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ABSTRACT

Usefulness of total prostate specific antigen, free/total prostate
specific antigen ratio and high mobility group box protein 1in

prostate cancer patients

Sungsil Lee

Department of Medicine

The Graduate School, Yonsal University

(Directed by Professor Oh Hun Kwon)

Prostate-specific antigen (PSA) assay has providedimple means of
monitoring the progress of prostate cancer (P.€tger before or after treatment.
However, total PSA (t-PSA) lacks specificity foetR.Ca and does not correlate
well between t-PSA and free/total PSA ratio (% fAPSBecause of the

limitations of t-PSA and % f PSA for diagnosis afCR, investigators have



searched for a new effective biomarker of P.Ca sashhuman glandular
kallikrein (hK2), hK2/free PSA, free PSA/(t-PSA XB) ratios, complex PSA,
prostate-specific acid phosphatase, P501S ancopdaamin.

The high mobility group box protein 1 (HMGB1) kmo as amphoterin is
made up of chromatin-associated proteins and theertration of HMGBL1 in
blood increased in many diseases including cambeymatoid arthritis, and
acute lung injury. Recent studies showed that mRMAression of HMGB1
could be increased in P.Ca, especially in patiarite have been treated with
androgen deprivation hormone therapy. The aimisfdtudy was to evaluate the
clinical usefulness of serum t-PSA, % f PSA and HBAGlevels using
enzyme-linked immunosorbent assay (ELISA) in tregdosis of P.Ca.

Twenty-nine of benign prostatic hyperplasia (BRidjients (mean age, 71 yr;
60-84 yr), 34 of P.Ca patients (mean age, 70 y¥8&%r) and 21 of normal
healthy donors (mean age, 54.3 yr; 46-66 yr) warelied. Serum t-PSA and
free PSA were measured by electrochemiluminescemteinoassay with E 170
module for Modular Analytics (Roche Diagnostics,sBla Switzerland) and
gquantitative HMGB1 assay was measured by a 2-sapvech (ELISA) with
HMGBI1 Kit (Shino-test, Kanagawa, Japan).

Serum t-PSAR<0.0001) and % f PSAPK0.0001), not HMGB1R=0.1938),

were significantly different among P.Ca, BPH andltigy control groups without



regard to Gleason score and hormone treatment. HMEB0.4701, 0.2415)
was still not significantly different between P.@aient with or without hormone
treatment. Serum HMGB1 of the P.Ca group with Hoth (<7) and high %X8)
Gleason score did not show statistical differendth whose of the BPH and
healthy control groupP=0.2997; Gleason scafé, P=0.1931; Gleason scor8).

In conclusion, mRNA level of HMGB1 could be increddn P.Ca patients by
androgen-deprived hormonal treatment or metasthisisiever serum HMGB1
could not differentiate P.Ca patients with BPH awas not increased in P.Ca
patients who had neither androgen deprivation hoahtreatment nor Gleason

score-8.

Key words: HMGBL1, % f PSA, T-PSA, P.Ca, BPH



Usefulness of total prostate specific antigen, free/total prostate
specific antigen ratio and high maobility group box protein 1in

prostate cancer patients

Sungsil Lee

Department of Medicine

The Graduate Schoal, Yonsel University
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I.INTRODUCTION

P.Ca is the ¥ leading cause of cancer death in the United Statdshas been
recently increasing in Asigt In 2006, the number of expected new cases was
about 235,000 in the US. The need for the earlgalien of P.Ca has increased
in both symptomatic and asymptomatic men all over world. In the past
decade, the widespread availability of serum PSAags digital rectal
examination (DRE) and ultrasonography of prostaagehprovided a simple

means of monitoring the progress of P.Ca. The AsaeriCollege of Physicians



guidelines suggest that patients should be refeoradurologist if an abnormality
is noted on DRE or if serum PSA is more than 4 mgfon prostate biopsy?

Since PSA lacks cancer specificity, elevated PSAcentrationsare also
observed in benign prostate diseases. This leadsa thigh number of
false-positive findings in up to 60-80% of prosthtepsies and only 25-30% of
men undergoing a biopsy are diagnosed with P.@zeid—10 ng/mL PSA, “gray
zone”. Moreover it was reported that serum PSAl&eerrelated with prostate
volume and patients’ age in benign prostatic diseaswell as P.Ca° Therefore,
several strategies have been developed to impravednsitivity and specificity
of P.Ca diagnosis.

