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Abstract

Somatostatin analogs (SSA) with their potent aotetery and antiproliferative effects are the maedical
treatment option for patients with neuroendocrimadrs, such as gastroenteropancreatic and acroynegal
associated growth hormone secreting pituitary tsmélthough a good portion of acromegalic patieyets
normalized after SSA treatment, strict hormonalticris not achieved in a sizeable proportion @&fsth patients.
The reasons for this incomplete response to SS&niesd are unclear. We have found that the tumopragsor
ZAC1 (LOT1/PLAGL1) is essential for the antiproliftiee effect of SSA in pituitary tumor cells. The agh
the present retrospective cohort study was to ahéterwhether ZAC1 immunoreactivity in archival
somatotrophinoma tissue derived from 45 patients aéromegaly routinely pretreated with SSA before
surgery, was associated with response to SSA (diaatian of GH, IGF-I and presence of tumor shrigé&pa

All tumors displayed ZAC1 immunoreactivity [weak (# = 15), moderate (+ +n = 16) and strong (+ + +n

= 14)]. A significant positive correlation was fouhdtween strong ZAC1 immunoreactivity and IGF-I
normalization and presence of tumor shrinkage &8 treatment, which was not affected by ageamrbsis,
gender or duration of SSA treatment. Thieseivodata combined with the antiproliferative propertés
ZAC1/Zacl provide evidence of a mechanistic roleti@ transcription factor on SSA induced tumor iskage
and hormone normalization.
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The potent antisecretory and antiproliferative effex somatostatin have made it a target for vigenesearch
for drug discovery.Somatostatin analogues (SSA) are widely usedrtraichormone secretion and tumor
growth in various neuroendocrine tumors includiagtgpenteropancreatic and GH secreting pituitamots.
Patients with GH secreting pituitary adenomas (dotr@phinomas) present with acromegaly, a syndrome
caused by chronic GH hypersecretion and subsequaetse in IGF-I levels and characterized by owsrth

of the extremities, cardiac dysfunction, hypertensind metabolic disturbancecromegaly is associated with
increased mortality due to elevated GH and IGRl&® The prevalence of acromegaly varies from 125 per
million* to 1034 per millioA depending on the patient identification criteri@d in each study, indicating that
this disease is not as rare as previously thowyritrol of GH and IGF-I according to strict biochieal criteria,
can return mortality of acromegalic patients tomai* Transsphenoidal neurosurgery is the primary treatme
and long-acting SSA are the mainstay of medicaltment (primary or adjunctive) for acromeg@ly.
Presurgical SSA therapy can improve physical stanassurgical succe88 SSA normalize GH and IGF-I in
50-60% of cases and induce tumor shrinkage in ad@4®'>**However, a sizable proportion of patients,
mainly patients that are young or have large turamesincompletely responsive to current SSA.

" The first three authors contributed equally to théak.
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Somatostatin binds to a family of receptors (SSTRIWwhich belong to the 7-transmembrane-domain Gepmo
coupled receptors (GPC]R The most commonly used SSA, octreotide and laisesprimarily bind to SSTR2
and with less affinity to SSTR5. Somatostatin aadihalogues exert their antiproliferative effdptscausing
cell cycle arrest*>and/or apoptosi¥.

In a previous study, we have demonstrated thatotitte mediates its antiproliferative action initaipary

tumor cell model by inhibiting the PI3K/Akt survivaathway and inducing the expression of the tumor
suppressor ZAC1/Zac1.ZAC1 is a zinc finger transcription factor highlypeessed in the normal pituitary but
downregulated in the majority of pituitary adenortfa®ctreotide failed to suppress cell viability irygiary
tumor cells in which Zacl was knocked-down, sugggstie importance of this factor in SSA antipratifieve
action. This study was undertaken to assess whe&@l expression levels in somatotropinomas were
associated with hormonal and tumor shrinkage resgmto SSA therapy in patients with acromegaly.

