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Abstract

Brain tumors are frequently present during pregnancy; however, the mechanism has not been well
elucidated. Purpose of this study is to investigate the influence of molecular genetic factors on the
progression of brain tumors during pregnancy or the postpartum period.

Twelve cases of brain tumors that presented during pregnancy or postpartum period were included: five
gliomas, three meningiomas, two vestibular schwannomas, and two chordomas. Tumor samples were
investigated by metaphase comparative genomic hybridization and immunohistochemistry, for
chromosomal copy number aberration (CNA) and receptor expression of sex hormones and growth
factors.

The results were correlated with the timing of tumor presentation in relation to the stage of pregnancy.
EGFR, VEGFR-1/2, AR, and c-Myc were expressed in gliomas, PgR, ER, HER-2, VEGFR-1, EGF and VEGFR2
in meningiomas, VEGFR-1 in vestibular schwannomas, and EGFR, VEGFR-1/2, and c-Myc in chordomas.
The CNAs of the tumors varied. Four of the five gliomas presented in the 2nd trimester, all three
meningiomas in the 3rd trimester or postpartum period, and both of the two schwannomas in the late 2nd
trimester. Expression of VEGFR-1/2 and EGFR was observed regardless of the timing of tumor
presentation, whereas female hormone receptors and HER-2 were exclusively found in meningiomas.
Interestingly, one anaplastic astrocytoma (IDH mut, non-codeleted) that progressed from precedent grade
2 tumor harbored amplification of the MYClocus.

Progression of brain tumors during pregnancy is associated with various growth factors as well as sex
hormones. The timing of presentation is likely dependent on molecular receptors specific to each tumor

type.

Introduction

Primary brain tumors in women of child-bearing age are rare, but it has been recognized that brain tumors
often manifest or progress during pregnancy.

In 1938, Cushing and Eisenhardt reported cases of meningiomas, for the first time, which had symptom
onset during pregnancy, remission during the postpartum period, and relapse with subsequent
pregnancies [4]. Enlargement of meningioma may be related to pregnancy or menstrual cycles due to sex
steroid hormones [20]. In fact, progesterone and estrogen independently stimulate meningioma growth in
vitro [20], and in most studies, meningiomas histologically show immunoreactivity to both PgR and ER,
although the positivity rate for PgR is usually higher than that for ER [20]. Similar observations have been
made for other primary brain tumors. A review paper reported 223 cases of primary brain tumors with first
manifestation or acceleration of symptoms during pregnancy, including gliomas, meningiomas,
vestibular schwannomas, and hemangioblastomas/hemangiomas in order of frequency [19]. Indeed, a
previous study demonstrated that pregnancy increases the radiological growth rates of grade 2 gliomas
[16].
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In a population-based study in Norway, breast cancer that presented during pregnancy or lactation was
associated with larger tumor size and higher clinical staging than those presented before pregnancy [18].
Importantly, the majority of pregnancy-associated breast tumors were negative for hormone receptors;
however, HER-2 was expressed in nearly half of the cases.

Thus, pregnancy can affect the growth of various cancers, including brain tumors. Although the
association between sex hormones and other growth factors has been implicated, the mechanism of
growth during pregnancy has not been well elucidated. For example, maternal intravascular volume may
also be involved as it increases with advancing gestational age [2].

The purpose of this study was to investigate the influence of molecular genetic factors on the
progression of brain tumors during pregnancy or the postpartum period.

Methods
Tissue samples

Specimens of 12 brain tumors that manifested or progressed during pregnancy or postpartum period
were collected from Keio University Hospital and collaborative hospitals from 2010 to 2017: five were
gliomas, three were meningiomas, two were chordomas, and two were vestibular schwannomas based on
the local pathological diagnosis according to the World Health Organization (WHO) criteria [12].

This translational research was approved by the Institutional Review Board at each hospital, and
experiments were performed at Keio University School of Medicine.

Written informed consent was obtained from all 12 patients.

