat in Combination Chemotherapeutic Experiments for Prostate Cancer. 
J.R. DRAGO and J. SMITH (Columbus, OH, USA) 41 
Effect of Intravenous Feeding on Wound Healing in Starvation. An Experimental Study on 
the Rabbit. K.A. HAUKIPURO, E.J. HARJU, L. RISTELI (Oulu, Finland) 43 
Mechanism of the Cytostasis Mediated by Blood Unstimulated Neutrophils on Syngeneic 
Rat Colon Cancer Cells. D. REISSER and C FADY (Dijon cedex, France) 49 
The Effect of Famotidine on the Neuromuscular Transmission. R. BOSSA, M. CHIERICOZ-
ZI, G. EFSTATHIU, I. GALATULAS and M. A. NINCI (Milan, Italy) 53 
The Effect of H2 Receptor Antagonistis on the Neuromuscular Transmission. R. BOSSA, M. 
CHIERICOZZI, G. EFSTATHIU, I. GALATULAS and M. A. NINCI (Milan, Italy) 57 
Cardiotoxicity of Anthracyclines. R. BOSSA, G. EFSTHATHIU, J. GALATULAS and M. A. 
NINCI (Milan, Italy) 61 

Zinc, Carotene and Retinol in Melanoma and Non-Melanoma Skin Cancer. T.O. SIU, T. 
BASU, L.M. JERRY (Hong Kong; A l b e r t a , C a n a d a ) 65 

Evaluation of Genotoxicity of Clafazimine, an Antileprosy Drug, in Mice in Vivo. III. Sister 
Chromatid Exchange Analysis in Bone Marrow Cells. B.C. DASH, B. ROY, R.K. DAS 
(Orissa, India) 69 



in vivo 4: VI (1991) 

Immunosuppression by an Immunogenic Immunomodulating Mycobacterial Fraction is 
Correlated to Changes in Phenotype Distribution of Murine Lymphoid Cells. G. RASHID, 
D. HALPERIN, I. ZAN-BAR, S. BEN-EFRAIM (Tel-Aviv, Israel) 71 

Nuniber 2 
Tumor Cell Lysis and Tumor Growth Inhibition by the Isotype Variants of MAb BR55-2 
Directed Against Y Oligosaccharide. Z. STEPLEWSKI, M.D. LÜBECK, D. SCHOLZ, H. 
LOIBNER, J. McDOLAND SMITH, H. KOPROWSKI (Philadelphia, PA, USA; Vienna, 
Austria) 79 
Carcinogenesis in Rats by Substituted Dialkylnitrosamines Given by Gavage. W. LIJINSKY, 
J.E. SAAVEDRA, R.M. KOVATCH (Frederick, MD, USA) 85 
Red Blood Cell Polyamine Evolution during Normal Growth in Mouse. V. QÜEMENER, C. 
MARTIN, R. HAVOUIS and J.PH. MOULINOUX (Rennes Cedex, France) 91 
Carcinogenic Fungal Hydrazines. B. TOTH ( O m a h a , NE, USA) 95 
Macrophage Stimulation Activity of Antimicrobial N, N-Dimethylaminoethyl Paramylon. H. 
SAKAGAMI, K. KIKUCHI, M. TAKEDA, T. SATO, S. ICHIKAWA, M. FUJIMAKI, C. 
WADA and N. KOMATSU (Tokyo; Ibaraki, Japan) • 101 
Induction of Uterine Adenomyosis by Pituitary Grafting and Retardation of its Development 
by Bromocriptine-Mesilate (CB-154) in BALB/c Mice. T. MORI, S. KAWASHIMA and H. 
NAGASAWA (Tokyo; Kawasaki, Japan) 107 
Cause of Pregnancy-Dependent Mammary Tumour-Induced Suppression of Lactation in 
GR/A Mice. H. NAGASAWA, M. SUZUKI, Y. YAMAMURO, N. SENSUI, T. INABA and 
J.-I. MORI (Kawasaki; Fujisawa; Sakai; K a n a g a w a , Japan) 111 
Protection by Tree-Peony (Paeonia Suffruticosa Andr) of Obesity in (SLN x C3H/He) Fl 
Obese Mice. H. NAGASAWA, T. IWABUCHI and H. INATOMI (Kanagawa, Japan) 115 
Preliminary Experience with Intraperitoneal Catheters in the Treatment of Ovarian Cancer. 
C. -G. MÄHLCK, K. O. ROGO and U. STENDAHL (Umeä, Sweden) 119 
Distribution of m-IBG in Nude Mice Bearing LAN-5 Neuroblastoma Xenografts and in Vitro 
Cell Culture. H. VAN DER WALL, M. DURBIDGE, L. WHITE, D. TAYLOR and I.P.C. 
MURRAY (Randwick; Sydney, Australia) 123 
The Regularity of Intersteroidal Relation in Urine as Related to the Law of Mass Action. M. 
KODAMA, T. KODAMA, R. TOTANI and Y. ASO (Nagoya; Tokyo, Japan) 127 
Cell Cycle Time, Growth Fraction and Cell Loss in Xenografted Head and Neck Cancer. 
U.K. ZÄTTERSTRÖM, A. KÄLLEN and J. WENNERBERG (Lund, Sweden) 137 
Hypoglycemic Activity of E u g e n i a J a m b o l a n a and Ficus Bengalensis: II. Mechanism of 
Action. S. ACHREKAR, G.S. KAKLIJ and S.M. KELKAR (Bombay, India) 143 
The in Vivo Effects of Recombinant Human Erythropoietin on Cisdiamminodichloroplati-
num - Induced Anemia in Golden Syrian Hamsters. V. GEBBIA, S. PALMERI, R. 
VALENZA, L. RAUSA and P. CITARRELLA (Palermo, Italy) 149 
An Evaluation of Two Animal Models for Dietary Influences on Reproductive Toxicology. 
M. H. BRINKWORTH and D. ANDERSON ( C a r s h a l t o n , Surrey, UK) 153 
Effect of Conjugation on the Biodistribution of mIn-Labelled Anti-PAP and Anti-PSA 
Monoclonal Antibodies Examined in Nude Mice with PC-82 Human Tumor Xenografts. M. 
PERÄLÄ, P. VIHKO, I. PELKONEN, A. LAINE and R. VIHKO (Oulu; Turku, Finland) 159 

Possible Patterns of Nuclear Rotation in Binucleate Hepatocytes in Vivo: Static Examination 
with Fluorescence and Electron Microscopy. S. BARNI and E. SCHERINI (Pavia, Italy) 167 
Effect of Reserpine and Calcium Antagonists on Doxorubicin Storage in Various Organs of 
Young and Senescent Rats. A. PELLEGRINI, P. SOLDANI, M.C. BRESCHI and A. 
PAPARELLI (Pisa, Italy) 171 



in vivo 4: VII (1991) 

