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Ras and Seppuku in Neuroblastoma

C. Patrick Reynolds

effectors are causative in regressing tumors has been elusive.

Neuroblastoma is a malignant tumor of the peripheral ne¥toreover, the lack of regression in tumors with aggressive bio-
vous system found almost exclusively in young child@). logic features would argue against an immunologic mechanism
More commonly than any other malignang®), neuroblastoma and suggests a mechanism dependent on tumor cell biology.
can undergo complete spontaneous regression without thergjyyama et al.(21) demonstrated both a lack of telomerase ac-
(3-6). Unfortunately, spontaneous regression of neuroblastomagty and shortening of telomeres in stage 4-S neuroblastomas
that present clinically is still a rare phenomenon, but it is frehat underwent spontaneous regression, suggesting that tumor
quently observed in stage 4-S tumors (infants who present wigfoliferation without telomerase eventually triggered tumor se-
localized primary tumors and metastases limited to liver, skinescence in these cel{81,22). Death in cells with critically
and/or bone marrow(L,7,8).Intrinsic tumor cell biology is criti- short telomeres appears to be apoptotic in ng@@and, while
cal in determining spontaneous regression, because stage ap&ptosis can be detected in tumors with favorable bio(@gy-
tumors rarely have unfavorable biologic features (such 26) some studies did not detect apoptosis (i.e., internucleosomal
MYCN gene amplification)(8), while infants with MYCN- DNA fragmentation by terminal deoxynucleotidyl transferase
amplified tumors (most often stage 4) commonly develop refdT] labeling) in stage 4-S tumor&7) or in regressing or
lentless progressive disease in spite of chemothe{@py stable localized tumors detected by mass screetiialyy Thus,

Spontaneous regression of neuroblastoma may not be limitgfhntaneous regression of neuroblastoma may occur via more
to stage 4-S tumors and could include some localized (non—stag$n one mechanism.

4-S) tumors, but surgical resection of clinically detected local- kitanaka and colleague28) studied neuroblastomas ob-
ized tumors has precluded documentation of spontaneous regggsred from patients detected by mass screening in Japan and
sion. A high incidence ofn situ neuroblastomas in patientshaye compared them to clinically-detected, advanced-stage tu-
dying from causes other than tum(#0) and of complete re- mors in patients older than 1 year of age. Prior studies have
gression of localized tumors treated with only partial resectiQown that patients with tumors showing high expression of the
(11) both suggest that some non-stage 4-S neuroblastomas gl$9-oncogene Ras had a favorable outcome relative to patients
can undergo spontaneous regression. , with tumors showing low Ras expressi(#9,30).Kitanaka et al.

The implementation of nationwide screening for neuroblagsyng Ras expression was increased in areas of cellular degen-
toma in Japan (by testing urinary catecholamine metabolitgg;ion, and the latter observation was seen twice as frequently
from all infants) has resulted in the detection of many neurg; yymors from case subjects detected in mass screening as in the
blastomas that presumably would have undergone spontanéqigf_stage tumors. The degenerating cells found in areas of Ras
regression, never to have manifested clinicaly). Recent expression did not have the nuclear features, DNA fragmenta-
studies using observation instead of therapy for such tumors g or caspase activation characteristic of apoptosis. Moreover,
confirmed the ability of many limited-stage tumors seen in ifpe authors were able to induce nonapoptotic, caspase-
fants to undergo spontaneous regresgi8-15). independent cell death in neuroblastoma cell lines by Ras trans-

The biologic basis by which neuroblastomas undergo spGgetion, especially if Ras was transfected together with the neu-
taneous regression has fascinated pediatric oncologists andydophin receptor Trk A and cells were treated with the Trk A
mor biologists for decades. Understanding why it occurs (aflfand nerve growth factor (NGF). The latter observation is con-
why it does not) should provide molecular markers predictive Qfstent with prior work showing higher R§29,30)or Trk A (31)
tumor behavior that will facilitate minimizing therapy for pa-eypression in neuroblastomas from patients with a favorable
tients destined to cure themselves. At the same time, understaf\¢come but contrasts witin vitro studies showing that
ing the mechanisms by which tumors spontaneously regress Mgy promotes survival in cultured sympathetic neu(@@3. The
point the way toward novel therapies for those patients Willifect of Ras and/or Trk A may depend on the nature of the
high-risk tumors that require very intensive, multimodal thergs| in which either (or both) are expressed, and further studies

peutic intervention. Maturation from primitive neuroblast-likgy Ras with biologically diverse neuroblastoma cell lines are
malignant cells to well-differentiated and benign tumors (knowg 4 ranted.