Clinical data

Clinical data were obtained from the patients’ records, including age at diagnosis, symptom, timing of
tumor manifestation, treatment, and institutional histopathological diagnosis [12, 13]. The timing of
tumor manifestation was analyzed in relation to the stage of pregnancy; the first trimester was defined as
the period between week 1 and week 12, the second trimester between week 13 to week 28, the third
trimester between week 29 and week 40, and the postpartum period defined within six weeks after
delivery. Pathological diagnoses of tumors was reviewed by KO according to the WHO criteria in 2016
[13].

Immunohistochemistry

Expression of sex hormone receptors, including estrogen receptor (ER), progesterone receptor (PgR), and
androgen receptor (AR), as well as that of growth factor receptors, including epidermal growth factor
receptor (EGFR), human epidermal growth factor receptor 2 (HER-2), and vascular endothelial growth
factor receptor (VEGFR) -1/2 was assessed by immunohistochemistry. Expression of c-Myc was also
assessed by immunohistochemistry.
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Three um-thick FFPE sections were stained with anti-human ER antibody (1D5, 1:100, Envision FLEX-ER™,
Dako, Glostrup, Denmark) for ER, anti-human PgR antibody (PgR636, 1:500, Envision FLEX-PgR™, Dako)
for PgR, anti-human AR antibody (AR27, 1:50, Novocastra, Newcastle upon Tyne, UK) for AR, anti-human
EGFR antibody (31G7, 1:50, Nichirei, Tokyo, Japan) for EGFR, anti-human HER-2 antibody (CB11, 1:100,
Novocastra) for HER-2, anti-human VEGFR-1/FIt-1 antibody (AF321, 1:100, R&D Systems, Minneapolis,
MN, USA) for VEGFR-1, anti-human VEGFR-2 antibody (55B11, 1:200, Cell Signaling Technology, Danvers,
MA, USA) for VEGFR-2, and with anti-human c-Myc antibody (MC045, 1:500, Abcam, Cambridge, UK) for
c-Myc. For the evaluation of ER, FFPE sections from mammary glands resected in 2006 were used as
positive controls; staining of > 5% nuclei was deemed a positive. For the evaluation of PgR, FFPE sections
from meningiomas resected in 2010 were used as positive controls; staining of > 5% nuclei was deemed a
positive. For the evaluation of AR, FFPE sections from brain metastasis of prostate cancer resected in
2011 were used as positive controls; staining of > 5% nuclei was deemed a positive. For the evaluation of
EGFR, FFPE sections from glioblastoma resected in 2011 were used as positive controls; staining of cell
membrane in > 5% of cells was deemed a positive. For the evaluation of HER-2, FFPE sections from brain
metastasis of breast cancer resected in 2010 were used as positive controls; staining of cell membrane in
>5% of cells was deemed a positive. For the evaluation of VEGFR-1/2, FFPE sections from glioblastoma
resected in 2011 were used as positive controls; staining of vascular endothelium was determined a
positive (1+) and staining of both vascular endothelium and cytoplasm as positive (2+). For the
evaluation of c-Myc, FFPE sections from anaplastic oligodendroglioma resected in 2012 were used as
positive controls and staining of >10% nuclei and cytoplasm was deemed a positive.

Genetic analyses

Tumor DNA was extracted from microdissected pieces of formalin-fixed paraffin-embedded (FFPE) tissue
[21]. For tissue microdissection, intermixed non-neoplastic glial/vascular cells and hemorrhagic/necrotic
regions were excluded. This was based on hematoxylin and eosin staining and MIB-1
immunohistochemistry (Dako) on consecutive sections [10].