Material and methods
Patients

The data for this study were drawn from the relatiatatabase, tHeége Acromegaly SurvéyAS, Graphmed,
Liege, Belgium). The LAS contains data from patiemith acromegaly treated at the Centre Hospitalier
Universitaire, Liege, Belgium over the period 197B&. Among these patients, 123 consecutive patients
received SSAs. Data from 75 patients were excldided this study due to: lack of MRI scans at diagja@and
post-treatmentn( = 33), lack of tumor sample (= 18), primary medical therapy & 10), use of dopamine
agonists i = 8) and previous radiotherapy € 6). The initial study cohort comprised data frompé8ients.

Acromegaly was diagnosed following the failure tippress plasma GH to <2 pg/L during a 2 hr oralagec
tolerance test (OGTT), in addition to an elevateB-IGevel for age and sex. All 48 patients underiven
transphenoidal neurosurgery; in 3 cases wherempstimderwent a second surgery for tumor re-grotlth,
second operative sample was studied. One patientidiple endocrine neoplasia type 1 (MEN-1).

Tumor characteristics

Tumor samples from 48 patients were identified. dfiathological studies showed that 43 tumors stained
positive for GH (24 GH alone, 16 mixed GH/prolaaind 3 plurihormonal). In 2 cases, no histopathiokig
diagnosis was available. Three cases were hista@thgidiagnosed as oncocytomas and were excluded the
study. Therefore, the final study cohort consistedicopatients.

This study was approved by the ethics committebetiniversity of Lieége.
SSA treatment

The mean duration of preoperative SSA therapy was .2 months (range: 4-38 months). Three patiehts
underwent a second intervention had received S8ishefore the second intervention. Octreotide ateet.c.
(Sandostatifi, N.V. Novartis Pharma S.A., Vilvoorde, Belgium)svased in 26 patients (dose: 300-1500
mg/day), and 2 patients received octreotide LAR¢I@0-30 mg/28 days). In the patients receivitgrmittent
s.C. octreotide, treatment was discontinued 1-4 th&jore surgery, while those treated with octdeotiAR, the
final dose was given less than a month before sur§eurteen patients received 20-30 mg of loningct
lanreotide (Somatuline LA Ipsen NV, Merelbeke, Belgium) every 10-14 days tieatment was ceased ~10
days before surgery; 3 others received lanreotigtedel (dose: 60-120 mg/28 days) and treatmenpstbfess
than a month before surgery.

GH and IGF-I measurements

GH and IGF-I levels were determined at diagnogiBdiiving a 2 hr OGTT) and the last value at the ehd
preoperative SSA therapy, before the patient unelersurgery. The cut-off value for normalizationGH was
<2.0 pg/L. Because of the variety of assays usedtover IGF-1 data were expressed for each assay as
percentage of the upper limit of normal (ULN) valder age and sex. Thus, the cut-off value for redization
of IGF-I was 100%.
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Radiological data

Tumor size was evaluated by MRI at the time of disigand after preoperative SSA therapy. Changesvior
size were classified as no change or shrinka@g% decrease in maximum diameter). All the imagesew
viewed by the same experienced neuroradiologisthadges in tumor size were verified independédnytia
second7 gxperienced reviewer. The cut-off of 15% etsen in accordance with criteria used in previous
studies”

ZAC1 immunohistochemistry

For ZAC1 determination, 4 um paraffin sectionsushor samples were used. Antigen retrieval was pedd
by microwave heating for 15 min in 10 mM citratefeuat a pH of 6.0. ZAC1 immunohistochemistry was
performed as previously describ&and immunoreactivity was determined by 2 indepenitemestigators. The
ZAC1 staining intensity pattern was classified asakv(+), moderate (+ +) and strong (+ + +). A ndrimaman
pituitary from an autopsy case taken 12 hr aftédsn death (no evidence of a pituitary adenomataro
endocrine disease) was used as a positive coRtrohegative controls, the primary antibody wasttadi

Statistics

Statistical analysis was performed using SPSSaekh.0 (SPSS, Chicago, IL). Tumors were classifiéal 3
groups according to their ZAC1 immunoreactivity (#++ and + + +, respectively). The response to S8As
terms of GH was classified as42(0 pg/L) or 0 (no normalization). The response tASid terms of IGF-1 was
classified as 1(100% of the ULN for age and sex) or 0 (>100% oflthé\ for age and sex). Changes in tumor
size were classified as 0 (no change) or 1 (shgekal5% decrease in maximum diameter). Tumor histology
was classified as 0 (GH only), 1 (mixed GH-PRL) ariglurihormonal).