Using the % f PSA in t-PSA range of 4-10 ng/mL, mppmately 20—-25% of
unnecessary biopsies can be avoided. However atrewta-analysis critically
reflected the use of %f PSA especially within #HiRSA gray zone, where only a
very low %f PSA values truly indicate higher P.@&f Although some studies
partially demonstrated correlations between % f RSé stage or grade, an
individual prediction of organ-confined (<T3a) amaggressive disease (Gleason
score<7) is not possible to use % f PSA in othedyst

Because of the limitations of t-PSA and % f PSAthe diagnosis of P.Ca,
investigators have searched for a new effectivenbitier of P.Ca such as human

glandular kallikrein (hK2), hK2/free PSA, free PSAPSA x hK2) ratios,



complex PSA, prostate-specific acid phosphatas@l®%nd ceruloplasmiti!
HMGB1 was first described in 1973 on the basis letteophoretic separation
properties of chromatin-associated proteins. k igrotein of approximately 30
kDa and is the major component of the non-histonelear protein group. It
functions as a transcriptional regulator and isemtly focused as a late
inflammatory mediator. The major receptor of HMGiBtludes the receptor for
advanced glycation end products (RAGE). The comatoh of HMGBL1 in
blood is increased in many diseases including eganlceumatoid arthritis, acute
lung injury, and disseminated intravascular coaiprd?

Some studies have investigated RAGE and HMGB1 RIpression which
was the ligand of RAGE, and advanced glycation prutlucts (AGE)-RAGE
function in P.Ca cells. It was also discovered thate were different expression
patterns of RAGE and HMGB1 mRNA among untreatedanary P.Ca tissue,
BPH, and hormone-treated P.Eaost studies on HMGB1 and P.Ca interaction
have focused on RNA molecular levels with practidéficulty of clinical
usefulness.

The aim of this study was to evaluate the clinioakfulness of serum
t-PSA, % f PSA and HMGBL1 levels using ELISA in tdegnosis of P.Ca

patients.



[I. MATERIALSAND METHODS

1. Patients and samples

Twenty-nine of BPH patients (mean age, 71 yr; ra68e84 yr), 34 P.Ca
patients (mean age, 70 yr; range 55-86 yr) andd2tal healthy donors (mean
age, 54.3 yr; range 46-66 yr) were enrolled. Plaspecimens were collected
from December 1, 2006 to October 24, 2007 at Yohk@versity Severance
Hospital.

Twenty-nine of BPH patients were classified intorhone-treated group (HTX,
15 patients) and untreated groups (No HTX, 14 ptHjeA total of 34 P.Ca patients
were also classified into the HTx (16 patients) AlodHTx groups (18 patients).
Underlying diseases such as infectious diseaser otflammatory disease, and
other combined neoplastic conditions were excluded.

Hormone treatment for P.Ca included gonadotropifeastng hormone
(GnRH) agonist and oral anti-androgens allowing tfeg prompt blockade of
androgen action on P.Ca during GnRH agonist usecolmtrast with P.Ca,
hormone treatment for BPH was 5alpha-reductasebiions suppressing

dihydrotestosterone (DHT).



Table 1. Characterization of specimens enrolled

Group Subgroup Number of patients
BPH HTx 15
No HTx 14
P.Ca HTx 16
No HTx 18
Control 21
Total 84

2. Measurement of t-PSA, f- PSA and HM GB1

The t-PSA and f- PSA were measured by electrocleniiescence
immunoassay using the E 170 module for Modular yticd (Roche Diagnostics,
Basel, Switzerland) and Elecsys total and free P®Agent kit (Roche
Diagnostics, Indianapolis).

Quantitative HMGB1 assay employed a 2-step sand®id8A with HMGB1
Kit (Shino-test, Kanagawa, Japan). A polyclonaliotty specific for HMGB1
was briefly precoated onto the walls of the midentstrips. A total of 10QL of
each standard dilution (pig HMGBL1), positive coh{mig HMGB1) and patient
samples 100uL were added to each wells. HMGB1 in samples binded

specifically to the immobilized antibody. The pktevere sealed with a thin



adhesive-coated plastic sheet and incubated f@426r at 37 °C. The unbound
antibodies were removed by washing 5 times with B&S8aining 0.05% Tween
20 (washing buffer). After washing, 100L/well of anti-human HMGB1
peroxidase-conjugated monoclonal antibody was adaded the plate was
incubated at room temperature for 2 hr. Then 2rcoleagent
(3,3,5,5-tetra-methylbenzidine andouffer containing additive 0.005mol/L
hydrogen peroxide) of substrate solution were addegiach well. The enzyme
reaction proceed for 30 min at room temperaturee Thromogenic substrate
reaction was stopped by the addition of stop smhu{D.35 mol/L sulfuric acid)
and the absorbance was read at 450 nm within 60 Thi@ assay range for the
HMGB1 ELISA was 2.5-80 ng/mL. The sensitivity obtELISA method was 1

ng/mL and cross-reaction with HMGB2 was below 2% pecificity.