Chromosomal number aberrations (CNAs) were assessed by metaphase comparative genomic
hybridization (CGH) as described previously [8, 14]. In brief, crude tumor DNA from FFPE tissue was
amplified by degenerate oligonucleotide primed-polymerase chain reaction (DOP-PCR) and labeled with
another DOP-PCR using digoxigenin (DIG)-11-dUTP (Roche, Mannheim, Germany). The reference DNA
was amplified from 50 ng of normal female DNA and labeled with biotin-dUTP (Roche). The probe
mixture was denatured and hybridized to normal metaphase spreads (Vysis, Downers Grove, IL, USA).
Unhybridized probes were washed out, and the metaphase spread was incubated with a fluorescein
isothiocyanate (FITC)-conjugated anti-DIG antibody (Roche) and rhodamine-conjugated avidin (Roche).
Preparations were washed and counterstained with 4,6-diamino-2-phenylinodole (DAPI) in an antifade
solution. Red, green, and blue images were acquired, and ratios of fluorescence intensity along
chromosomes were quantitated using the ISIS® CGH Analysis software (MetaSystems, Heidelberg,
Germany).
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Mutation of the /DH genes and methylation of the MGMT promoter were assessed for gliomas. IDH
mutations were assessed in three steps. First, FFPE sections were examined for IDH1 R132H by
immunohistochemistry with an anti-mutant IDH1 antibody (Dianova, Hamburg, Germany) [3]. For
negative cases, exon 4 of the /DH7 gene was amplified and sequenced with previously described primers
[25]. For the cases lacking the /IDH7 mutation, exon 4 of the IDH2 gene was amplified and sequenced with
previously described primers [25].

Methylation status of the MGMT promoter was determined by performing MSP using the EZ DNA
Methylation-Direct™ Kit (Zymo Research Corp., Orange, CA, USA), as described previously [7].

Results

Histopathological diagnoses of the 12 tumors included five gliomas (two cases of diffuse astrocytoma,
IDH-wild type, one case of anaplastic astrocytoma, IDH mutant, one case of glioblastoma, IDH-mutant,
and one case of glioblastoma, IDH-wild type), three meningothelial meningiomas (located in the
cavernous sinus, olfactory groove, and sphenoid ridge), two chordomas, and two schwannomas
according to the WHO criteria in 2016 [13]. The patients’ ages ranged from 27 to 41 years. CGH profiles
were obtained for all cases, and immunohistochemistry for ER, PgR, AR, EGFR, HER-2, VEGFR-1/2, and c-
Myc were successfully performed in all cases, while the MIB-1 proliferative index was obtained in 11 of
12 cases.

Molecular-genetic results

Among the five gliomas, AR was expressed in three, ER in one, EGFR in four, VEGFR-1/2 in 4/4, and c-Myc
in four cases, while expression of PgR and HER-2 was not detected. Among the three meningiomas, ER
was expressed in two, PgR in three, EGFR in one, HER-2 in two, and VEGFR-1/2 in 2/2 cases. Among the
two chordomas, EGFR was expressed in one, VEGFR-1/2 in 2/1, and c-Myc in one case. Among the two
vestibular schwannomas, VEGFR-1 was expressed in two cases (Table 1). Therefore, there appeared to be
some tendency in receptor expression specific to tumor types; female hormone receptors and HER-2 were
frequently and exclusively expressed in meningiomas, AR and c-Myc were also frequently and exclusively
expressed in gliomas, and EGFR was predominantly expressed in gliomas, whereas expression of
VEGFRs was frequently observed in all tumor types.

There were no specific CNAs shared between pregnancy-associated brain tumors (Table 1). MIB-1 indices
of pregnancy-associated brain tumors were largely similar to those of each tumor type; for example, the
average MIB-1 index of non-pregnant meningothelial meningioma was 1.8% in our series. However, some
high-grade gliomas showed rapid, aggressive development with large tumor size and high MIB-1 indices
(seeillustrative case below).

Regarding the timing of tumor manifestation in relation to the stage of pregnancy, four of the five
gliomas and both schwannomas manifested in the second trimester (Table 2). Interestingly, the
expression of VEGFR-1 was shared in all seven tumors that manifested in the second trimester.

