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Genetic evolution of o fetoprotein producing gastric cancer
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Figure 1 Frequency of homogeneous
and heferogeneous K)ss of
heterozygosity (LOH). Solid bars
indicate number of cases with
homogenous LOH, hatched bars
indicate number of cases with
heterogeneous LOH, open bars indicate
cases with retention, and shaded bars
indicate heterogeneity index.

Figure 2 Representative histology for
case HP1. (A) Low power view of the
section showing the microdissected foci
(T1-T4). T1, microdissected mucosal
focus; T2-T4, microdissected invasive
foci in the muscularis propria. (B, C)
Histology of the microdissected foci
(haematoxylin and eosin stain). (B) T4,
invasive foci with tubulopapillary
carcinoma. T4 is negative For the

o fetoprotein (AFP) stain. (C) T2,
invasive foci with enteroblastic
histology. T2 is immunoreactive for the
AFP stain. (D, E) Representative AFP
immunohistochemical stains. (D)
Negative AFP stain for mucosal focus
T1. (E) Positive AFP stain for invasive
enteroblastic focus T2.
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Figure 3 Representative gels and proposed genetic pathway for case HP1. Gels for D185474 and D55644 show homogeneous loss of heterozygosity
(LOH) for all of the foci microdissected. Arrowheads in the gels indicate LOH at all microdissected foci (T1-T4). Gels for D135171 and D135154 show
13q LOH only in invasive enteroblastic and o fetoprotein (AFP) positive foci, T2 and T3, but retention of mucosal (T1) and invasive tubulopapillary
carcinoma foci (T4). Arrows indicate LOH of lower alleles for T2 and T3. Dot, normal alleles; N, normal control DNA; T, microdissected foci. The
diagram summarises early LOH of 3p, 5q, 9p, 17p, and 18q, followed by the progressive LOH of 13q in o fetoprotein positive enteroblastic foci.

mucosal foci that were microdissected. AFP was strongly
positive in the invasive foci, but unstained to faintly
stained in the mucosal foci. Thus, enteroblastic and
hepatoid foci genetically progressed from the early mucosal
tumour, acquiring an AFP producing phenotype. However,
the possibility of additional undetected genetic alterations
between enteroblastic and hepatoid foci cannot be
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excluded. In case HP40 (figs 5 and 6), the lesion started
with early LOH of 3p, 5q, 8p, and 17p, which was detected
in the moderately/poorly differentiated adenocarcinoma foci
(T1) and enteroblastic foci (T2). Further genetic progres-
sion and divergence was detected in hepatoid foci (AFP
positive) with 13q LOH (T3) or 1l1q LOH (T4).
Furthermore, in six cases (cases HP1, HP2, HP9, HP12,
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Figure 4 Representative gels and
proposed genetic pathway for case
HP15. Arrowheodpin the gel for
D$S1752 indicates homogeneous loss
of heterozygosity (LOH) of all T1-T4
foci. Arrows in the gel for D135171
indicate LOH of T1, T2, and T4, but not
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Te~2
T2 T3 T4

T3: mucosa, AFP (faint negative)

T3. Dot, normal alleles; N, normal
control DNA; T1,T2, and T4,
microdissected submucosal invasive foci
with enteroblastic and hepatoid
features; T3, intramucosar'rumour focus
microdissected. o Fetoprotein (AFP) is
strongly positive in invasive foci but
faint/negative in the mucosal T3 focus.
The diagram shows early and
homogeneous LOH of 3p, 5q, 8p, %p,
and 11q, including the mucosal focus.
Subsequent LOH of 13q is identified in
invasive enteroblastic and hepatoid foci
(T1, T2, and T4).
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Figure 5 Representative histology for case HP40. (A) Ordinary
a(?enocarcinoma focus in the submucosa, T1 (haematoxylin and eosin
(H&E) stain). T1 and T2 foci are negative for o fetoprotein (AFP)
immunostaining. (B) Hepatoid carcinoma foci in the muscularis propria,
T3 (H&E stain). Hepatoid foci, T3 and T4, are positive for AFP
immunostaining.

HP15, and HP40) with heterogeneous patterns of 13q LOH,
13q LOH was preferentially detected in AFP immunoreac-
tive foci with solid, poorly differentiated adenocarcinoma
foci and enteroblastic and/or hepatoid differentiation.