Fisher's exact test with chi-square statisticsgmerman rank test were used to assess the hontggeribe
frequency distribution of discrete or nominal paesens within the ZAC1 immunoreactivity groups.
Associations between these parameters and ZAC1 immaactivity were confirmed using Somdbdest. For
continuous parameters, differences in their meahgden the 3 ZAC1 groups were tested for signifiedny
analysis of variance (ANOVA). The< 0.05 was considered to be statistically significant

TABLE | - PATIENT CHARACTERISTICS OF THE STUDY COHORT

Variables %
Demographics
Male 24 53.3
Female 21 46.7
Mean age at diagnosis, year (SD) 45.8 (12.8)
Histology
GH 24 53.3
Mixed GH/PRL 16 35.6
Plurihormonal 3 6.7
Unknown 2 4.4
Baseline laboratory values (diagnosis)
Mean GH pg/L (SD) 29.3 (£29.2)
MeanIGF-1%(SD) 226.1 (x107.8)
Tumor shrinkage
No 21 46.7
Yes 24 53.3
GH normalization
No 23 51.1
Yes 22 48.9
IGF-1 normalization
No 21 46.7
Yes 24 53.3

SD, standard deviation.
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Results

Patient characteristics are shown in Table I. Themee 24 men and 21 women; the mean age at diagnasis
46.8 + 12.6 years (range 18-67 years). The mearit@&zH level in the study group was 29.3 pg/L amel t
mean baseline IGF-I was 226.1% of the ULN for age sex. Tumor shrinkage occurred with SSA therapy in
53.3% of cases; GH and IGF-I normalization was $e@8.9% (22/45) and 53.3% (24/45) cases, respygti

All tumors displayed nuclear ZAC1 immunoreactivityhich varied in intensity across weak (r 5 15),
moderate (+ +n = 16) and strong (+ + +r1 = 14) groups (examples of each intensity are diga in Fig. 1).
Characteristics of the different ZAC1 immunostaingrgups are shown in Table Il. None of the acroniegal
tumors examined were found negative for ZAC1, dwedintensity of ZAC1 immunoreactivity was assessed
against patient's characteristics and SSA treatmgnbme.

Associations with ZAC1 immunoreactivity

Age and gendeihe intensity of ZAC1 immunoreactivity was not telhwith gender (Fisher's exact tgst
0.3865) or age at diagnosis (ANOVA= 0.967).

GH and IGF-I

A significant association existed between ZAC1 egpion and normalization of IGF-I levels (Fisheract
test,p = 0.0027; Fig. 2). This correlation was confirmedhgsbpearman rank test£ 0.517,p < 0.0001) and
Somer'dD-test(D = 0.56,p = 0.0005). Tumors with moderate ZAC1 immunoreagtistiow a higher probability
to respond to SSA compared with "weak" tumors,rmitas high as "strong" tumors (Fig. 2R association
was seen between ZAC1 and GH normalization (Fislesict tesp = 0.36; Spearman rank test= 0.0019p =
0.99; Somer'®-test:D = 0.002,p = 1.000).

Tumor shrinkage

Tumor shrinkage after SSA treatment was signifigaaitisociated with ZAC1 expression (Fisher's exastifi =
0.0028; Somer'®-testD = 0.52,p =0.0011), which was confirmed using the Spearmak tast ¢ = 0.476,p

= 0.001). Tumors with moderate ZAC1 immunoreactivigrevfound to correlate similarly with those having
strong ZAC1 immunoreactivity in terms of tumor sikage (Table II).