Page 6/16



Conversely, all three meningiomas manifested in the later stages of pregnancy, in the third trimester or
postpartum period. Sex hormone receptors were shown to be expressed in four of the five tumors that
manifested in the third trimester or postpartum period.

lllustrative case
Case 3

A 30-year-old woman presented with epileptic seizures and magnetic resonance imaging (MRI) revealed a
high-intensity lesion on T2-weighted images involving her left frontotemporal operculum and insula

(Fig. TA). She underwent biopsy and pathological diagnosis was diffuse astrocytoma and an IDH-mutant
[13]. Her tumor gradually progressed, and nine months after the initial biopsy, she underwent the second
surgery of partial resection (70%) with an awake procedure (Fig. 1B). The pathological diagnosis was
diffuse astrocytoma, and IDH-mutant [13]. Chromosomal number analysis by CGH revealed - 4pter-15.3,
-60q16, +8q21.3-ter (including c-Myc locus), -19q13.13-ter and —X. MGMT promoter was unmethylated,
and MIB-1 index was 3.5%. She was observed in a watchful wait policy afterwards. Thirteen months after
the second surgery, positron emission tomography (PET) revealed methionine uptake in her left temporal
lobe (Fig. 1C, D, E). However, she was found to be pregnant (six weeks of gestation) immediately after the
PET scan, and strongly wished to continue pregnancy. She was checked for symptoms every two to three
months, without radiological assessment due to lack of complaints. However, she presented with a strong
headache, nausea and right hemiparesis at 23 weeks and 3 days of gestation, and MRI revealed a large
contrast-enhancing lesion with extensive perifocal edema (Fig. 1F, G). She underwent an emergent tumor
resection with maintenance of pregnancy, and the pathological diagnosis was anaplastic astrocytoma,
IDH-mutant [13]. The tumor had numerous CNAs including gain of MYClocus on 8q24 (Fig. 2B, 2C). The
MGMT promoter was unmethylated and the MIB-1 index was 84.5%. Immunohistochemistry of the tumor
showed expression of AR, EGFR, c-Myc, VEGFR-1, and VEGFR-2 expression (Fig. 3). At 34 weeks of
gestation, follow-up MRI revealed enlargement of the tumor (Fig. TH, I). Therefore, she was scheduled to
undergo cesarean section at 35 weeks of gestation and delivered a healthy baby. Three days after
delivery, she underwent her fourth surgery of gross total resection of the contrast-enhanced lesion with an
awake procedure. The pathological diagnosis was anaplastic astrocytoma, an IDH-mutant [13].
Subsequently, she received radiation therapy (60Gy/30Fr) with concurrent and adjuvant temozolomide.
Five months after the 4th surgery, MRI revealed a new, nodular contrast-enhancement in her insula

(Fig. 1J, K). She underwent her 5th surgery, and the contrast-enhanced lesion was only partially resected
due to a decline in motor evoked potential. The pathological diagnosis was diffuse astrocytoma and an
IDH-mutant [13]. The CGH profile of the tumor was reminiscent of those of the 2nd and 3rd resections;
however, the MYC locus appeared only gained, not amplified (Fig. 2D). Afterwards, she received peptide
vaccine therapy including those derived from VEGFR-1 and 2, and there was no evidence of tumor
recurrence five years and six months after the 5th surgery (Fig. 1L). Six years and seven months later at
the time of manuscript writing, the child was healthy without any congenital malformation or growth
retardation.
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Discussion

The mechanism by which pregnancy affects brain tumors has not yet been clearly elucidated. One
proposed mechanism is that the increase in systemic and cerebral blood volume that normally occurs
during pregnancy may increase peritumoral edema and absolute tumor blood volume [2]. Indeed, in some
cases of low-grade gliomas showing progression during pregnancy, the radiological velocity of diametric
expansion (VDE) returned to pre-pregnancy values after delivery [16]. However, many cases have been
documented that transformation from low-grade gliomas to high-grade gliomas (WHO grade 3 and 4)
occurred in women during pregnancy [5]. Therefore, progression of brain tumors in this setting may not
only be associated with an increase in systemic and cerebral blood volume, but also with other
unidentified mechanisms such as the activation of specific receptors by maternal hormones and various
growth factors.