3. Statigtical analysis

Data were expressed as median value and differdmmte®en groups were
assessed for statistical significance using<thiskal-Wallis statistic of
non-parametric metho@ P-value less than 0.05 denoted a statistically it

difference.



[11. RESULTS

1. Comparisons of median values of t-PSA, % f PSA and HMGB1 among
P.Ca group, BPH group and healthy control group

The median value of the t-PSA, % f PSA and HMGB1haf BPH, P.Ca and
healthy control groups are shown in Table 2. HMGR4s not significantly
different (P=0.1938) among the 3 groups compared but t-PSAaMEPSA were

significantly different P<0.0001).

Table 2. Comparisons of median values of serum t-PSA, %SA Rnd

HMGB1 among P.Ca group, BPH and healthy controligso

Number of t-PSA % f PSA HMGB1
patients (ng/mL) (ng/mL)
BPH 29 7.31 16.0 6.086
P.Ca 34 18.76 104 6.390
Healthy control 21 0.94 27.1 7.818
P-value <0.0001* <0.0001* 0.1938

*Significant difference P<0.05).
T-PSA, total PSA; % f PSA, free PSA to t-PSA ratitMGB1, high mobility group

box protein 1.

10



2. Comparisons of t-PSA, % f PSA and HMGB1 among hormone treated and
untreated group of BPH and P.Ca

The median value of the t-PSA, % f PSA and HMGB1 Hfx-BPH,
HTx-P.Ca and healthy control groups were evaluatedl compared (Table 3).
HMGB1 was not significantly differenf&0.2050) but t-PSA and % f PSA were

significantly different P<0.0001) among the 3 groups.

Table 3. Comparisons of median values of serum t-PSA, %cARNd HMGB1

among HTx-BPH, HTx- P.Ca and healthy control groups

Number of t-PSA % f PSA HMGB1

patients (ng/mL) (ng/mL)
HTx-BPH 15 6.380 15.0 6.086
HTx-P.Ca 16 7.695 12.2 6.260
Healthy control 21 0.94 27.1 7.818
P-value <0.0001* <0.0001* 0.2050

*Significant difference P<0.05).
T-PSA, total PSA; % f PSA, free PSA to t-PSA ratitMGB1, high mobility group

box protein 1

11



The median value of the t-PSA, % f PSA and HMGBthe No HTx-BPH,
No HTx-P.Ca and healthy control groups were evalliaind also compared
(Table 4). HMGB1 was not significantly differerR<0.2415) but t-PSA and % f

PSA were significantly differen0.0001) among 3 groups.

Table 4. Comparisons of median values of serum t-PSA, %A Bsd HMGB1

among No HTx-BPH, No HTx-P.Ca and healthy controlugs

Number of t-PSA % f PSA HMGB1

patients (ng/mL) (ng/mL)
No HTx-BPH 14 7.595 17.2 6.433
No HTx-P.Ca 18 29.465 9.2 6.649
Healthy control 21 0.94 27.1 7.818
P-value <0.0001* <0.0001* 0.2415

*Significant difference P<0.05).
T-PSA, total PSA; % f PSA, free PSA to t-PSA ratitMGB1, high mobility group

box protein 1.

3. Comparisons of median values of t-PSA, % f PSA and HM GB1 in Gleason

score<?7 and Gleason score>8 among No-Htx BPH, P.Ca and healthy control

12



groups
The No HTx-P.Ca group with Gleason scofet-PSA P=0.0622) and % f
PSA (P=0.0507) did not show significant differences frahe No HTx-BPH
group but there were significant differences in itSA @<0.05) and % f PSA
(P<0.05) between the No HTx-P.Ca (Gleason sefrand healthy control group

(Table 5).