Effect of Extra-Genital Schistosoma mansoni and Echinostoma caproni Infections on Serum 
Levels of Pregnancy - Associated Murine Protein-1 during Murine Pregnancy. E. BINDSEIL, 
L.L. IVALO ANDERSEN, N. LINDAHL KROG, J. HAU (Frederiksberg, D e n m a r k ) 175 
A Model for i n Vivo Serial Investigation of Hepatic Metabolism Using 3 1 P Nuclear Magnetic 
Resonance Spectroscopy. R.T. THOMPSON, A.L. SCHNEEBERGER, G.D. MARSH, 
A.A. DRIEDGER, R.I. INCULET ( L o n d o n , O n t a r i o , C a n a d a ) 179 
Progression of Human Endometrial Adenocarcinoma Heterotransplanted into Nude Mice 
from Hormone-Sensitive to Hormone Resistant Growth. G. HORVATH, M. FERNÖ, B. 
BALDETORP, R. CAMERON and J. RANSTAM (Lund, Sweden) 185 

Number 3 
Special Issue on Immunopathology 
Edited by G.R.F. Krueger 

Introduction: International Institute of Immunopathology (IUP), Inc. G. R. F. KRUEGER, A. 
RAMON and L. M. BUJA (Huston, TX, USA; Cologne, FRG) 191 
Human Herpesvirus-6 (HHV-6). D. V. ABLASHI, S. Z. SALAHUDDIN, S. F. JOSEPHS, N. 
BALACHANDRAN, G. R. F. KRUEGER and R. C. GALLO (Bethesda; Rockviile, MD; Los 
Angeles, CA; Kansas City, KS, USA; Cologne, FRG) 193 
Postinfectious Chronic Fatigue Syndrome: Case History of Thirty Five Patients in Germany. 
A. HILGERS, G. R. F. KRUEGER, U. LEMBKE and A. RAMON (Duesseldorf; Cologne, 
FRG) 201 
Höw Does the Subjective Experience of Stress Relate to the Breakdown of the Human 
Immune System? E. KRUEGER and G. R. F. KRUEGER (Stevens Point, WI; H o u s t o n , TX, 
USA) 207 
Isolation of Human Herpesvirus-6 (HHV-6) from Patients with Collagen Vascular Diseases. 
G. R. F. KRUEGER, C. SANDER, A. HOFFMANN, A. BARTH, B. KOCH and M. BRAUN 
(Cologne, FRG) 217 
Keratinocyte Lipid Fluidity under the Influence of Cholesterols, Hydrocortisones, "Active 
Lipid", Tocopherol and Retinoic Acid - A Fluorescence Polarization Study with Regard to 
Physiological and Pathophysiological Epidermopoiesis and its Therapeutic Accessibility. B. 
BONNEKOH, S. DAEFFLER, G. R. F. KRUEGER and G. MAHRLE (Cologne, FRG; 
H o u s t o n , TX, USA) 227 
Rearrangements of Immunoglobulin- and BCR- Genes in Chronic Myeloid Leukemia. H. 
TESCH, C. FONATSCH and V. DIEHL ( C o l o g n e ; Lübeck, FRG) 233 
Altered Membrane Fluidity Occurs during Metabolie Impairment of Cardiac Myocytes. L. M. 
BUJA, J. C. MILLER and G. R. F. KRUEGER (Cologne, FRG; H o u s t o n , TX, USA) 239 
Age Dependence and Prognostic Impact of Neuron Specific Enolase (NSE) in Children with 
Neuroblastoma. F. BERTHOLD, U. ENGELHARDT- FAHRNER, A. SCHNEIDER, R. 
SCHUMACHER and J. ZIESCHANG ( C o l o g n e , FRG) 245 
Thymic Lymphocytes and Thymic Epithelial Cells in 4 Cases of Congenital Immunodefi­
ciency. TH. STALLMACH (Cologne, FRG) 249 

Human Herpesvirus-6 Infection May Predispose Cells for Superinfection by Other Viruses. 
M. SCHONNEBECK, G. R. F. KRUEGER, M. BRAUN, M. FISCHER, B. KOCH, D. V. 
ABLASHI and N. BALACHANDRAN (Cologne, FRG; Bethesda, MD; Kansas City, KS, 
USA) 255 
Active Human Herpesvirus-6 (HHV-6) Infection Associated with Kikuchi-Fujimoto Disease 
and Systemic Lupus Erythematosus (SLE). A. HOFFMANN, E. KIRN, A. KUERTEN, CH. 
SANDER, G. R. F. KRUEGER and D. V. ABLASHI (Cologne, FRG; Bethesda, MD, U S A ) . . . 265 



in vivo 4: VIII (1991) 

Frequent Double Infection with Epstein-Barr Virus and Human Herpesvirus-6 in Patients 
with Acute Infectious Mononucleosis. G. BERTRAM, N. DREINER, G. R. F. KRUEGER, A. 
RAMON, D. V. ABLASHI, S. Z. SALAHUDDIN and N. BALACHANDRAN (Cologne, FRG; 
Bethesda, MD; Kansas City, KS, USA) 271 
Chronic Granulocytic Leukemia in Blastic Crisis. Prognosis Factors. V. SALES, J. ROJO, J. 
COLLAZO, E. LAGUNAS, E. AGUILAR and L. ALBISUA (Mexico City, Mexico) 281 
Clinical Indication and Diagnostic Techniques of Human Herpesvirus-6 (HHV-6) Infection. 
G. R. F. KRUEGER, D. V. ABLASHI, S. F. JOSHPHS, S. Z. SALAHUDDIN, U. LEMBKE, 
A. RAMON and G. BERTRAM (Cologne, FRG; Washington, DC; Bethesda, MD, USA) 287 
Non Hodgkin Lymphoma (NHL) of the Testicle. A Clinicopathologic Study of 19 Patients. 
J. ROJO, V. SALES, A. PAREDES and J. SORIANO (Mexico City, Mexico) 297 

