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Chromogranin A (CgA), a marker for neu-
roendocrine cells, is associated with poor
prognosis when detected by immunohisto-
chemical technique in prostate tumors.

We have developed an ELISA on micro-
plates for serum CgA and established the
normal reference range. We also attempted
to find out whether elevated serum CgA lev-
els could be found in patients with various
malignant diseases. Because of non-
Gaussian distribution, both medians and 97.5
percentiles of serum CgA levels for men and
women of four different age groups were de-
termined. For women, the median and 97.5

20 to 50, and 32 and 93.8 for 50 to 80 years
of age, respectively; for men, they are 27.9
and 78.4 ng/mL for ages 18 to 40 and 41.6
and 92 for 40 to 80 years old, respectively.
Elevated serum concentrations of CgA were
detectable in patients with prostate cancer not
undergoing hormonal treatment, and in pa-
tients with various malignant diseases includ-
ing nonendocrine carcinomas. Most elevated
serum CgA levels were associated with sera
containing highly elevated serum tumor mark-
ers. Drugs targeting neuroendocrine cells
should be administered for cancer patients
with elevated serum CgA levels. J. Clin. Lab.

percentiles are 20.7 and 63.9 ng/mL forages  Anal. 13:312-319,1999.  ©1999 Wiley-Liss, Inc.

Key words:  neuroendocrine cells; neuroendocrine differentiation; chromogranin A; reference

value; malignant diseases

INTRODUCTION static tumor tissue, based on immunohistochemical methods,
as always associated with poor prognosis (6,7). In fact, the

gA score was found to be significantly related to the Gleason
range of 4.57 to 4.68. CgA is also present in a variety gere: the volume of the tumor, and the pathologic stage (8,9).

polypeptide-secreting endocrine cells that possess Secreto‘]\leuroendocrme dlfferentla_mon also appears to have an
granules, such as neuroendocrine cells (1,2). Although seﬂmﬁaa on prostate cancer patients undergoing hormonal treat-
! " ent. Berner showed (10) that prostate cancer patients be-

CgA s a well-known marker for the neuroendocrine cell, dL('; me resistant to hormonal therapy when there was increasin
to the lack of commercial assay kits in the U.S., serum C A Py 9

. . eL}roendocrine differentiation in their tumors. However, in
rarely has been used for the diagnosis and managemeny o .
eir study, only random specimens were used for serum CgA

atients with neuroendocrine tumors such as neuroblasto : . ;
ph h I celll . d . ﬂ asurement. When we monitored CgA retrospectively in
pheochromocytoma, small cell lung carcinoma, and carcinolgsia| serym specimens from patients known to have resis-

like tumors (3'4_)' , tance to hormonal therapy, we found that in almost one-third
Neuroendocrine cells, in general, have not been foundyn, | prostate cancer patients the level of serum CgA was

nonendocrine carcinomas. Neither has serum CgA been ggyated. Also, this elevation was detected at an earlier stage

tected in carcinomas, except in those tumors whose norra@,lmg hormonal treatment (11). Elevation of serum CgA in

counterparts contain neuroendocrine cells, such as the piRgse patients was usually detected several months prior to

tate. In the prostate and urethra, neuroendocrine cells @€rise of serum PSA. Conceivably, the early modification

known to be present in relatively large numbers. These neu-

roendocrine cells in the prostate are intraepithelial regulategsrrespondence to: James T. Wu, ARUP, 500 Chipeta Way, Salt Lake City,

cells with hybrid neuroendocrine and epithelial characterigtah 84108,

tic (5). Detection of neuroendocrine differentiation in the pr&eceived 10 June 1999; Accepted 26 August 1999

Chromogranin A (CgA) is an acidic glycoprotein with %
molecular weight of 68 kDQand an isoelectric point in the

© 1999 Wiley-Liss, Inc.
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of therapy to target neuroendocrine instead of epithelial 1 M carbonate buffer, pH 9.6 and allowing incubation over-
mor cells may improve the chance of survival for those paight at 4°C. Blocking solution 15QL (PBS containing 1%
tients (12). The importance of establishing a serum CgA as&§A, 0.05% casein, 0.05% Tween 20 and 2% sucrose) was
is also supported by the study performed by Angelsen etadded at.t. After 6 h, incubation wells were emptied and
(13) which showed that CgA is a more useful serum markeashed once with PBS containing 0.05 %e&n 20. The
than neuron specific enolase in predicting the extent of ng@late was left in the refrigerator in sealed plastic bags during
roendocrine differentiation in prostate tumors. the study.