as gang_lioneuromas) has been documented dqring _spoqtaneoulsne paper by Kitanaka et al. joins the increasing body of
regression of neuroblastom®,16,17),and treating high-risk |iterature on tumor cell death via caspase-independent mecha-
patients with the differentiation inducer I8s-retinoic acid after nisms (33,34). However, in this latest observation, the authors

myeloablative therapy improves event-free survi@). How-  haye provided evidence that “spontaneous” programmed cell
ever, most spontaneously regressing neuroblastomas do not

leave behind well-differentiated tissues. Instead, the tumors sim-

ply disappear. Correspondence tc€. Patrick Reynolds, M.D., Ph.D., Division of Hematology-
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death (PCD) may occur via a caspase-independent, nonapoptdﬁbBolande RP. The spontaneous regression of neuroblastoma. Experimental
to be related to those mechanisms used by the vast excess?]‘f&f“""""s D, Ablin AR, Miller C, Zoger S, Matthay KK. Complete pathologic
normal neuroblasts generated during development to graciously gaa;iﬁ“ig;srfgzr_ggfion of stage IVS neuroblastoma without treatment.
exit the scene when no longer need@8). This latter process ) iaje Tp, Kipekar K. Neuroblastoma stage IV-S. Med Oncol 1994:11:89-100.
has been Fommonl_y att.”bUted to cIassu;aI ‘apoptosis and 8) Nickerson HJ, Matthay KK, Seeger RC, Brodeur GM, Shimada H, Perez C,
thought to involve signaling (or the lack of it) via neurotrophins et al. Favorable biology and outcome of stage IV-S neuroblastoma with
(31,36—-38)Because classical apoptosis is well described in neu- supportive care or minimal therapy: a Children’s Cancer Group study.
ral developmen(35), and has been detected (although inconsis- J Clin Oncol 2000;18:477-86.
tently) in neuroblastomas that can spontaneously red@s  (9) Schmidt ML, Lukens N, Seeger RC, Brodeur GM, Shimada H, Gerbing
26), it is possible that both a caspase—dependent and a Caspase_RB, et al. Biologic factors‘deterr.mne ;‘Jrognosm in infants with stfage \%
independent form of PCD play a role in regression of neuroblastoma: a prospective Children’s Cancer Group study. J Clin Oncol
. 2000;18:1260-8.

neuroblastoma (and perhaps also of deve|op|ng_neurobla_s(t§}) Turkel SB, Itabashi HH. The natural history of neuroblastic cells in the fetal
Thus, it will be_ interesting to see if future stu_dles identify thiS " agrenal gland. Am J Pathol 1974:76:225-44.
n0V§| mechanism of PCD in normal cells durl_ng deVe|0pm?fIt11) Matthay KK, Sather HN, Seeger RC, Haase GM, Hammond GD. Excellent

Kitanaka et al. speculate that Ras expression may contribute outcome of stage Il neuroblastoma is independent of residual disease and
a favorable prognosis in nonregressing neuroblastomas treatedradiation therapy. J Clin Oncol 1989;7:236-44.
with chemotherapy. While this is an intriguing idea, it goe§2) Carlsen NL. Neuroblastoma: epidemiology and pattern of regression. Prob-
against the large body of data showing that currently used che- lems in interpreting results of mass screening. Am J Pediatr Hematol Oncol

C e i P 1992;14:103-10.
mothera which is highly effective in most favorable- ’
. . . oneda A, OQue |, Imura K, Inoue M, Yagl K, Kawa K, etal. servation
Py ( gnly 13) Yoneda A, Oue T, | K, | M, Yagi K, Kawa K, et al. Ob i

prognosis neuroblastomas) generally acts via apop{88ig0).