Number 4 

Response to Chemotherapy of Non-Small Cell Bronchial Rat Tumours Growing Subcutaneous-
ly or in the Lung. H.B. KAL, P.J.N. MEUNDERS, A.H. VAN BERKEL, D.W. VAN BEKKUM 
(Rijswijk, The Netherlands) 301 
Preclinical Screening of in Vivo Interactions between Myelopoietic Growth Factors and 
Antitumour Drugs for Therapy of Myeloid Leukaemia Patients (Review). H.T. HASSAN, H.R. 
MAURER (Alexandria, Egypt; Berlin, Germany) 307 
Plasminogen Activator in Human Breast Cancer Cytosols- Revisited after Five Years. R.NG, 
D.J.A. SUTHERLAND, J.P. SZALAI, J.A. KELLEN (Toronto, Ontario, Canada) 313 
Ras p21 Expression in Brain Tumours: Elevated Expression in Malignant Astrocytomas and 
Glioblastomas Multiforme. D. ARVANITIS, A. MALLIRI, D. ANTONIOU, S. LINARDO-
POULOS, J.K. FIELD, D.A. SPANDIDOS (Athens; Heraklion, Greece; Liverpool, U.K.) 317 
Quantification of Experimental Pulmonary Metastases by Image Analyzer. M. IWAHANA, A. 
TOHGO, N.G. TANAKA, Y. OSADA (Tokyo, Japan) 323 
Pharmacological and Toxicological Studies on New Rh(I) Organometallic Complexes. D.G. 
CRACIUNESCU, V. SCARCIA, A. FURLANI, A. PAPAIOANNOU, E.P. IGLESIAS, M.P. 
ALONSO (Madrid, Spain; Trieste, Italy) 329 
Modulation of N-Nitrosomethylurea Induced Mammary Tumorigenesis by Dietary Fat and 
Voluntary Exercise. L.A. COHEN, K. CHOI, J.-Y. BACKLUND, R. HARRIS, C.-X. WANG 
(Valhalla, NY, USA) 333 
Cycle Changes in the Expression of Endometrial Proteins of the Mouse during the Normal Estrus 
Cycle. B. HORVAT (Philadelphia, PA, USA) 345 
Emigration of Activated Leukocytes Augments Transvascular Permeability in Mesenteric 
Venules of Rat. K. OOKAWA, M. SATO, N. OHSHIMA (Ibaraki, Japan) 349 
In Vitro Interferon and Virus Production at in Vivo Physiologie Oxygen Tensions. P. EBBESEN, 
F.D. TOTH, J.A. VILLADSEN, N. N0RSKOV - LAURITSEN (Aarhus, Denmark; Debrecen, 
Hungary) 355 
In Vitro Fertilization of Oocytes from Polyovular Follicles in Mouse Ovaries Exposed Neonatally 
to Diethylstilbestrol. T. IGUCHI, K. KAMIYA, Y. UESUGI, K. SAYAMA, N. TAKASUGI 
( Y o k o h a m a , Japan) 359 
Macrophage Involvement in the Antitumoral Effect ot Nocardia-Delipidated Cell Mitogen o. 
LEIBOVICI, S. HOENIG, A. PINCHASSOV, R. BAROT - CIORBARU (Tel Aviv, Israel; Orsay, 
France) 365 
Chemosensitivity Spectrum of a Human Pleural Mesothelioma Xenograft Grown in Athymic 
Rats. C.-J. LINDEN (Lung, Sweden) 375 
The Regeneration of Triturus Limbs Deformed by a Carcinogen. N.P. ZILAKOS (Athens, 
Greece) 381 



in vivo 4: IX (1991) 

The Relationship between Cytotoxic Drug Exposure and Tumour Cell Kill, in Vitro and in Vivo. 
D.J. KERR, H.E. SMART (Glasgow, O.K.) 385 
Prophylactic Anti-Tumor Effect of Hochu-Ekki-To (TJ41) by Enhancing Natural Killer Cell 
Activity. J.-M. CHO, N. SATO, K. KIKUCHI (Sapporo, Japan) 389 
Multiple Administration of Carbonazepine, Typical and Atypical Antidepressant Drugs on 
Clonidune - Induced Hypoactivity in Mice. L. DE/ANGELIS (Trieste, Italy) 393 
The Protective Effect of Guar Gum against Stress - Induced Gastric Ulcers in the Rat. E. HARJU, 
J. SAJANTI (Tyräskylä, Finland) 397 
Estradiol Induced Changes in Tumor Growth and Steroid Receptor Content in a Heterotrans-
plated Human Endometrial Adenocarcinoma. G. HORVATH, M. FERNÖ, B. BALDETORP, R. 
CAMERON, J. RANSTAM (Lund, Sweden) 401 
Embryopathie Action of N-Nitrosomethylurea in the Male Mouse Manifest for Three Genera-
tions. B.N. HEMSWORTH (Cleveland, U.K.) 407 
Lack of Synergy between 5-Fluorouracil and Interferon-y in the Treatment of Malignancy in the 
Rat. J.P. CODDE, J.A. VINES, P.A. VAN DER MEIDE, M.A. BURTON, B.N. GRAY (Perth, W. 
Australia; Rijswick, The Netherlands) 413 
Diagnosing Mammary Cancer among an Unselected Finnish Population. Proposal for Practical 
Improvements. E. HARJU, A.-L. VUORELA, R. KREES, L. PUNTO (Juväskylä, Finland) 419 
Embryopathie Action of Ethylnitrosourea in the Male Mouse Manifest in the First Generation. 
B.N. HEMSWORTH (Cleveland, U.K.) 421 
Antitumor Organometallics. II. Inhibitory Effects of Two Diphenyl - Antimony (III) Dithiophos-
phorus Derivatives on in Vitro and in Vivo Ehrlich Assites Tumor. C. SOCACIU, A. BARA, C. 
SILVESTRU, I. HAIDUC (Cluj-Napoca, Romania) 425 
Cardioprotective Effects of Sodium Gamma - Hydroxybutyrate on Brain Induced Myocardial 
Injury. A. KOLIN, A. BREZINA, M. MAMELAK (Toronto, Ontario, Canada) 429 
Immunogold Localization of a Nuclear Protein at Different States of the Cell Cycle in Normal 
and Tumor Cells. E.C. CHEW, A.S.O. YEUNG, S.B. CHEW, S.C.H. MOK, C.C. LIEW (Hong 
Kong; Toronto, Ontario, Canada) 433 

Number 5 
Special Issue on Recent Trends in Development 
Edited by P.A. Tsonis 

Recent Trends in Development. P.A. TSONIS (Dayton, OH, USA) 441 
Models of Pattern Formation in Insect Oocytes. J.G. KUNKEL (Amherst, MA, USA) 443 
The Molecular Basis of Positional Information. D. SUMMERBELL, J.C. SMITH and M. 
MADEN (London, UK) 457 
The Amphibian Embryo: An Experimental Model for the in Vivo Analysis of Interactions 
between Embryonic Cells and Extracellular Matrix Molecules. J.-C. BOUCAUT, TH. 
DARRIBERE, D.L. SHI, J.-F. RIOU, M. DELARUE and K.E. JOHNSON (Paris, France; 
Washington, DC, USA) 473 

Alkaline Phosphatases as Reporters of Developmental and Cancerous Events. N. 
FRÖHLANDER and J.L. MILLÄN (La Jolla, CA, USA) 483 
Cellular Interactions with Fibronectin as a Model for Redundant Binding of Cells to Other 
Extracellular Matrix Proteins. W.S. ARGRAVES and K.R GEHLSEN (Rockville, MD, USA) 489 
Programmed Cell Death (Apoptosis) in Murine Blastocysts: Extracellular Free-Radicals, 
Polyamines, and Other Cytotoxic Aqents. R.E. PARCHMENT (Dayton, OH, USA) 493 



in vivo 4: X (1991) 