Using our in-house-developed serum CgA assay we foundlo assay for CgA 5(L HRP-conjugated monoclonal anti-
that serum CgA was elevated not only in prostate cancer @gA antibody (1:100 dilution) and 30 of sample (or cali-
tients showing hormonal resistance but also in patients boator) were added to each antibody-coated well. After 3 h
receiving such treatment. In the latter, the elevation of serumubation at r.t. with gentle agitation, wells were washed 3
CgA occurred at a much later stage of disease progressiotires with 200uL per well of washing solution. For color
usually so advanced that the serum PSA was also elevatedevelopment, 100L TMB was added to each well. After 12
our continued investigation we also found both normal andn, the reaction was stopped with the addition of 150f
elevated levels of serum CgA in various malignant diseadebdl H,SO, and the absorbency was read at 450 nm.
including nonendocrine carcinomas. This finding was unex-
pected since neuroendocrine differentiation has never befRESULTS
been reported in these carcinomas. The important clinig\%lsay Development
implications of this finding warrant additional studies.

Antibody coating

MATERIALS AND METHODS Various assay parameters were studied in order to deter-

Both the polyclonal rabbit antihuman CgA antibody analine the optimal conditions for a microplate-based enzyme
the HRP-conjugated monoclonal mouse antihuman CgA ammunoassay following the sandwich format for serum CgA.
tibody were purchased from Dako (Carpinteria, CA). The3de results are depicted in Figure 1.
antibodies are made against the C-terminal 20 kDa fragmernfs shown in Figure 1A we found that coating 1@0of 5
of a CgA molecule. Immulon 4 Removawell® strips werpg/mL polyclonal rabbit anti-CgA antibodies provided the
from Dynatech Laboratories (Chantilly, VA). SK-N-AS celhighest sensitivity for CgA detection. Although a coating of
line, a human metastatic neuroblastoma cell line was obtaideiw 4pug/mL of anti-CgA antibodies could prove sufficient,
from ATCC (Rockville, MD). The Dako CgA enzyme immu-applying 5ug/mL of antibodies would reduce the possibility
noassay kit and the CIS (CIS Bio International, Cedex, Franoéhook effects and extend the life of the coated antibody
radioimmunoassay CgA kit were all generous gifts. TM&uring storage.
peroxidase substrate and K-blue substrate-TMB were from
Neogen Corp. (Lexington, KY). Chromatofocusing was pelRumber of incubations
formed on Pharmacia (Piscataway, NJ) FPLC automated sys-
tem using Mono P 5/5 prepacked column as describ]%r
previously (14).

or sandwich-type enzyme immunoassays, one can per-
m either one or two incubations. We found that an assay
using only one incubation, in which HQ serum and 5QLL

] detecting antibody were mixed at the same time in the anti-
Specimens body-coated microwell, produced a much higher sensitivity

All serum specimens used to establish normal referer€éd- 1B).
values were obtained from normal individuals visiting Chang o
Gung Memorial Hospital in Taipei, Taiwan, for their annudncubation time
health check-up. These were adult males and females betwegg general, the longer the incubation time the more sensi-

age 20 to 80 years old. There were only a few under 20 the assay. However, selection of incubation times longer
over 80 years old. Based on the results of a chemistry profjlgan four hours makes it difficult to complete an assay within
these serum specimens did not have any detectable renalgdyorking day. Based on our study (Fig. 1C) we selected

liver abnormalities. Serum specimens from patients with prggyr hours as the length of incubation time for our assay.
tate cancer and various carcinomas were sent to clinical labo-

ratories for determining the tumor marker level. Detecting antibody

The HRP-conjugated anti-CgA monoclonal antibody we
purchased was originally designed for use in immunohis-