It is known that estrogen and progesterone increase during pregnancy, especially in the second and third
trimesters, followed by androgen. Progesterone stimulates embryo implantation, endometrial hypertrophy,
and development of mammary glands. Estrogen stimulates the development of the uterus, embryo
development, and hypertrophy of prolactin producing lactotrophs. EGF increases during early pregnancy
and stimulates placental growth. EGFR is a prototypical member of the ErbB/EGFR family, which is
involved in multiple cellular processes, including migration, adhesion, differentiation, and apoptosis, and
critically regulates the growth and survival of the endometrium in response to embryo implantation
during early pregnancy [11]. HER-2 is known as c-erbB-2, and PgR, ER, and HER-2 are known as significant
prognostic factors in pregnancy-associated breast cancer patients. Placental expression of VEGF-A is
intense and expression of placental growth factor (PIGF) is moderate during early pregnancylVEGF-A
binds to two related tyrosine kinase receptors expressed on vascular endothelial cells, VEGFR-1 and
VEGFR-2. PIGF is a member of the VEGF family and specifically binds to VEGFR-1. These promote
angiogenesis and stimulate stromal cells and placental vasculature development. From 25 weeks of
gestation, angiogenesis switches from branching to non-branching and is accompanied by a decline in
VEGF-A and increase in PIGF [1].

Regarding the mechanism of individual brain tumor types, growth of meningioma during pregnancy is
known to be related to sex hormones. The positive cell ratios for ER and PgR in meningiomas are high
and PgR is more widely detected than ER. It is reported that meningothelial meningiomas most frequently
express PgR, while fibrous meningiomas most frequently express ER [19]. The expression of HER-2, ER,
and PgR is known to be involved in the development of pregnancy-associated breast cancer [18].
Likewise, HER-2 expression was detected only in meningiomas that expressed PgR and/or ER in the
present study. Among the three meningiomas in the present study, one developed in the 3rd trimester, and
two immediately after giving birth (Table 2). Importantly, all three tumors were meningothelial
meningiomas, most of which expressed PgR. As estrogen and progesterone increase especially in the 2nd
and 3rd trimesters, the development of meningioma during the late stage of pregnancy is likely
attributable to signal transduction via these hormone receptors. In addition, overexpression of HER-2 can
stimulate meningioma cell proliferation and invasion via its two main signaling pathways: the PI3K/AKT
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and RAS/MAPK pathways [24]. Phospholylated Erk1/2 MAPK, a signaling molecule in the EGFR/HER-2
pathway, is significantly reduced by estrogen deprivation but is increased by estrogen in breast cancers,
confirming the crosstalk between ER and HER-2 [15] .

As for gliomas, AR was found to be positive in three of five gliomas, c-myc was positive in two, equivocal
in two, and EGFR and VEGFR-1/2 were expressed in four of the five gliomas that progressed during
pregnancy. AR was shown to be frequently expressed at high levels in high-grade gliomas [17]. EGFR is a
pivotal driver in both the initiation of primary glioblastoma and progression of lower-grade glioma to
glioblastoma [9]. VEGF-A and PIGF play a significant role in the maintenance of pregnancy, and is also a
well-known, key angiogenic factor for the progression of gliomas [5, 23]. Regarding the timing of tumor
manifestation, four of the five gliomas presented in the 2nd trimester, in line with a previous study
reporting that tumor growth of gliomas occurs in the early stage of pregnancy. Indeed, VEGF-A and EGF
increase particularly in the early stage of gestation [11] and the increase of PIGF begins in the 2nd
trimester [1], Moreover, the predominant occurrence of gliomas in the 2nd trimester is reasonably
attributable to the increase of those growth factors.