The Macrophage: Hunter and Gatherer, RA. LANG (San Francisco, CA, USA) 501 
Cadherins and Associated Proteins. M.J. WHEELOCK and K.A. KNUDSEN (Toledo, OH; 
Wynnewood, PA, USA) 505 
Decision Making in Interstitial Stem Cells of Hydra. T.C.G. BOSCH and C.N. DAVID 
(Munich, FRG) 515 
The Molecular Genetics of Tail Development in D r o s o p h i l a Melanogaster. L.A. PERKINS 
and N. PERRIMON (Boston, MA, USA) 521 
Late Events in Chondrocyte Differentiation: Hypertrophy, Type X Collagen Synthesis and 
Matrix Calcification. TH. M. SCHMID, D.K. BÖNEN, L. LUCHENE and TH. F. LINSEN­
MAYER (Chicago, IL; Boston, MA, USA) 533 
Amphibian Limb Regeneration. P.A. TSONIS (Dayton, OH, USA) 541 

Number 6 
Special lssue on Immunotherapy of Cancer 
Edited by C.J. Ioannides and W. Den Otter 

Concepts in Immunotherapy of Cancer: Introduction. C.J. IOANNIDES, W. DEN OTTER 
(Houston, TX, USA; Utrecht, The Netherlands) 551 
Cancer Therapy with Tumor-Infiltrating Lymphocytes: Evaluation of Potential and Limita-
tions. T.L. WHITESIDE (Pittsburgh, PA, USA) 553 
Effective Immunotherapy with Local Low Doses of Interleukin-2 W. DEN OTTER, R.A. 
MAAS, J.W. KOTEN, H.F.J. DULLENS, M. BERNSEN, W.R. KLEIN, V.P.M.G. RUTTEN, 
P.A. STEERENBERG, L. BALEMANS, E.J. RUITENBERG, F.W. GRAHAM HILL, A.P.M. 
HEINTZ (Utrecht; B i l t h o v e n ; Amsterdam, The Netherlands; Harare, Zimbabwe) 561 
Cancer Therapy with Interleukins 1,4 and 6 and Combinations of Cytokines: A Review. 
H.F.J. DULLENS, C.L. DE WIT (Utrecth, The Netherlands) 567 
Granulocyte-Macrophage Colony Stimulating Factor (GM-CSF) in the Management of 
Cancer. D. FAN, CA. O' BRIAN, C G . IOANNIDES, R.K. CLYNE (Houston, TX, USA) 571 
Intracavitary Beta-Interferon for the Management of Pleural and/or abdominal Effusions in 
Patients with Advanced Cancer Refractory to Chemotherapy. V. GEBBIA, A. RUSSO, N. 
GEBBIA, R. VALENZA, A. TESTA, L. RAUSA, S. PALMERI (Palermo, Italy) 579 
Interleukin 6 and Cancer Therapy. O. MARTINEZ-MAZA, J.S. BEREK (Los Angeles, CA, 
USA) 583 
Interferons in the Treatment of Malignancies. D. KARDAMAKIS (Athens, Greece) 589 
Non Specific Immunotherapy with B.C.G. in Superficial Bladder Cancer: An Overview. 
A. P. M. VAN DER MEIJDEN (Hertogenbosch, The Netherlands) 599 
The Present Status of BCG Therapy in the Veterinary Practise. W.R. KLEIN, V.P.M.G. 
RUTTEN, P.A. STEERENBERG, E.J. RUITENBERG (Utrecht; B i l t h o v e n ; Amsterdam, The 
Netherlands) 605 
Adoptive Transfer of Activated Human Autologous Macrophages Results in Regression of 
Transplanted Human Melanoma Cells in Seid Mice. N.G. CHAKRABORTY, T. OKINO, P. 
STABACH, S.J. PADULA, H. YAMASE, E. MORSE, R.I. SHA' AFI, D.R. TWARDZIK, L.J. 
SHULTZ, B. MUKHERJI (Farmington, CT; Seattle, WA; B a r Harbor, ME, USA) 609 
Anti-Idiotype Cancer Vaccines: Pre-clinical and Clinical Studies. D. HERLYN, A. BENDEN, 
M. KANE, R. SOMASUNDARAM, J. ZALOUDIK, M. SPERLAGH, G. MARKS, E. HART, 
C. RALPH, M. WETTENDORFF, M.. MASTRANGELO (Philadelphia, PA, USA) 615 
Recognition of Transformed Cells by Autologous Lymphocytes: A Review. E. KLEIN, E. 
KEDAR, P. WANG, F. VANKY (Stockholm, Sweden; Jerusalem, Israel) 625 



in vivo 4: XI (1991) 

Suppressor Function of Lymphocytes Activated in in Vitro Co-Culture against Autologous 
Tumor Cells and Expanded in Interleukin-2. T. OKINO, N.G. CHAKRABORTY, M.T. 
ERGIN, B. MUKHERJI (Farmington, CT, USA) 631 
Mechanisms of Tumor Regression Induced by Low Doses Interleukin-2. R.A. MAAS, H.F.J. 
DULLENS, W. DEN OTTER (Utrecht, The Netherlands) 637 
BCG Therapy for Superficial Bladder Cancer: Fundamental Aspects. M.A. HUDSON, T.L. 
RATLIFF ( H o u s t o n , TX; St Louis, MO, USA) 643 
Immunological Properties of Melanoma Tumor-Infiltrating Lymphocytes before and after 
IL-2-based Biotherapies. K. ITOH, C M . BALCH, J.L. MURRAY, D.R. PARKINSON, A.B. 
MARKOWITZ, M. TALPAZ, K. LEE, A.A. ZUKIWSKI, M.I. ROSS, S.S. LEGHA, K. 
HAYAKAWA, M.A. SALMERON, L.B. AUGUSTUS (Houston, TX, USA) 647 
Mechanism of BCG Induced Regression of Line 10 Hepatocarcinoma in the Guinea Pig. 
P.A. STEERENBERG, W.H. DE JONG, E.J. RUITENBERG (Bilthoven; Amsterdam, The 
Netherlands) 655 
Immunogenicity and Involvement in the Host's Effector Mechanisms of the Oncogene-
Induced Transformation-Associated Cell Surface Antigens. N. SATO, J.-M. CHO, T. 
TAKASHIMA, N. TSUBOI, T. NIHEI, Y. WADA, K. KIKUCHI (Sapporo, Japan) 663 
Leukocytes and Cytokines in the Urine of Superficial Bladder Cancer Patients after 
Intravesical Immunotherapy with Bacillus Calmette-Guerin. E.C. DE BOER, W.H. DE 
JONG, P.A. STEERENBERG, A.P.M. VAN DER MEIJDEN, L.A. AARDEN, F.M.J. 
DEBRUYNE, E.J. RUITENBERG (Bilthoven, Nijmegen; Hertogenbosch; Utrecht; Amster­
dam, The Netherlands) 671 
Tumour Regression by IL-2 Mediated Stagnation of Blood Flow. H.J.I. DE MIK, J.W. 
KOTEN, R.A. MAAS, H.F.J. DULLENS, W. DEN OTTER (Utrecht, The Netherlands) 679 
Index of Volume 5 

Errata 
Page 108: Figure 2 should appear with the right side up. 