- s of untreated patients with neuroblastoma detected by mass screening:
Even poor-prognosis neuroblastomas initially respond well t0 , «yait and see” pilot study. Med Pediatr Oncol 2001:36:160-2.

chemotherapy, only to return later as drug-refractory tumogsy) jjiri R, Tanaka Y, Kato K, Misugi K, Nishihira H, Toyoda Y, et al. Clin-
(41). Prior to therapy, most neuroblastomas lack TP53 muta- icopathologic study of mass-screened neuroblastoma with special emphasis
tions, while drug or radiation-resistant neuroblastomas show loss on untreated observed cases: a possible histologic clue to tumor regression.
of p53 function (often via mutation). These latter observations Am J Surg Pathol 2000;24:807-15.

point toward a p53-dependent apoptosis as the principle mecfid} Nishi M, Miyake H, Takeda T, Yonemori H, Hanai J, Kikuchi Y, et al. A
nism of cell death in response to current chemotherapy and to trial to discriminate spontaneous regression from non-regression cases dur-

| f 053 function maior mechanism of dr resist ing mass screening for neuroblastoma. Jpn J Clin Oncol 1994;24:247-51.
0ss of p unction as a majo echanism o ug resis anﬁ@) Cushing H, Wolbach SB. The transformation of a malignant paravertebral

((141)'[.hD_rUgS thal‘:;{l m?uce b?th apggt'()t(ljc anddnotnapoptotl)c Ce"_ sympathicoblastoma into a benign ganglioneuroma. Am J Pathol 1927;3:
eath in neuroblastomas (in a p53-independent manner) are in 203-16.
developmen{42,43).The relationship of Ras-mediated PCD t@17) Fox F, Davidson J, Thomas LB. Maturation of sympathicoblastoma into
chemotherapy-mediated nonapoptotic cell death should be in- ganglioneuroma. Cancer 1959;12:108-16.
vestigated and may provide a further molecular understanding®p Matthay K, Villablanca JG, Seeger RC, Stram DO, Harris RE, Ramsay NK,
how to kill tumor cells able to resist “standard” chemotherapy. St & Treatment of high-risk neuroblastoma with intensive chemotherapy,
. . . . radiotherapy, autologous bone marrow transplantation, andsir&tinoic
Clearly more work is needed to determine if ap_optos!s, NON- 4cid. Children’s Cancer Group. N Engl J Med 1999;341:1165-73.

apoptotic programmed cell death, or both predominate in spQig) Bernstein I, Hellstrom KE, Wright PW. Immunity to tumor antigens: po-
taneous regression of neuroblastoma, and if the predominant tential implications in human neuroblastoma. J Natl Cancer Inst 1976;57:
mechanism varies from tumor to tumor. The instigator(s) of 711-5.
neuroblastoma spontaneous regression also deserve furthef2fi-Ollert MW, David K, Schmitt C, Hauenschild A, Bredehorst R, Erttmann
vestigation, with telomere shortening being the best documented fR' er: al. Normal hg’lm"’:” ser“m”‘:o’;a'”sﬁ ?IatAuraIdlgSM'alrJ]tlgoiy f;’tgoé?;g'?
mechanism to datg21). Kitanaka et al. have not only shed light ) stTe fevroRiasioma cefs. o Tall Acad = D
on a possible new mechanism of cell death, but for neuroblq@n Hiyama E" Hiyama K, Yokoyama T, Matsuura Y, Piatyszek MA, Shay JW.
toma they have also implicated Ras as a player in the process, correlating telomerase activity levels with human neuroblastoma out-
along with the neurotrophin Trk A and its ligand NGF as pos- comes. Nat Med 1995;1:249-55.
sible assistants. In feudal Japan, seppuku (ritual suicide) Wa® Hiyama E, Reynolds CP. Telomerase as a biological and prognostic marker
an |ntegra| part Of the bushldo (Warrlor Code) The p”nClpaI, in .neUrObIaStoma. In: Brodeur GM, Sawada T, TSUChida'. Y, Voute PA,
sometimes somberly encouraged by friends, disembowel % editors. Neuroblastoma. Amsterda}m (The Nethe_rlands): Elsevier, 2000:159-74.
himself with a knife (the kozuka) just prior to being beheade@ Zhang X, Mar V, Zhou W, Harrington L, Robinson MO. Telomere short

. . . ening and apoptosis in telomerase-inhibited human tumor cells. Genes Dev
by his “second,” the kaishaku-nin. Whether Ras plays the role of 1999-13:2388-99.

kozuka, kaishaku-nin, or encouraging friend, remains to k1) oue T, Fukuzawa M, Kusafuka T, Kohmoto Y, Imura K, Nagahara S, et al.

elucidated. In situ detection of DNA fragmentation and expression of bcl-2 in human
neuroblastoma: relation to apoptosis and spontaneous regression. J Pediatr
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