DISCUSSION

AFP is a glycoprotein that is produced by the fetal liver and
fetal intestine.” Embryologically, the liver arises as a ventral
outgrowth of the distal end of the fetal foregut. Because of
the embryological proximity, it has been speculated that the
emergence of AFP producing hepatoid foci, or enteroblastic
foci in gastric cancer, results from the dedifferentiation of the
tumour cells to these progenitor cell types.'? Our present
genetic study has revealed the genetic process of so called
dedifferentiation of gastric carcinoma cells in the evolution of
AFP-GC for the first time. Extensive LOH with high FAL
(average of 0.72) seen in AFP-GC, as compared with the
reported FAL of 0.288-0.472 in gastric cancer,' may reflect
the very aggressive biological behaviour and grave prognosis
known for these tumours. Because extensive LOH was
detected homogenously throughout the microdissected foci
in many cases, AFP-GC may initially arise as a very aggressive
clone with high FAL, and may clonally expand very rapidly.
Thus, phenotypic diversity seems to be conferred by extensive
genetic alterations of these neoplastic clones. Alternatively,
AFP-GC may evolve through genetic progression and/or
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divergence with the acquisition of the AFP producing
phenotype. We saw cases in which ordinary tubular or
tubulopapillary carcinoma foci genetically progressed or
diverged in some of the invasive foci. Only these progressed
foci acquired the capacity to produce AFP. These foci showed
various histological features, including poorly differentiated
medullary carcinoma, enteroblastic carcinoma, and hepatoid
carcinoma. In fact, in most of the cases with recognisable
mucosal lesions, genetic progression, and/or divergence occur
in the invasive foci, indicating that the AFP-GC phenotype is
acquired in the invasive foci. Previous studies have described
the presence of hepatoid foci in deep invasive foci, which can
be clearly explained by our clonal genetic patterns. There are
case reports of only metastatic gastric cancer foci showing a
hepatoid pattern and AFP production.”'” These cases may
also be examples of clonal genetic progression and divergence
in the metastatic foci with the acquisition of the AFP
producing phenotype.

“It is interesting that the loci of 13q that are commonly
deleted in o fetoprotein (AFP) producing gastric carcinoma
are also frequently deleted in hepatocellular carcinoma,
which often presents with raised serum AFP values”

In ordinary gastric cancers, LOH has been frequently
detected on 1p, 1q, 2q, 3p, 4p, 5q, 6p, 7p, 8p, 9p, 11q, 13q,
14q, 17p, 18q, and 21q." '*?' In hepatocellular carcinomas,
1q, 2q, 4q, 6q, 8p, 8q, 9p, 9q, 10q, 13q, 14q, 16q, 17p, and 19p
have been shown to be frequently deleted.”* Thus, most of
the regions of LOH detected in AFP-GC are also commonly
deleted loci in both GC and HCC. However, there may be
several crucial LOH regions that are particularly important for
ectopic AFP production and the unique histological features
of AFP-GC.

In our present study, 13q LOH was often associated with
AFP immunoreactive tumour foci. One possibility is that a
certain gene on 13q may function as a negative regulator of
AFP production in normal cells. LOH of the gene locus and
additional alteration of the remaining allele may silence or
downregulate the gene. These possibilities remain to be
investigated in future work. It is interesting that the loci of
13q that are commonly deleted in AFP-GC are also frequently
deleted in HCC, which often presents with raised serum AFP
values.”” »

Other than the stomach, rare cases of AFP producing or
hepatoid carcinomas have been reported in the extrahepatic
organs, including the lung,” ovary,*® endometrium,” colo-
rectum,” gall bladder,” urinary bladder,> kidney,” and
pancreas.” Most showed aggressive clinical behaviour, with
metastasis at the time of diagnosis. Histologically, many of
them show a complex combination of various histological
patterns, including poorly differentiated adenocarcinoma,
hepatoid foci, enteroblastic foci with clear cytoplasm, and

Take home messages

® o Fetoprotein producing gastric carcinoma (AFP-GC)
arises as an aggressive clone with extensive loss of
heterozygosity (LOH) and high fractional allelic loss

® Because heterogeneous patterns of LOH are seen, the
AFP producing carcinoma foci might evolve through
genetic progression and/or genetic divergence

e Silencing of a crucial tumour suppressor gene on 13q
may be involved in the acquisition of the AFP
producing phenotype
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Figure 6 Gels and deduced genetic pathways for HP40. Arrowheads in gels for D351293 and D55647 indicate loss of heterozygosity (LOH) of all
foci T1-T4. Arrows in the ge|s%or Int 2 (11q) and D11529 indicate 11 LOH of only T4. Arrows in the gels for D135171 and D135154 indicate 13q
LOH of only T3. Dot, normal alleles; N, normal control DNA; T, microdissected foci. T1 is a microdissected submucosal focus, and T2-T4 are
microdissected foci in the muscularis propria. The diagram summarises early and homogeneous LOH of 3p, 5q, 8p, 17p, followed by divergent LOH of
13q in o fetoprotein (AFP) positive hepatoid foci (T3), and 11¢ LOH in another hepatoid focus (T4).

yolk sac tumour-like foci. None of these cases has been
genetically studied, but we speculate that similar and unique
clonal genetic alterations may be involved in the abnormal
differentiation and ectopic induction of the AFP gene in these
tumours also.

In conclusion, AFP-GC arises as an aggressive clone with
extensive LOH. Further genetic progression and divergence
may confer subclones with the capacity to produce AFP and
unique histological features.
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