Page 180, left column, line 10 should read: 

similar conditions. A spcctral width of ± 2000 Hz and 2048 data points 

Page 180, left column, line 35 should read: 
pH = pK + log [ö M . P i - ö ( H 2 P 0 ä , l / [ 6 ( H 2 P 0 4 ) - ö M . P i ] 

Page 180, left column, line 47 should read: 
{Mg4 (] = K d ( (6 A T p-6 a . B ) / ( ö c t . ß -6 M g A . , -p ) ) 

Page 197: Photograph was printed inverted. 

Volume 4 (1990): Page 341, right column, line 6 should read: 

Furthermore, populations of metaphase chromosomes treated 

Volume 4 (1990): Page 342, right column, line 8 should 
read: 
interior of the chromosomes (117). In vitro exposure to 

Volume 4 (1990): Page 347, left column, line 43 should 
read: 
preparations are small and compact compared to the long thin 
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Decision Making in Interstitial Stern Cells of Hydra 
T H O M A S C G . B O S C H and C H A R L E S N . D A V I D 

1 Z o o l o g i c a l I n s t i t u t e , University of M u n i c h , Luisenstr. 14, 8 0 0 0 M u n i c h 2 , F . R . G . 

Abstact. Intersitial stem cells in Hydra are a continuously 
proliferating and differentiating cell population. They repre-
sent a useful model System for studying mechanisms Control­
ling stem cell differentiation. H e r e we review our c u r r e n t 
knowledge ofthe differentiation potential of these cells, Inters­
titial stem cells are multipotent and able to differentiate into 
several different cell types. The differentiation decisions appear 
to be controlled by positional Signals and by the composition 
of the cellular environment. Since interstitial stem cells can be 
cultured in an in vivo environment and appear to be accessible 
to experimental m a n i p u l a t i o n by a ränge of new molecular 
techniques, an in vivo analysis of the molecular mechanisms 
underlying stem cell decision m a k i n g can now be approached. 

Introduction 

The freshwater polyp Hydra is a phylogenetically ancient 
multicellular organism with a relatively simple tissue struc-
ture. During asexual growth of the polyp its nerve cells, gland 
cells and nematocytes arise from a population of interstitial 
stem cells. Since these stem cells are a continuously prolifer­
ating and differentiating cell population which can be cul­
tured and analyzed in an in vivo environment, they represent 
a useful model System for analysing the mechanisms Controll­
ing stem cell differentiation. In this review we discuss the 
differentiation behavior of these cells and the factors in-
fluencing it. We demonstrate that the interstitial stem cells 
are multipotent in the sense that they are able to differentiate 
into somatic cells (nematocytes, nerve cells and gland cells) as 
well as into germ line cells (sperm and eggs). The differentia­
tion decisions appear to be controlled by morphogenetic 
Signals associated with the position of stem cells within the 

Correspondence to: Dr. Thomas C G . Bosch, University of 
Munich, Zoological Institute, Luisenstrasse 14, 8000 Munich 2, 
FRG 

Key Words: Hydra, interstital stem cells, differentiation, mor­
phogenetic Signals. 

body column as well as by the composition of the cellular 
environment and the presence of neuropeptides. We con-
clude by showing that hydra stem cells appear to be accessible 
to experimental manipulation by a ränge of new molecular 
techniques so that now an in vivo analysis of the molecular 
mechanisms underlying stem cell decision making can be 
approached. 

In vivo cloning of interstitial stem cells in hydra 

The main evidence for interstitial stem cells in H y d r a comes 
from in vivo cloning experiments (1, 2). To prepare intersti­
tial stem cell clones, small numbers of dissociated donor cells 
were mixed with large numbers of host cells and centrifuged 
to form aggregates which then regenerated normal polyps. In 
such regenerated polyps of Hydra magnipapillata all stem cell 
clones were capable of differentiating somatic cells, i.e. nerve 
cells, nematocytes and gland cells (2). Since 87 out of 92 
clones could also give rise to male and female gametes, we 
concluded that H. magnipapillata contains multipotent stem 
cells capable of germ line and somatic differentiation. Re-
cently, evidence for such a multipotent stem cell population 
has also been found in a second species of hydra, H . oligactis 
(3). 

In numerous cloning experiments no stem cell clones were 
found containing only one differentiated type of somatic 
cells. Thus, there is no evidence for extensively proliferating 
subpopulations of somatic intermediates (e.g., nerve precur-
sors) in hydra. This is supported by the Observation that in 
tissue which displays extensive nerve cell differentiation (the 
peduncle region of H . oligactis polyps) only stem cells and 
postmitotic nerve cell precursors are present (4). Thus, 
signals inducing nerve cell differentiation appear to affect the 
multipotent stem cells themselves. 

In the gamete differentiation pathway, however, unipotent 
subpopulations of interstitial cells have been isolated. They 
are capable of extensive proliferation but commited to either 
spermatogenesis (5) or oogenesis (3). These unipotent stem 
cells are present in asexually proliferating polyps in low 
numbers and dividing at a slower rate than their multipotent 

0258-851X/91 $2.00+.40 515 
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Figurc 1. Schematic diagram of the i n t e r s t i t i a l stem cells generating somatic and germ cells (modified f r o m Bosch and David, J 9 8 6 ) . 

precusor cells (6). In response to environmental Stimuli such 
as low temperature, these cells Start to proliferate rapidly and 
differentiate into gametes. Whether the environmental Stimu­
lus serves directly as a signal triggering these cells to gamete 
differentiation or whether the cells are able to complete their 
differentiation program only under certain environmental 
conditions remains to be shown. 

When cloning stem cells from male polyps of H. magnipa­
pillata we found, to our surprise, clones producing both male 
gametes and clones producing female gametes (2). Clones 
from female polyps, by comparison, differentiated female 
gametes only. The Observation of male and female gametes in 
male polyps raised the possibility that male stem cells could 
switch their sexual phenotype to female. To test this idea we 
recloned the stem cells from a male clone (7). After about 200 
days in culture we found 5 out of 15 male polyps containing 
both male and female stem cells. Thus, stem cells from male 
polyps indeed occasionally switch the sexual phenotype. Stem 
cells from female polyps, by comparison, were found to be 
stable in their sexual differentiation capacity after recloning. 