13



Table 5. Comparisons of median values of serum t-PSA, %cARNd HMGB1

among No HTx-P.Ca, No HTx-BPH group and healthytairgroups at Gleason

score’
t-PSA(ng/mL) % f PSA HMGB1ng/mL)
Difference Difference Difference
2-tailed 2-tailed 2-tailed
between between between
p p p
median median median
No HTx - BPH 14 -7.90 0.0622 6.927 0.0507 0.519 0.7791
vs NoHTx-P.Ca vs6
No HTx - P.Ca 6 15.682 0.0002 -17.158 0.0002 -1.688 0.4309
vs Healthy control vs 21
Healthy control 21 -6.515 <0.0001 10.892 0.0047 1.905 0.1213

vs NoHTx-BPH vsl14

*Significant difference P<0.05).

T-PSA, total PSA; % f PSA, free PSA to t-PSA rattViGB1, high mobility group box protein 1.

14



In the No HTx-P.Ca with Gleason sce8 t-PSA significantly increased by
63.28 ng/mL median differenc®£0.0013) and % f PSA significantly decreased
by 9.692% median differenc®<£0.0176) from the No HTx-BPH group. There
were also significant differences of t-PSA increhdy 74.992 ng/mL median
difference P=0.0018) and % f PSA decreased by 20.581 % medfterethce
(P=0.0019) between the No HTx-P.Ca (Gleason s&)rend healthy control
group (Table 6).

Concerning the level of HMGB1, there were no stiat$ significance

(P>0.05; from 0.1213 to 0.7791) in all of the comparis.

15



Table 6. Comparisons of median values of serum t-PSA, %oARNnd HMGB1

among No HTx-P.Ca group, No HTX-BPH and healthytmargroup with Gleason

score8
t-PSA(ng/mL) % f PSA HMGBI1ng/mL)
Difference Difference Difference
2-tailed 2-tailed 2-tailed
between between between
p p p
median median median
No HTx - BPH 14 -63.280 0.0013 9.692 0.0176 -3.160 0.1575
vs NoHTx-PCa vs4
No HTx - P.Ca 4 74.992 0.0018 -20.581 0.0019 1.472 0.7109
vs control vs 21
Healthy Control 21 -6.515 <0.0001 10.892 0.0047 1.905 0.1213

vs No HTx-BPH vsi14

*Significant difference P<0.05).

T-PSA, total PSA; % f PSA, free PSA to t-PSA rattviGB1, high mobility group box protein 1.

16



4. Comparisons of median values of t-PSA, % f PSA and HMGB1 among HTx
and No HTx P.Ca groups

In Table 7, HMGBL1 did not show the significant ditnce P=0.4701) that
had been discovered by another study as to mRNA BMe&xpression in HTx
P.Ca cells. However, t-PSA and % f PSA showed aifsignt difference

(P<0.0001) among the 3 groups.

Table 7. Comparisons of median values of t-PSA, % f PSA HMIGB1 among

HTx-P.Ca group, No HTx-P.Ca and healthy controlug

Number of t-PSA % f PSA HMGB1

patients (ng/mL) (ng/mL)
HTx — P.Ca 16 7.695 12.2 6.260
No HTx - P.Ca 18 29.465 9.2 6.649
Healthy Control 21 0.94 27.1 7.818
P-value <0.0001 <0.0001 0.4701

*Significant difference P<0.05).
T-PSA, total PSA; % f PSA, free PSA to t-PSA ratitlGB1, high mobility group

box protein 1.

17



V. DISCUSSION

Within the past few years, many studies have prdtienadditional value of
the new biomarkers of P.Ca to enhance the discaition between P.Ca and
BPH.™A number of various biochemical marker have beedist for P.Ca,
such as hK2, hK2/free PSA and free PSA/(t-PSA x)hig®ios, complex PSA,
prostate-specific acid phosphatase, P501S, antbpesmin®**

HMGBL1 has been studied as a cytokine mediator a&sdowith inflammatory
diseases but it has recently been evaluated aw @ffiective marker for various
cancers. HMGBL1 is the major component of the natehie nuclear protein
group and is known to be a transcriptional regulalbacts on the specific
receptor RAGE and induces prolonged inflammatiogano failure, septicemia
and deattt® Since its identification one-third of a centuryoaghe HMGB1
protein has been linked to various cellular proesssncluding release from
necrotic cells and secretion by activated macropbamgulfing apoptotic cells.
In the years since its discovery, HMGB1 has alsenbinplicated in disease
states, including Alzheimer’s disease, sepsis gista-reperfusion, arthritis, and
cancer. In cancer, overexpression of HMGBL1, pasityin conjunction with its
receptor for advanced glycation end products, hesnbassociated with the
proliferation and metastasis of many tumor typesluding breast, colon,

melanomd. Targeting the HMGB1 ligand or its receptor représem important

18



potential application in cancer therapeutics, gitemwidespread overexpression,
as well as that of its receptor in virtually evémynor type carefully examined.