Antibody coated microplate was prepared by adding to edolchemical staining. Therefore, the antibody was at a much
well 100pL of polyclonal anti-CgA antibodies {fg/mL) in more diluted form than the antibodies we customarily use for

In-House Serum CgA Assay
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s Antibody Coating zSample Incubation Time enzyme immunoassays. Because the antibody was HRP-con-

A 5 g, C Jugateq and ready for_ |mmur_10h|stochem|cal s'Falnlng, it was

well suited for detecting antibody as long as it had a suffi-

10 pgfmL. 1 cient affinity for the analyte. As shownfingure 1D we found

' 4h that dilution of the HRP-conjugated monoclonal antibody 100-

1 agl fold was most suitable for our assay. At this dilution the assay
appeared to be linear up to 400 ng/mL without producing a

85 high background.

>
=

I Calibration curve

r § —rT . A typical calibration curve for our CgA assay is shown in
0 00 200 300 400 500 6000 n m n " s X K K
. Dilution of Detecting Figure 2A. The calibration curve covers the CgA concentra-
Number of Incubation Antibody tion up to 500 ng/mL in a linear fashion. Usingexially
diluted calibrator of known CgA concentration we found the
sensitivity of our assay to be about 5 ng/mL. Dilution of cali-
brator below 5 ng/mL produced identical absorbence similar
to the background absorbence.

15

One incubation

A 450 nm

Two incubations

Serum CgA and Calibrator
0.5 -
We used CgA contained in the cell culture medium of SK-

N-AS cells, a human metastatic neuroblastoma cell line, as

1S I P the calibrator for our assay without further purification. In
0 100 200 300 400 500 6009 100 200 300 400 500 order to make certain that the cell line-derived CgA had the
Calibrator CgA (ng/mL) same affinity as the serum CgA for the assay antibody, two

dose response curves, one using serum CgA and the other
Fig. 1. Assay parameters optimized for the development of a sandwid®!Ng Ce.”'de.”\./ed CgA, were determmed-. If there were a dif-
type enzyme immunoassay for serum CgA, Determination of an opti- ference in affinity between CgA from thweo different sources,
mal concentration of polyclonal anti-CgA antibodies for coatirig); Se-  the slopes would have been different. As shown in Figure 2B,
lection between one and two incubations for the assay. In one incubati9gsh, qur cell-derived calibrator and serum CgA exhibited al-

the detecting antibody and the sample were added to the antibody-coated , . . .
well at the same time;C, Determination of the optimal length of incuba-most IdentlcabloDes suggesting that both had the same af-

tion time; D, Determination of the optimal dilution for the detecting HPRIINIty for the assay antibody. In other words, using CgA from

conjugated anti-CgA monoclonal antibodly. the cell medium of SK-N-AS cells allows us to produce ac-
Calibration Curve Affinity for Antibody
25 2
A
24
1.5
g .
> 14
(T2 14
<
< 0.5-
051 —o— Calibrator

....... & Serum

y =0.004x + 0.068 r=0.999
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Calibrator CgA (ng/mL) Serum CgA (ng/mL)

Fig. 2. Typical calibration curve for CgA immunoassay and comparisarurves. One is based on the concentration of serum CgA and the other is on
between calibrator and serum CgA of their affinity (or slope) for assay aritie concentration of in-house calibrator. The perfect match of two curves
body. 2, A typical calibration curve of our in-house assay using CgA is@ndicates that our in-house calibrator has the same affinity for the assay an-
lated from SK-N-AS cells. The concentration of our calibrator was calibratédodies as the CgA in the patiens&ra. \dlues of the serum CgA were
against CIS RIA kit; B, Comparison of the slope of two dose responsassigned by dilution.
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curate results for our serum CgA assays. CgA from the catilage between 20 to 50 have very similar distributions of
line was also characterized on chromatofocusing. The pl (isloeir serum concentration of CgA. After they reach the age of
electric point) of cell line-derived CgA (pl = 5.1) proves tha&0, serum CgA levels increase. However, distribution of se-
CgA is an acidic protein even though it is slightly differemum CgA is very similar among women between the ages of