Two more features of hydra interstital stem cells are of 
interest. First, the interstitial stem cells are not only the 

precursors for germ cells but also themselves responsible for 
sex determination (8, 9). Somatic components (e.g., epithe­
lial cells) do not play a role in determining the sexual 
phenotype. Second, male interstitial cells of hydra suppress 
the ability of female stem cells to differentiate eggs thereby 
causing «masculinization» of females. They, however, do not 
interfere with the ability of female stem cells to proliferate 
and produce somatic cells. The suppression of female gamete 
differentiation by male interstitial cells was demonstrated 
experimentally by introducing male stem cells into female 
tissue by grafting (10, 11). The observed inhibition of female 
differentiation by male cells also explains the failure of 
female stem cells in «male» polyps to differentiate. The 
molecular nature of this suppression is completely unknown. 
Since a few male interstitial cells are sufficient to masculinize 
female tissue (10), direct cell-cell interaction between male 
and female cells probably is not involved. It appears more 
likely that male stem cells produce a humoral suppressor 
moleeule. Its molecular characterization promises interesting 
insights into how different cell populations communicate with 
each other in these ancient metazoa. Figure 1 summarizes 
these findings and illustrates our current view of the dif-
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Figurc 2. In vivo localization of i n t e r s t i t i a l stem cells of H y d r a m a g n i p a p i l l a t a in e p i t h e l i a l host tissue. The i n t e r s t i t i a l cells were introduced by I m p l a n t a t i o n 
of a small piece (about 3 0 0 e p i t h e l i a l cells) of donor tissue into e p i t h e l i a l host tissue. In this nerve free environment stem cells do not p r o l i f e r a t e but 
differentiate into nerve cells and nematocytes ( 1 9 ) . (A) C a m e r a l u c i d a d r a w i n g showing localization of donor tissue ( b l a c k ) , presence of donor i n t e r s t i t i a l 
cells 4 8 h r after I m p l a n t a t i o n (grey) and a r e a depicted in B ( s q u a r e ) . (B) V i s u a l i z a t i o n of donor i n t e r s t i t i a l cells by monoclonal antibody C 4 1 . 

ferentiation and proliferation potential of hydra interstitial 
stem cells. 

In vivo localization of interstitial stem cells 

Interstitial stem cells in hydra are located primarily in the 
ectoderm throughout the gastric region (12). Althougb 
there have been numerous reports of interstitial cell 
migration in hydra (13, 14, 15), recent experiments with 
genetically marked interstitial cell clones indicated that 
stem cells grow as contiguous patches of cells (16). The 
finding of patches of clonally derived interstitial cells 
implys that the extent of migration of interstitial stem cells 
i n vivo is limited. The earlier Observation of migration in 
transplantation experiments could be explained by the 
finding that wounding, i.e. grafting itself, stimulates 
migration (17). In undisturbed tissue, however, interstitial 
stem cells appear not to crawl around extensively. 

The growth of interstitial cells in clonal patches has 
important consequences for the distribution of stem cells 
to daughter polyps. For example, if in a male polyp (which 
contains male and female stem cells, see above) a clonal 
patch of female stem cells occurs close to the budding 
region, this bud will obtain only female cells and therefore 
become phenotypically female. Thus, due to the growth of 

stem cells in clonal patches male polyps can occasionally 
give rise to female polyps, as is indeed observed ex-
perimentally (ref. in 7). 

Role of the cellular environment in stem cell differentiation 

Interstitial cells grow and differentiate in the interstices 
between ectodermal epithelial cells. In addition to epithelial 
cells, the interstitial space can have contact to the mesoglea, a 
thin acellular basement membrane which is separating en­
doderm from ectoderm. Thus, the major cellular components 
of the microenvironment in which interstitial stem cells grow 
and make their decisions are epithelial cells and cells of the 
interstitial cell lineage themselves, i.e. nerve cells and nema-
toblasts. The mesoglea may represent an important acellular 
component of the microenvironment. To study the role of the 
cellular environment in stem cell proliferation and dif­
ferentiation, stem cells have been introduced into a variety of 
different host tissues by transplantation as illustrated in 
Figure 2. The results of a number of experiments have 
documented two environmental parameters as particularly 
important. The first parameter - nerve cell density in host 
tissue - positively influences proliferation. The second para­
meter - interstitial cell density - negatively influences prolif­
eration. 
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Nerve cells present in the head were shown to stimulate 
stem cell proliferation (18). When stem cells were introduced 
into host tissue with progressively increased numbers of nerve 
cells the growth rate of interstitial cells was positively corre-
lated to the nerve cell density (19). Hosts with low nerve cell 
density inhibit stem cell proliferation; hosts with normal high 
nerve cell densities support rapid stem cell proliferation. 

The growth rate of stem cells is also negatively correlated 
to the level of interstitial cells present: growth of interstitial 
cells is faster in tissue with reduced interstitial cell numbers 
than in normal tissue (6, 20, 21, 22). This finding indicates 
that stem cell proliferation is controlled by a feed back signal 
from interstitial cells and their derivatives: decreasing the 
number of stem cells causes an increase in the self-renewal 
probability (Ps) and leads to recovery of normal stem cell 
levels (22). Conversely, increasing the number of stem cells 
decreases the self-renewal probability. 

The nature of the signal(s) by which interstitial cells 
measure their density is unknown. There is evidence suggest-
ing that the feedback signal is of short ränge (19, 22, 23). 
When tissue containing a low density of stem cells is grafted 
to tissue with high interstitial cell density, the stem cells at 
low density continue to proliferate rapidly and are not 
affected by the stem cells growing at high density. Whether 
the signal is a diffusible molecule produced by stem cells or 
whether density measurement is mediated directly by cell-cell 
contact has not yet been determined. Feedback regulation by 
stem cell density does not, however, occur after grafting 
tissue between genetically unrelated strains (24). Under these 
conditions the stem cells behave as if the genetically distinct 
cells are not present. 

Factors influencing stem cell differentiation in vivo 

The differentiation pattern of interstitial stem cells exhibits a 
strong dependence on position along the body axis. Intersti­
tial stem cells are found throughout the gastric region; they 
are absent, however, in the head and foot region (12). 
Nematocyte differentiation occurs exclusively in the gastric 
region with stenoteles produced more proximally and de-
smonemes produced more distally (25). Thus, positional 
signals are involved in the decision for nerve and nematocyte 
differentiation. What molecules in the environment serve 
interstitial cells as positional cues in their decision making? 

Much attention has concentrated on the role of the 
neuropeptide «head activator» (HA) in specifying positional 
information in hydra (27). The 11 amino acid peptide (Glu-
Pro-Pro-Gly-Gly-Ser-Lys-Val-Ile-Leu-Phe; purified by Schal­
ler and Bodenmüller, (28) is capable of causing nerve cell 
commitment in all parts of hydra tissue (29) in the concentra-
tion ränge of 0.1 - 10 pM. Up to 50% of stem cells 
differentiate to nerve cells under such conditions compared to 
10% in control tissue (29). H A was found to stimulate nerve 
commitment if present during S phase (29, 30) implying that 
responses in target cells depend on their position in the cell 
cycle. After commitment nerve precursors are arrested in G2 

and require a second signal to differentiate into mature 
neurons. This differentiation inducing signal can be released 
by wounding (31) and can be replaced by H A (32). 