Initially it was hypothesized that increased RAGEMEB1 activity was
elevated in all cancers, but recent studies haweafted that this increase is not
always the cas®.With confirmation of increased HMGB1 levels in rhdsmor
cells, studies were done to determine whetherregan tumor samples when
compared with those found in normal cells.

In this study, serum HMGB1PE0.1938) did not show a significant difference
but serum t-PSAR<0.0001) and % f PSAPK0.0001) did (Table 2). When a
physician decides to proceed with HTx to high P&&ignt with deferring the
invasive biopsy procedure, HMGB1 could not avoid mwvasive biopsy
procedure nor provide a new possibility as a P.@eker.

Other studies reported that in cases of P.Cagis ot increase HMGBL levels
and only androgen deprivation hormone therapy dstewith HMGB1 and
induce HMGBL1 level rise only in P.Ca tissue but m®BPH, normal tissue.
Primary cultured human prostatic stromal cellsriiti secrete HMGB1; however,
HMGB1 secretion was induced by androgen deprivatignthe luteinizing
hormone-releasing hormone therapy, resulted incpaminteraction between
cancer and stromal cells through RAGE-HMGBL1 intBoacin patients with

advanced P.CX. HMGB1-RAGE interactions have been examined in s#ve

19



P.Ca cell lines, in hormone-refractory P.Ca tissaesl normal prostatic tissues.
HMGB1 mRNA was expressed in all 3 cell linlem a hormone-independent
P.Ca cell line expressing the highest level of RAGENA. Untreated prostate
carcinomas and hormone refractory prostate carasamturn expressed higher
RAGE and HMGB1 mRNA levels than normal prostatéisisue*?

But in our study, Table 7 implicated that HMGE2=0.4701)did not increase
in the HTx P.Ca compared with the No HTx P.Ca grolgble 3 showed that
HMGB1 (P=0.2050) had difficulty in differentiating P.Ca from BPH ipatient
followed up with HTx due to high serum PSA leveBnly t-PSA(P<0.0001)
and % f PSAP<0.0001)turned this impossibility into a possibilitg this study
and Table 4 showed that HMGB1P£0.2415) was unacceptable to screening
biomarkers for P.Ca rather than t-P32(0.0001) and %f PSAP<0.0001) in No
HTX groups.

In other investigations, expression of HMGB1 andG¥Ain prostatectomy
specimens from 40 patients with pT3 P.Ca includbgh metastasis and
non-metastasis, preoperatively treated with Ilutéiigi hormone—releasing
hormone agonist, was increased in metastatic dasesot in non-metastatic
cases. The majority of metastatic cases showedpcegsion of RAGE and
HMGB1 in tumor cells and stromal celis?%

Table 6 showed that t-PS&R£0.0013) and % f PSAPE0.0176) could be used

20



to differentiate P.Ca from BPH in Gleason se@eAnd table 5 showed that t
-PSA (P=0.0622) and % f PSAPE0.0507) had a trend (almoBx0.05) to
differentiate P.Ca from BPH in Gleason scoreWhen compared with the
control group, t-PSAR<0.05) and % f PSAR<0.05) can be used in all P.Ca
patients without regard to Gleason score. But HMEB0.05) could not used to
differentiate P.Ca from BPH both in Gleason se@randGleason Scokes.

Serum total PSA has been the most useful predaftét.C&® and % f PSA
could enhance the specificity of differentiatin@€®.from BPH, through a lot of
studies based on a significant number of MéhHowever, the total P.Ca and
BPH patients in this study was 63 patients and phisent number may be too
insufficient to demonstrate the significant diffiece statistically. The lack of
patient number in this study may cause the talbesBlt, slightly above or below
the level ofP<0.05. In this reason, this study need to be régthewith more
patients to show the significant difference of %0 f PSA and HMGBL1 in
differentiation of P.Ca patients from BPH patiemtghout regard to Gleason

score.
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V. CONCLUSION

Although mRNA level of HMGBL1 could be increased fnCa treated with
androgen-deprived hormonal treatment or metastasism HMGB1 could not
increased in P.Ca patients who had neither andratgprivation hormonal
treatment nor Gleason scef And serum HMGB1 couldn’t differentiate P.Ca

patients with BPH.
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ABSTRACT (IN KOREAN)
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