from that of serum CgA (pl = 4.7) (Fig. 3). 50 and 80. On the other hand, the distribution of serum CgA
appears to be similar among men 18—40 and 50-80 years old.
Assay precision, sensitivity, and recovery Because of non-Gaussian distribution of serum CgA we de-

cided to estimate the median instead of mean for serum CgA

Using pooled sera from patients with renal insufficiency, Wg various age groups of normal men and women. However,
performed the within-day (intra-assay) precision studies at thiggged on the results of the 13 age groups in Figune4,
levels of CgA: CV =6.25% (20.5 £ 1.3, N = 12); 6.01% (44.3 decided that four age groups wouldfief The results are
2.7, N = 12); 5.95% (105 £ 6.24, N = 20e used controls at shown in Table 1. Apparently, serum CgA levels increase with
two different levels in the routine CgA assays at different dayfg; age, and men appear to have slightly higher levels. These
to estimate for the day-to-day precision, CV = 9.8 (110 + 10.{5rmal reference values should help the diagnosis and prog-
N=12);CV=10.2(42+43,N=12). nosis of patients with various malignant diseases.

We determined the assay sensitivity by diluting the cali- Aithough the normal reference values for serum CgA were
brator of known CgA value continuously until no change gfased on normal Asian men and women, these values don't
decrease in absorbence at 450 nm could be detected. We fighthy to be much different from those reported in the litera-
that that assay sensitivity is 5 ng/mL since we could not dgre which were based on a Caucasian population. CIS RIA
tect any further decrease of absorbence below that level. it Jists a normal mean of + SD as 36 + 18 ng/mL (N = 50

Serum without any detectable CgA was spiked with aiara) while Kadman et al. reported normal serum CgA as 43
quot of serum containing highly elevated CgA. The recovety| 7 ng/mL (15).

was found to be 98 and 102% for serum levels of 35 and 120
ng/mL, respectively. CgA in Prostate Cancer

Normal reference value Instead of finding an early rise of serum CgA in those pa-
o ~ tients with developed hormonal resistance (11), elevated se-
As shown in Figure 4 we measured the serum CgA in betlyy cgA was detected in prostate cancer patients without

men and women of different age groups. Apparently Womggteiving hormonal treatment at a much advanced stage of
cancer progression. In other words, elevated serum CgA usu-
ally appeared at the time when serum PSA had also become
FPLC Chmmatofocusing (pH 7-4) highly elevated such as higher than 100 ng/mL (Big\6re
than 50% of specimens containing greater than 100 ng/mL of
serum PSA showed elevated serum CgA. On the other hand,
- only 9% of specimens containing less than 100 ng/mL of PSA
| 9 had elevated serum CgA. The study was carried out using the
Dako EIA kit and their suggested upper normal level was
plotted as a dotted horizontal line.

4.0

0" SK-N-SH cell

301 medium

Serum

2.0
CgA in Various Carcinomas

In nonendocrine carcinomas neuroendocrine differentiation
has rarely been observed or reported. Detection of neuroendo-
crine differentiation in carcinomas is not expected without find-

0.0 T I I T T T 4 ing neuroendocrine cells in their normal counterpart (16). There
0 10 20 30 4 50 60 7 was also some controversy in a few publications concerning
Tube Number _neuroend_ocrine dif_ferentiatio_n in detected carcinomas using the
immunohistochemical technique (16). Therefore, we made an
Fig. 3. Elution profile of CgA immunoreactivity by chromatofocusing.attempt to study these nonendocrine carcinomas plus other
Both the cell medium of SK-N-SH cell line (0.2 mL) and serum (0.2 munalighant diseases using our sensitive, quantitative serum CgA
containing highly elevated CgA were subjected to chromatofocusing. Elyssay. We were wondering whether it was possible to detect
tion butffer was selected to provide a pH gradient of pH 7 1o 4. The Cgfla\ated serum CgA as an ectopic tumor marker in advanced
immunoreactivity elution profile indicated that, although still acidic, the iso- . . ..
electric point of the CgA molecule of the cell line is slightly higher then th%tage of carcinomas. _In thls preliminary Stu_dy we _have mea—
CgA appeared in the serum. A Dako kit was used to determine the cgred serum CgA mainly in serum from patients with various
concentration in the eluate. malignant diseases containing highly elevated tumor markers.

pH Gradient (0)

1.0 1

CgA (U/mL)
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Fig. 4. Concentration of serum CgA determined with in-house assay for normal men and women in different
age groups. Numbers at top of each section indicate the number of specimens for each age group.