Do other neuropeptides in hydra also affect stem cell 
decisions? Neuropeptides with the carboxyterminus Arg-Phe-
N H 2 (RFamide) are ubiquitous in coelenterates (for review 
see 33). Antisera raised against RFamide stain a population 
of immunoreactive sensory neurons around the mouth of 
hydra and a Cluster of neurons in the peduncle (34). In 
ultrastructural studies RFamide like peptides were localized 
in dense-cored vesicles (35). They are thought to be released 
by exocytosis and act as hormones or neurotransmitters. In 
the marine hydrozoan Hydractinia the presence of RFamide + 

neurons is correlated with the capacity to metamorphose (36) 
implying that RFamide may serve as a signal molecule during 
development. In an attempt to examine these neuropeptides 
for their influence on interstitial cell differentiation, we have 
analyzed on hydra the effect of Pol-RFaminde I, a 7 amino 
acid peptide (Glu-Leu-Leu-Gly-Gly-Arg-Phe-NH2) isolated 
from Polyorchis medusae (37). Treatment of Hydra magnipa­
p i l l a t a polyps with 10"12 M Pol-RFamide caused a twofold 
increase in the nerve cell density in isolated gastric tissue 
(Bosch, unpublished Observation). Thus, at least two 
neuropeptides (head activator and Pol-RFamide) have been 
shown to affect interstitial stem cell behavior. Whether these 
neuropeptides directly affect stem cells or function indirectly, 
e.g., by stimulating the release of other biologically active 
peptide factors, remains to be shown. 

Several more signal molecules stimulating or inhibiting the 
decisions of stem cells await their characterization. Their 
existence is evident from experiments with crude and partial-
ly purified extract. For example, Berking (38) demonstrated 
that hydra crude extract contains an inhibitor which causes 
neuronal precursor cells in S phase to remain precusors and 
prevents them from differentiating to nerve cells. Similarily, 
Fujisawa (39) found in crude extract an endogeneous factor 
preventing precursor cells from differentiating into ste­
noteles. 

Stem cell differentiation in hydra - molecular prospects 

We have reviewed the progress which has been made in the 
last ten years in understanding the differentiation potential of 
interstitial stem cells in hydra. Now a new set of questions is 
raised concerning the molecular mechanisms underlying stem 
cell differentiation. 

(1) What genes are involved in regulation of stem cell 
differentiation? Which cis-acting elements mediate position 
dependent differentiation within the body column? To 
approach these questions, several groups now are identifying 
hydra genes expressed in specific regions and genes expressed 
solely in certain pathways of somatic and germ line dif­
ferentiation. Progress is also being made toward establishing 
a System for manipulating genes in vivo by introducting gene 
constructs into intact polyps via electroporation (Bosch, 
Bode, David and Steele, unpublished results). This will 
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enable identification of D N A sequences Controlling cell type 
specific or region specific gene expression and genes involved 
in proliferation control. In addition, a gene transfer system 
will allow introduction of markers into stem cells and thus 
permit a rigorous in vivo examination of the stem cell lineage 
outlined in Figure 1. 

(2) The neuropeptides H A and RFamide apparently affect 
stem cell behavior. How do they do so? Which cell popula-
tions are the target cells? Which genes are activated? Using 
subtractive hybridization it should be feasible to isolate 
cDNAs for mRNAs made in response to such factor treat-
ment. Equally important for understanding the in vivo func-
tion of these signal molecules will be the characterization of 
the receptors for the particular ligands. Evidence for two 
types of receptors for H A was presented recently by C. 
Schaller's group (40) and it was proposed that different 
functions of the H A molecule are mediated by different 
receptor types. 

(3) «Stem cell Systems in hydra and vertebrates strongly 
suggest the importance of spatial Organization and thus 
extrinsic influences» (41). Can we define these extrinsic 
influences in molecular terms? What components of the 
environment (signal molecules, neuropeptides, growth fac-
tors) are involved in the decision making of stem cells? The 
search for such molecules would clearly be facilitated if signal 
molecules known to play crucial roles in regulation of dif­
ferentiation and development in higher organisms are also 
used in hydra. It is thus encouranging that the first membrane 
associated protein tyrosine kinases and receptors cloned from 
hydra have been found highly homologous to vertebrate 
genes (42, 43, Steele, pers. commun.). 

(4) There is a growing realization of the importance of the 
extracellular matrix in cell differentiation and morphogenesis 
(44). Strong links are emerging between growth factors and 
the ability of cell adhesion molecules and extracellular matrix 
molecules to participate in, and potentially regulate, mor­
phogenesis and differentiation (45). It is tempting to specu-
late, therefore, that in hydra the mesoglea serves as an 
affinity matrix presenting growth and differentiation factors 
along the body axis. By specific release of these factors the 
mesoglea could specify positional information used in the 
spatial regulation of differentiation (46). 

Acknowledgement 

The rescarch reported herc was supported by the Deutsche Forschung­
sgemeinschaft (DGF). We would like to thank Cok Grimmclikhuijzen for 
the kind gift of Pol RFamide I. 

References 

1 David CN and Murphy S: Characterization of interstitial stem cells in 
hydra by cloning. Dev Biol 5 8 : 2: 372-383, 1977. 

2 Bosch TCG and David CN: Stem cells of H y d r a m a g n i p a p i l l a t a can 
differentiate into somatic cells and germ line cells. Dev Biol 1 2 1 : 
182-191, 1987. 

3 Littleficld LC: Cell lineages in h y d r a : Isolation and characterization of 
an interstitial stem cell restricted to egg produetion in H y d r a oligactis. 
Dev Biol 1 4 3 : 378-388, 1991. 

4 Holstein TW and David CN: Putative intermediates in the nerve cell 

differentiation pathway in hydra have properties of multipotent stem 
cells. Dev Biol 1 4 2 : 401-405, 1990. 

5 Littleficld CL: Germ cells in H y d r a oligactis males. I. Isolation of a 
subpopulation of interstitial cells that is developmentally restricted to 
sperm produetion. Dev Biol 1 1 2 : 185-193, 1985. 

6 Holstein TW and David CN: Cell cycle length, cell size, and prolifera­
tion rate in hydra stem cells. Dev Biol 1 4 2 : 392-400, 1990. 

7 Bosch T C G and David CN: Male and female stem cells and sex 
reversal in H y d r a polyps. Proc Natl Acad Sei USA 8 3 : 9478-9482, 
1986. 

8 Littleficld GL: The interstitial cells control the sexual phenotype of 
hcterosexual chimeras of hydra. Dev Biol 1 0 2 : 426-432, 1984. 

9 Cambell RD: Sex determination in H y d r a : roles of germ cells (intersti­
tial cells) and somatic cells. J Exp Zool 2 3 4 : 451-458, 1985. 

10 Sugiyama T and Sugimoto N: Genetic analysis of developmental 
mechanisms in hydra. XI. Mechanism of sex reversal by hcterosexual 
parabiosis. Dev Biol 1 1 0 : 413-421, 1985. 

11 Littleficld LC: Sex determination in hydra: control by a subpopulation 
of interstitial cells in H y d r a oligactis males. Dev Biol 117: 428-434, 
1986. 