Other parameters

ZAC1 expression did not correlate with tumor hisgyldFisher's exact tegt:= 0.68), initial GH p = 0.97),
initial IGF-I (p = 0.87) or preoperative SSA treatment duratips 0.094).
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TABLE Il - PATIENT CHARACTERISTICS ACCORDING TO ZAC1 IMMUNOREACTIWEAK,
MODERATE AND STRONG

ZAC1 Weak Medium Strong p-values D andp-values rip?
immunoreactivity (+) (++) (+++4)
Total 15 16 14
Gender
Female 8 9 4 0.38650 D =0.18634.
Male 7 7 10 p =0.2981
Histology
GH 8 7 8 0.68498 D =0.06034. r=0.05972.
Mixed 6 6 4 p = 0.6906 p=0.7151
Other 2 2
n.a. 1 1
Tumor shrinkage
Yes 2 11 10 0.0028 D =0.52193. r=0.47663.
No 13 4 4 p =0.0011 p =0.0010
GH normalization
Yes 2.0) 6 10 6 0.36034 D =0.00207. r=0.00193.
No 9 6 8 p = 1.0000 p =0.9902
IGF-I normalization
Yes 3 9 12 0.0027 D =0.56315. r= 0.51740.
No 12 7 2 p = 0.0005 p < 0.0001
p-values ANOVA F-values
DF: 2,42
Age at diagnosis 46.33+12.9 46.63+13.99 47.15+11.49 0.967 0.103
Treatment duration 6.20 + 2.60 6.19 + 2.26 10.07 £10.68 0.094 2.409
Initial GH 30.64 +30.07 30.35+34.19 26.54+23.67 0.975 0.089
Initial IGF-I 217.43 £ 74.92 239.00 £ 90.47 220.62 +154.2C 0.871 0.364
A-GH 22.30+27.32 21.87+24.89 18.84+16.25 0.961 0.071
A-IGF-I 64.29 + 106.44 60.27 + 128.31 144.31 + 154.0¢ 0.150 1.498
The statistical correlation between patient chartic and ZAC1 immunoreactivity is shown as Fighexact probability tespy,
Sommer'D-test O andp) and Spearman's rank correlation coefficief)(DF, degree of freedom; n.a., not availabiésher's Exact test.-
2Somer'dD-test.*Spearman's test.
Figure1- ZAC1 immunoreactivity in archival paraffin-embeddacromegalic tumors. In the figure are
depicted examples of acromegalic tumors with wagknfoderate (b) and strong (c) nuclear ZAC1
immunoreactivity.
a #1 b #2 g LIy #3
s | . 1
ZAC1 2um zACH ZAC1H : "
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Figure 2 - (a) Graph showing the distribution of the indival final IGF-I values, determined after completio
of SSA treatment and before surgery, among the@3pgrof ZAC1 immunoreactivity. IGF-I values are esged
as a percentage of the upper limit of normal (Uhisllues for age and sex. The cut-off value for ndimation of
IGF-1 was 100%. (b) Frequency distribution of theFkGnormalization across the ZAC1 values.
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Discussion

ZAC1/Zacl (also known as LOT1 and PLAGL1) is a zingér transcription factor that can induce apojgtosi
and cell cycle arrest and plays an important molembryonic growth by regulating genes sucigésand

p57P? (Cdkn1¢°29. ZAC1/Zacl is highly expressed in the murine and huengterior pituitary, but is
downregulated in the majority of pituitary adenosadtypes. Eliminating Zacl expression using antisense
techniques increased cell proliferation in muriitaifary tumor cell lines. We recently showed tHacl acts
downstream of SSTR2. Rat pituitary tumor cells, lmal Zacl was knocked-down by RNA interference, were
resistant to octreotide's antiproliferative actibhese data highlight ZAC1/Zacl as an important carapbof

the antiprohferative action of octreotide.