As shown inFigure 6 the frequency of detecting serum Cgpatients with renal insufficiency or elevated serum creatinine,
elevation is much higher than we expected. The horizontaé serum CgA concentration could be anywhere from 10- to
dashed lines in the figure correspond to about to 90 ng/mL160-fold higher than those values detected in normal persons
CgA. Dots above this line relate to elevated serum CgA (é5ig. 7). The extent of serum CgA elevation found in sera with
suming most cancer patients are at an older age). Our findiagsormal liver enzymes, however, was much less than that de-
certainly warrant further detailed study. tected in renal patients. Practically no elevation of serum CgA

- . was detected in sera containing normal liver enzymes.
Effect of Renal Insufficiency and Abnormal Liver g 4

Enzymes

Elevated serum CgA was found in patients with renal iR—ISCUSSlON

sufficiency (Fig.7) and abnormal liver enzymes (Fig. 8). In  CgA has been known to be a sensitive marker for both neu-
roblastoma and pheochromocytoma (4). In fact, serum CgA

TABLE 1. Median and 97.5 percentile of serum CgA for is also useful for the diagnosis and management of patients
different age groups of women and men with small cell lung carcinoma and carcinoid tumors. How-
Age group Median 97.5 percentile #of ever, few laboratories offered teerum CgA test and serum
(vears of age) (ng/mL) (ng/mL) Specimen CgA has been seldom ordered by clinicians, perhaps having
Women 20 to 50 20.7 63.9 104 to do with the unavailability of a commercial CgA kit in the
Women 50 to 80 32 93.8 137 United States.

Men 18 to 40 27.9 78.4 110 One of the shortcomings of using HPLC for catacholamine

Men 40 to 80 416 92 234 quantification has to do with the interference of drugs. For
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example, antihypertensive drugs such as labetalot and
captopril contained in urine specimens can produce chromato-
graphic peaks interfering or covering the HPLC peaks of epi-
nephrine and norepinephrine, making it impossible to quantify
these catecholamines (17). In fact, many metabolites of
catacholamine also tend to interfere. In situations when the
measurement of catecholamines is used for the diagnosis of
pheochromocytoma, measuring serum CgA can become use-
ful; because the CgA test is an immunoassay, it is not sub-
jected to drug interference. Recently, we found that the
measurement of serum CgA could also be used to predict
whether prostate cancer patients receiving hormonal therapy
will develop resistance (11). In one-third of those patients, a
slightly elevated serum concentration of CgA will appear sev-
eral months before the rise of serum PSA levels, serving as
an early signal of resistance to hormonal treatment. Since fail-
ure in hormonal treatment accounts for the death of a signifi-
nt number of patients with prostate cancer, the early
tection of elevated serum CgA, would allow for early modi-

our clinical laboratory with known PSA values determined by the Hybritedications of treatment before it was too late. Drugs used for
Tandem E immunoassay. The horizontal dotted line is the upper normal lithie treatment of epithe|ia| tumors differ from those recom-
(18 U/mL) assigned by the Dako assay. The vertical dotted line is the alanded for tumors derived from neuroendocrine cell (12).

i | ff fi A levels. Al ly high " .
proximate upper normay cutoff for serum CgA levels. An apparently highgy, - 6 4ings suggest that prostate cancer patients undergo-
percentage of the elevated serum CgA levels was found in specimens con-

taining highly elevated serum PSA levels. The CgA concentration was Ha9 hormonal trea.tment should be routinely monitored by
termined using an CgA enzyme immunoassay kit from Dako. serum CgA, pending further study.