12 David CN and Plotnick I: Distribution of interstitial stem cells in 
H y d r a . Dev Biol 76: 175-184, 1980. 

13 Heimfcld S and Bode HR: Interstitial cell migration in H y d r a atte-
n u a t a . I. Quantitative description of cell movements. Dev Biol 1 0 5 : 
1-9, 1984. 

14 Fujisawa T: Role of interstitial cell migration in gencrating position-
dependent patterns of nerve cell differentiation in H y d r a . Dev Biol 
1 3 3 : 77-82, 1989. 

15 Teragawa CK and Bode HR: Spatial and temporal patterns of 
interstitial cell migration in H y d r a vulgaris. Dev Biol 138:63-81, 1990. 

16 Bosch T C G and David CN: Cloned interstitial stem cells grow as 
contiguous patches in hydra. Dev Biol 1 3 8 : 513-515, 1990. 

17 Fujisawa T, David CN and Bosch TCG: Transplantation stimulates 
interstitial cell migration in hydra. Dev Biol 1 3 8 : 509-512, 1990. 

18 Heimfcld S and Bode HR: Growth regulation of the interstitial cell 
population in hydra. I. Evidence for global control by nerve cells in the 
head. Dev Biol 1 1 0 : 297-307, 1985. 

19 Bosch T C G , Rollbühler R, Scheider B and David CN: Role of the 
cellular environment in interstitial stem cell proliferation in hydra. 
Roux's Arch Dev Biol, in press. 

20 Bode HR, Flick KM and Smith GS: Regulation of interstitial cell 
differentiation in H y d r a attenuata. I. Homeostatic control of intersti­
tial cell population'sizc. J Cell Sei 2 0 : 29-46, 1976. 

21 Yaross MS and Bode HR: Regulation of interstitial cell differentiation 
in H y d r a attenuata. III. Effects of i- cell and nerve cell densilies. J Cell 
Sei 3 4 : 1-25, 1978. 

22 Sproull F and David CN: Stem cell growth and differentiation in 
H y d r a attenuata. II. Regulation of nerve and nematocyte differentia­
tion in multiclone aggregates. J Cell Sei 3 8 : 171-179, 1979. 

23 David CN and MacWilliams H: Regulation of the sclf-rcncwal prob­
ability in H y d r a stem cell clones. Proc Natl Acad Sei USA 75(2): 
886-890, 1978. 

24 David CN, Fujisawa T and Bosch TCG: Interstitial stem cell prolifera­
tion in hydra: evidence for strain specific regulatory molecules. 
Submitted, 1991. 

25 Bode H and David CN: Regulation of a multipotent stem cell, the 
interstitial cell in hydra. Progr Biophys Molec Biol 3 3 : 198-206, 1978. 

26 Vcnugopal G and David CN: Nerve commitment in H y d r a : I. Role of 
morphogenetie signals. Dev Biol 8 3 : 353-360, 1981. 

27 Schalter HC: Isolation and characterization of a low molecular weight 
substance activating head and bud formation in hydra. J Embryol Exp 
Morph 2 9 : 27-38, 1973. 

28 Schaller HC and Bodenmüller H: Isolation and amino acid sequence 
of a morphogenetie peptide from hydra. Proc Natl Acad Sei USA 78: 
7000-7004, 1981. 

29 Holstein TW, Schaller HC and David CN: Nerve cell differentiation in 
hydra requires two signals. Dev Biol 1 1 5 : 9-17, 1986. 

30 Schauer HC: Action of head activator on the determination of 
interstitial cells in hydra. Cell Differ 5: 13-20, 1976. 

31 Holstein T and David CN: The properties of nerve cell precursors in 
hydra. Dev Biol 7/5: 18-26, 1986. 

32 Hoffmeister SAH and Schaller HC: Head activator and head inhibitor 
are signals for nerve cell differentiation in hydra. Dev Biol 1 2 2 : 72-77', 
1987. 

33 Grimmelikhuijzen CIP, Graf D and McFarlanc ID: Neurons and 
neuropeptides in coelentcrates. Arch Histol Cytol 5 2 : 265-276, 1989. 

34 Grimmclikhuijzen CJP: Antisera to the sequence Arg-Phe-amidc 

519 



in Vivo 5: 515-520 (1991) 

visualizc neuronal centralization in hydroid polyps. Cell Tissue Res 
2 4 1 : 171-182, 1985. 

35 Koizumi O, Wilson JD, Grimmelikhuijzen CJP and J.A.Westfall: 
Ultrastructural localization of RFamide-likc peptides in neuronal 
dcnsc-corcd vcsicles in the peduncle of H y d r a . J Expt Zool 2 4 9 : 17-22, 
1989. 

36 Schwocrcr-Böhning B, Kroihcr M and Müller WA: Signal transmis­
sion and covert prepattern in the metamorphosis of H v d r a c t i n i a 
echinata (Hydrozoa). Roux's Arch Dev Biol 1 9 8 : 245-25l', 1990. 

37 Grimmelikhuijzen CIP, Hahn M, Rinehart KL and Spencer AN: 
Isolation of -Glu-Leu-Lcu-Gly-Gly-Arg-Phe-NH2 (Pol-RFamide), a 
novel neuropeptide from hydromedusae. Brain Res 4 7 5 : 198-203, 
1988. 

38 Bcrking S: Control of nerve cell formation from multipotent stem cells 
in hydra. J Cell Sei 4 0 : 193-205, 1979. 

39 Fujisawa T: Inhibition of stenotcle commitment by an endogeneous 
factor in H y d r a . J Cell Sei 9 1 : 361-366, 1988. 

40 Neubauer KH, Christians S, Hoffmeister SAH, Kreger S and Schaller 
HC: Characterization of two types of head activator reeeptor on hydra 
cells. Mcch Dev 3 3 : 39-48, 1991. 

41 Wolpert LJ: Stem cells: a problem in asymmetry. J Cell Sei Suppl 10: 
1-9, p. 8, 1988. 

42 Bosch T C G , Unger TF, Fisher DA and RE Steele: Structure and 
expression of S T K , a sre related gene in the simple metazoan H v d r a 
attenuata. Mol Cell Biol 9(10): 4141-4151, 1989. 

43 Schartl M, Holstein T, Robertson SM and Barnekow A: Prefercntial 
expression of a pp60c"src related protein tyrosine kinase activity in 
nerve cells of the early metazoan Hydra (coelenterates). Oncosene 4: 
1185-1191, 1989. 

44 Rcddi, A H : Extracellular matrix: Structure and Function. A.R.Liss, 
New York, 1985. 

45 Reid L: From gradients to axes, from morphogenesis to differentia­
tion. Cell 6 3 : 875-882, 1990. 

46 Wolpert LJ: Positional information and the spatial pattern of cellular 
differentiation. J Theor Biol 25: 1-40, 1969. 

Received A p r i l 8, 1 9 9 1 
Accepted July 15, 1 9 9 1 

520 