In this study, we examined whether ZAC1 immunoreé#gtivas related to the response to SSAs in patiefith
acromegaly. ZAC1 expression did not correlate wije and gender confirming our previous findifggAC1
expression positively correlated with IGF-I normaation, but not with GH normalization. Nevertheless
divergent profile in terms of GH and IGF-I contieiell recognized to occur in the setting of S&fatment,
The reasons for the divergent results in this stady be similarly due to the difficulties in assagsirue
integrated 24-hr GH secretion due to the inheratgapility of GH. Also, ultrasensitive GH assayswsththat GH
levels can be < 1.0 pg/L after OGTT in the settingaifve acromegaly. The retrospective nature ofshidy
meant that ultrasensitive GH assays were not unlfoavailable in all patients, and together theseiés may
have contributed to discordant results.
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Interestingly, there was a positive correlationisetn increased ZAC1 immunoreactivity and tumondtage
after SSA therapy. ZAC1 immunoreactivity did notredate with other patient characteristics, suchaseline
IGF-1, baseline GH and the duration of SSA treattm&amor shrinkage is reported in 40-50% of acrortiega
patients receiving SSA treatméent: Although tumor shrinkage is a recognized effecs8#\s, the molecular
mechanisms behind it have yet to be elucid&ted.

SSAs were shown to inhibit cell cycle progressionitro.*>**Reduced Ki-67 protein levels in tumors from
acromegalic patients treated with octreotide suspbe concept that SSAs induce cell cycle airegivo?*
Somatostatin was also shown to induce apo-ptosislynthrough SSTR%’ although there is evidence for the
involvement of SSTRZ® However, apoptosis was not significantly increaseakctreotide-treated tumors.
Furthermore no necrotic events, or other morphakdgihanges, were found in SSA treated acromegalic
tumors?’ These reported data suggest that SSA-induced tsimimkage is probably due to cell growth arrest
rather than apoptosis. ZAC1/Zac1 limits cell growshinducing cell cycle arre'St therefore it can cause, at
least in part, the cell cycle arrest state repaneatromegalic tumors after SSA treatment (revidweRef. 23).

The positive correlation between ZAC1 immunoreattiand tumor shrinkage and decreased IGF-| levigds a
SSA treatment, suggest ZAC1 as a possible mark&3a response. A reliable immunohistopafhological
marker could help to guide treatment in patienth wésidual tumor postoperatively toward eitheigkaerm
adjuvant SSA or consideration of re-operation toutlethe remaining tumor, which we and others hetvawn
to significantly increase subsequent control wiAS??® Previous studies have shown that somatotroph tumor
type can predict SSA treatment outcome, with dgrgenulated adenomas having a higher probabdity t
respond to this treatment than sparsely granufafenithermore, the expression of theubunit of the
heterotrimeric GTP-binding protein Gwvas found to be higher in octreotide-sensitiv@argalic tumors® In
addition, the expression of the different SSTR $yiperespondergersusnonresponders was also a subject of
intense investigation. Positive SSTR autoradiogrégaiytigraphy correlated with octreotide's therdjpeu
efficacy**? Furthermore, low SSTR2 expression was associatidpedr hormonal response after SSA
treatment**and this was confirmed at protein level by findagtrong correlation between SSTR2A
immunoreactivity and GH decrease after an octredtithpression tedtindeed SSTR2 gene transfer to
partially SSA resistant human somatotroph tumoywiimary cell culture increased their responsectoentide
treatment?® In addition, a mutation in SSTR5 was found in Joawegalic patient resistant to octreotide
treatment’

In summary, ZAC1 immunostaining on tumor tissue associated with tumor shrinkage and IGF-I
normalization in patients with acromegaly treatethvBSAs. Considering that ZAC1 is a tumor suppregsoe
that plays a prominent role in the antiproliferataction of SSA, these data suggest a mecharostiéar this
factor in SSA-induced tumor shrinkage and geneealttnent response. Zacl was shown to be downstteams
the PI3K/Akt pathway, which plays a central roletie regulation of cell survival and growthwWhether
ZAC1/Zacl inhibits this pathway at transcriptionaldeto mediate SSA-induced tumor shrinkage is ands
that deserves further study. In addition our figdiof a correlation between high ZAC1 immunoredtytiand
IGF-1 normalization suggests the possibility ofuagtive role for this transcription factor on SSépéndent
decrease in hormone synthesis. The herein repiortgdo study points to a central role for ZAC1 in SSA aatio
and raises several issues, the elucidation of wihilttiacilitate the better understanding of SSAiac and will
subsequently lead to improvements in SSA treatmiicacy.
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