A Carcinomas
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We felt that it was important to determine the normal ref-
erence values of serum CgA for different age groups of women
and men because it appears that the normal reference value is 0 T T T T
age dependent. These normal values should benefit the diag- 0 50 100 150 200 250

nosis of various neuroendocrine tumors, such as pheochro-

_ as Serum ALT (U/L)
mocytoma, small cell lung carcinoma, and carcinoid tumors,

and should also assist the monitoring of carcinoma patiefs 8. Elevated levels of CgA detected in serum specimens containing
during treatment. The results shown in Figure 4 and Tablebhormal concentrations of serum AST and ALT liver enzymes.
indicate that separation into four groups is sufficient. Appar-
ently the serum CgA levels are higher in men and at an older
age.The lower reference values of serum CgA establishadd exocrine secretory processes (20). The known growth
for men and women at a younger age provide higher sensifactor activity of the neuroendocrine cell products, an increase
ity for cancer detection, while higher reference values for oldarproliferation in cells surrounding neuroendocrine cells, and
people give higher specificity for cancer diagnosis. a lack of androgen receptor expression in neuroendocrine cells
To our knowledge detection of CgA in carcinoma tissuasiggest mechanisms by which they may be of prognostic sig-
other than prostate tissue has rarely been reported regardidgsance (5,6).
of whether the immunoassay or the immunohistochemicalDetection of elevated serum CgA at advanced stages in
technique was used. Our detection of significantly elevatearcinomas also has important clinical implications. Carci-
serum CgA in several nonendocrine carcinomas was unegmas are the most frequently found cancer. Detection of el-
pected. Further studies are warranted. The expressiorewdited serum CgA indicates that there is neuroendocrine
carcinoembryonic proteins (fetal tumor antigen) and the d#ifferentiation and a proliferation of neuroendocrine cells at
tection of serum ectopic tumor markers in patients with agdvanced stages for most carcinomas. Given this fact, treat-
vanced malignant diseases, such as elevated serum AFRénts should target not only epithelial cells, as most treat-
colon carcinoma and primary gallbladder carcinoma, are welents are presently designed to, but also neuroendocrine cells.
known(18,19). Whether the finding of elevated serum Cg#his is especially the case if the products (heuropeptides such
is due to a similar mechanism remains unclear. Neuroends-CgA) of neuroendocrine cells are responsible for promot-
crine cells are known to have wide-ranging regulatory funiexg the proliferation of epithelial tumor cell growth. It is pos-
tions, including the regulation of growth and differentiatiorsible that during the treatment of these types of patients, the
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inhibition of neuroendocrine cell growth probably is more vival after radicalprostatectomy for localized carcinoma of the pros-

critical than the inhibition of epithelial cell growth. tate. Cancer 1997,80:2109-2119. _
M tal (21 doc tal (3.22 ted blO. Berner A, Nesland J, &&hre H, Glide J, Fossa S. Hormone resistant
ezgeretal. ( ) an onnor et al. ( ! ) reported be- prostatic adenocarcinoma: an elevation of prognostic factors in pre- and

fOI’e that e|evatI0n Of serum CgA |eVeIS COU|d be fOUﬂd |n post.treatment Specimens_ Br J Cancer 1993’68380_384

patients with renal and hepatic failure. Our results not only. Wu JT, Astill ME, Liu GH, Stephenson RA. Serum chromogranin A:

confirmed their study but also indicated that specimens with early detection of hormonal resistance in prostate cancer patients. J Clin

serum creatinine > 7 mg/dL may contain close to normal se- L-abAnal 1998;12:205. : . o

rum CgAIeveIs. Wesuggest that specimens with elevate%lz‘ Bajetta E, gt al. 5-‘Fluor0uraC|I, daparbazm& and epirubicin in the treat-
; o - ment of patients with neuroendocrine tumors. Cancer 1998;15:372—-378.

serum CgA levels should have their serum creatinine and liygr angelsen A, Syversen U, Haugen OA, Stridsberg M, Mjolnerod OK,

enzymes checked as well. It is important to make certain thatwaldum HL. Neuroendocrine differentiation in carcinomas of the pros-

the elevated serum CgA detected is not a result of abnormaltate: do neuroendocrine serum markers reflect immunohistochemical

renal or liver function.