It is noteworthy that MYC amplification was clearly demonstrated on CGH in the high-grade glioma
resected during pregnancy in case 3, but not in either the precedent low-grade tumor or the relapsed tumor
thereafter (Fig. 2). MYCis a proto-oncogene located on chromosome 8q24, which is involved in cell cycle
regulation, proliferation, and development of cancer. Overexpression of its protein product, c-Myc, has
been observed in many cancer types and leads to the upregulation of many genes related to cell
proliferation. Importantly, c-Myc expression is also known to be upregulated in the early gestation
placenta, but sparse or absent at term [6]. Therefore, MYC amplification noted only in the tumor resected
during pregnancy may be associated with the molecular environment in early gestation. Overexpression
of c-Myc could be among the driver mechanisms of progression of gliomas during the early stage of
pregnancy, especially those with 8q gain.

As for schwannoma, a previous study reported 31 cases of vestibular schwannoma that were diagnosed
or became symptomatic during pregnancy. In that series, the most frequent presenting symptom was
hearing loss, and all cases except two were diagnosed in the second or third trimester of pregnancy [22].
In line with the previous study, both cases in this study were presented in the late 2nd trimester.
Importantly, in the present study, VEGFR-1 was the only growth factor/hormone receptor detected in the
schwannomas in the two cases. Therefore, the upregulation of VEGF-A, particularly in the early
gestational stage and increase of PIGF beginning in the 2nd trimester is likely associated with the gradual
increase of the benign tumor that might manifest in the 2nd or 3rd trimester.

To our knowledge, there have been no reports of pregnancy-associated chordoma in the literature. In the
two chordomas presented here, one with 2 + expression of VEGFR-2 presented in the early 2nd trimester,
and the other one was positive for EGFR and c-Myc and presented immediately after giving birth.

As mentioned above, VEGF-A and EGF increase throughout the gestation period with the peak in the early

stage and increase of PIGF begins in the 2nd trimester [1, 11]. Therefore, high-grade tumors with receptors
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for these growth factors could manifest with acceleration of proliferation and/or malignant
transformation in the relatively early stage, and low-grade or benign tumors might present following
gradual volume increase in the later stage of pregnancy. In contrast, because serum levels of sex
hormones increase during pregnancy, especially in the second and third trimesters, tumors with hormone
receptors such as meningiomas tend to be present during the late pregnancy periods. Indeed, in the
present study, ER, PgR, and HER-2 were exclusively expressed in tumors (meningiomas) that were present
in the 3rd trimester or postpartum period. Conversely, other receptors/molecules, especially VEGFR-1/2
and EGFR, were found to be expressed regardless of the timing of tumor manifestation.

In conclusion, growth of brain tumors can be accelerated during pregnancy due to the upregulation of
various growth factors as well as sex hormones. Tumor type and their receptors appear to be associated
with the timing of presentation.
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Figure 1

Serial radiological images of case 3. A, B, D, F, H, J: T2-weighted MRI. C: C11-methionine PET. E, G, |, K: T1-
weighted MRI with gadolinium administration. A: Before the 2nd surgery. B: After the 2nd surgery (partial
resection with the awake procedure). C-E: At the notification of pregnancy (3 weeks and 2 days of
gestation, 2 years and 1 month after the 2nd surgery. Although there was no definite evidence of tumor
recurrence on T2 or contrast-enhanced T1 images, C11-methionine PET suggested tumor recurrence in
the left temporal lobe. F, G: At the worsening of the patient’s symptoms (23 weeks 3 days of gestation).
MRI revealed a large contrast-enhancing lesion in her left temporal lobe. Subsequently, the patient
underwent a subtotal tumor resection with maintenance of pregnancy. H, I: At 34 weeks of gestation,
follow-up MRI revealed enlargement of the tumor. Gross total removal was performed following cesarean
section (4th surgery). J, K: Five months after the 4th surgery, MRI revealed a new, nodular contrast-
enhancement in the left insula, and partial resection of the tumor was performed (5th surgery). L: The
patient had been treated with peptide vaccine therapy following the 5th surgery, and there was no
evidence of tumor recurrence 5 years and 2 months after the 5th surgery (9 years and 2 months after the
initial biopsy).