14.

REFERENCES

1.

. O’Connor DT, Deftos LJ. Secretion of chromogranin A by peptide-pro-

. Di SantiAgnese P, Cockett ATK. Neuroendocrine differentiation in prg

Deftos LJ. Chromogranin A. Its role in endocrine function and as &ﬁ
endocrine and neuroendocrine tumor marker. Endocr Rev 199116'
12:181-186. )

. lacangelo AL, Eiden LE. Chromogranin A: current status as a precursor )
7, Crawford GA, Gyory AZ, Dallery DM, Kelly D. HPLC of urinary cat-

for bioactive peptides and a granulogenic/sorting factor in the regulaljed
secretory pathway. Regul Pept 1995;58:65-88.

ducing endocrine neoplasm. N Engl J Med 1986;314:1145-1151. 18.

. Boomsma F, Bhaggoe UM, Man In‘t Veld AJ, Schalekamp MA. Sensi-

tivity and specificity of a new ELISA method for determination of
chromogranin A in the diagnosis of pheochromocytoma and neurobl&g-'
toma. Clin Chim Acta 1995;239:57—-63.

static malignancy. Cancer 1996;78:357—361. 20.

. Di SantiAgnese P. Neuroendocrine differentiation in prostatic carcinoma.

Cancer 1995;75:1850-1859.

. Cussenot O, Villette JM, Valeri A, et al. Plasma neuroendocrine mark- : . . .
;‘lJl Mezger MS, O’Connor DT. Plasma chromogranin A in renal failure:

ers in patients with benign prostatic hyperplasia and prostatic carcinot% .
J Urol 1996;155:1340-1343.

. Van de VoordéNM, Van Poppel HP, Verbeden EK, Oyen RH, Baert

QV, Lauweryns JM. Morphologic and neuroendocrine features of afi?-
enocarcinoma arising in the transition zone and in the peripheral zone
of the prostate. Modern Path 1995;8:591-598.

. Theodorescu D, Broder SR, Boyd JC, Mills SE, Frierson Jr. HF, Cathe-

psin D. Chromogranin A as predictors of long term disease specific sur-

findings? Prostate 1997;30:1-6.

Wu JT, Zhang P, Astill ME, Lyons BW, Wu LH. Identification and char-
acterization of c-erbB-2 proteins in serum, breast tumor tissue, and SK-
BR-3 cell line. J Clin Lab Anal 1995;9:141-150.

Kadmon D, Thompson TC, Lynch GR. Elevated plasma chromogranin
A concentrations in prostatic carcinoma. J Urol 1991;146:358—-361.
Bosman FT. Neuroendocrine cells in non-endocrine tumors: what does
it mean ? Verh Dtsch Ges Path 1997;81:62—72.

echolamines in the presence of labetalol, captopril camethyldopa.

Clin Chem 1990;36:1849-1853.

Wu JT. Measurement of AFP and its lectin reactive isoforms in liver
diseases and various malignancies. Annals of Clin Lab Sci 1990;
20:98-105.

Brown JA, Roberts CS. Elevated serum alpha-fetoprotein levels in pri-
mary gullbladder carcinoma without hepatic involvement. Cancer
1992;70:1838-1843.

Hoosein-NM; Logothetis-CJ; Chung-LW. Differential effects of pep-
tide hormones bombesin, vasoactive intestinal polypeptide and soma-
tostatin analog RC-160 on the invasive capacity of human prostatic
carcinoma cells. J Urol 1993;149:1209-1213.

elevation proportional to degree of renal failure, and retention of im-
munoreactive fragments (abstract). Kidney Int 1986;29:198.
O’Connor DT, Randian MR, Carlton E, Cervenka JH, Hsiao RJ.
Rapid radioimmunoassay of circulating chromogranin A: in vitro
stability, exploration of the neuroendocrine character of neoplasia,
and assessment of the effects of organ failure. Clin Chem
1989;35:1631-1637.



	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	REFERENCES
	Table 1
	Fig. 1
	Fig. 2
	Fig. 3
	Fig. 4
	Fig. 5
	Fig. 6
	Fig. 7
	Fig. 8