Page 14/16



2 QK i : g g
- -} ‘sis sverage al H N =
Al i (0 BTV [TarT B = = 4 g '2_,' \ =h
L m LA ariy e W LY g g ¥ g B 8T
"|_' h| Bl (Wl - & b = T ! =N A =1 g ||
= 4 " - | | { i = ¥ = =] =]
] {I | - ) = u L. A . Sl " i I
i - Bl |-l u 1123 2(26) 3(25) a2 5(25)
= Ei =R 211 = H
L ; | T
RN . R Pl e
BT . H g =] = a =]
w{THTT m| ) U _ E(} g g gt =i g N gL
Bt 200 BT DT ST = | K & (i 5 Bhp 8 JIN B B E )
H W BRI 2 s B MR g | = g Ell Al B g |
H t ] |T =1} IR ] 17 = I = = ot =]
] ] ! =M | - | B ! I 6127) 7(29) s(28) ?(28) 0 029) 8 a2
CRRD RN E - (N N =R QLD B
R S S S b i i w Y —— — I
g B BN = W 8171 -
= L) 1 rd | = = B | N H g
B =__,_‘,(__J g Hpd i ) =1 H U g | = = ) =1
[l - " - ey = ! ) .
| & it 13029 1 (30) 15 (28) 16130) 17 (30) 18(30)
= - 0B ﬂﬁ_ [a.)f
= A B — ey ;I-
[} i B
) Rt 8.y A AR :l 2SI
= 5] g7 B H = ¥, TRV
18(36) 20(30) 21(36) 2208 X(13) ¥([14)
=] | . 1
; i =1
= &
H =1 g B TH 1
- =i g b g N 1Nl
B Bl =} i =1mi
H i Eh g | gl
g g 8 i = gl
T i 2w 3(28) T 50300
BT &rm .
g Y j=1HIL 1) = B Ik =1
BT MBI B gt B B
= { B ] = =
BLAL BN BN B BRG] BN
&(30) 7{30) &(28) 9(29) 10 (28) 11 (36) 12(30)
B =M 5 8T 8 -
gl H ar gt gHPH 8
gl B = g I Bl
) sEn s v BG0
;j [
37
oLl gl EI Al [ E’} T
1930) 20{30) 211(29) 22(30) X185 ¥ (14)

Figure 2

Chromosomal copy number aberrations (CNAs) of case 3 by metaphase comparative genomic
hybridization. A, CNA profile of the 2nd resection. Red lines to the left of each idiogram represent regions
of reduced relative DNA copy number, and green lines to the right represent regions of increased relative
DNA copy number. B, CNA profile of the 3rd resection during pregnancy. Note that 8q24 was amplified. C,
Color illustration of CNAs of the 3rd resection on lymphocyte spread. Red indicates relative loss of
chromosomal region, and green indicates relative gain. D, CNA profile of the 5th resection. Although 824
is gained, but not amplified.
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Figure 3

Photomicrograph of the tumor of the 3rd resection of case 3. (A) Hematoxylin and eosin staining. (B)
Staining of AR. Most of the tumor cells were positive for AR. (C) Staining of ER (negative). (D) Staining of
PgR (negative). (E) Staining of EGFR. Many tumor cells were positive for EGFR. (F) Staining of HER-2
(negative). (G) Staining of VEGFR-1. VEGFR-1 was strongly positive on many tumor cells as well
endothelial cells. (H) Staining of VEGFR-2. VEGFR-2 was weakly positive on endothelial cells. (I) Staining
of c-Myc. Most tumor nuclei were positive for c-Myc. Original magnification x400.
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