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A novel serum 21 kDa haptoglobin-related protein 
(Hpr) was investigated in patients with malignant 
lymphoma, to evaluate its correlation with clinical 
and histologic features at presentation and its pos- 
sible role as a tumor marker for patient outcome. 
One hundred fifty eight serum samples were taken 
from 88 patients with non-Hodgkin's lymphoma 
(n=58) and Hodgkin's disease (n=30) at presenta- 
tion and in the course of follow-up. Sera from 61 
healthy volunteers served as normal controls. 
Serum Hpr levels in the lymphoma patients (medi- 
an 430x103 u/ml, range 0-4000x103) were significant- 
ly higher than in the control group (median 68x103 
u/ml, range 0-180x103) (p=0.0001). Higher median 
Hpr values were detected in patients with advan- 
ced disease (p=0.013), "B" symptoms (p--0.029) and 
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in males (p=0.053). There was also a significant cor- 
relation between Hpr and erythrocyte sedimenta- 
tion rate (p=0.028). Serial determinations showed a 
significant decrease of the initial Hpr values obta- 
ined after treatment in 41 patients, 38 of whom 
achieved complete remission. In the follow-up pe- 
riod additional Hpr measurements were taken from 
17 patients. Three of them eventually relapsed, and 
showed increased Hpr levels at the time of relapse. 
Hpr levels remained low in 11 of 14 patients who 
maintained complete remission, and increased in 
three. In conclusion, serum Hpr is a new serum 
tumor marker of potential use in the clinical setting 
of lymphoma. (Pathology O n c o l o g y  Research Vol 4, 
N o  4, 271-276, 1998) 

ELISA, lymphoma 

Introduction 

The outlook for lymphoma patients is heterogeneous. 
Although a substantial proportion of patients achieves 
complete remission, some of them may either do not 
response to treatment or experience relapse. The evalua- 
tion of the effectiveness of  induction therapy is important, 
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as well as early detection of  relapse, since proper first and 
second line treatments can lead to cure or can have a sig- 
nificant impact on the course of disease. In this respect, 
laboratory evaluation may serve as additional tool for the 
clinical assessment of patients. However, the biochemical 
monitoring of lymphoma poses many problems due to the 
lack of any specific markers. Serum concentration of lac- 
tate dehydrogenase (LDH) and ~2 microglobulin, as well 
as various cytokins, has been claimed to be associated 
with adverse disease features and to have prognostic sig- 
nificance. 1-3 Longitudinal studies have demonstrated that 
they might be used for monitoring response to treatment 
and detection of relapse. Yet, their utility in the clinical 
setting of lymphoma is limited. 

We have detected a novel 21 kDa protein in sera of 
patients by enzyme-linked immunosorbent assay (ELISA), 
using polyclonal anti-p21 antibodies. While only 4.6% of 
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the healthy donors showed p21 serum levels higher than 
their mean + 33 to 80% of the 94 cancer patients with var- 
ious tumors exceeded this value and were considered pos- 
itive in the ELISA test. In particular, patients with malig- 
nant lymphoma, urogenital and gastrointestinal tumors 
had a 2.8- to ninefold increase in p21 serum levels. 4 
Western blots of haptoglobin-hemoglobin complexes, iso- 
lated from representative sera of these patients, immunore- 
active with anti-haptoglobin antibodies revealed a novel 
haptoglobin (Hp) complex which does not bind hemoglo- 
bin. Using high-resolution two-dimensional electrophore- 
sis, it was demonstrated that this Hp-related protein (Hpr) 
contained an at chain which has the same molecular weight 
as normal a2 chains - 21kDa, but with a more basic pIJ 
These findings are in accord with the amino acid sequence 
deduced from Hpr cDNA sequence previously described 
by Tabak et alp 

The Hp locus is located on chromosome 16. 2.2 kb 
downstream of the Hp gene another gene, Hp-related, was 
described] In the hypothetical coding region of Hp-relat- 
ed gene, the major difference from Hp is to be noted in the 
first intron, which contains remnants of a retrovirus-like 
element] Nuclear run-on experiments have shown that 
Hp-related gene is not transcribed in either fetal or adult 
liver, s Tabak et al has recently shown that the Hp-related 
gene is expressed in tumor cells. 6 Microsequencing of the 
21kDa band isolated from ascites fluid of a colon cancer 
patient revealed two peptides, Hp and Hp-related at chains, 
comigrating on first dimension SDS-PAGE. The N-termi- 
nal amino acid sequence of Hp-related cz chain, detected 
only after CnBr cleavage, 5 coincided with the amino acid 
sequence deduced from the Hp-related cDNA sequences 
previously determined by Tabak et al. 6 

In the current study, we have extended our work on 
lymphoma patients, and examined the correlation between 
serum Hpr levels and clinico-pathologic features at pre- 
sentation, as well as response to treatment and follow-up 
of patients. 

Materials and Methods 

Patients and sera 

One hundred fifty eight samples were taken from 88 
patients with non-Hodgkin's lymphoma (NHL) (n=58) and 
Hodgkin's disease (HD) (n=30) at presentation and in the 
course of follow-up, between 1992 and 1994. Patients' pre- 
treatment characteristics are summarized in Table 1. Forty- 
two (48%) were males and 46 (52%) were females, with a 
median age of 48 years (range, 18-87 years). Thirty-six 
(41%) patients had bulky disease (10 cm, or mediastinal 
lymphadenopathy > 1/3 maximal width of chest), 26 (30%) 
had systemic symptoms and 34 (39%) had extra-nodal 
involvement. All patients were staged according to the Ann- 

Arbor staging system. 9 To determine the extent of disease 
each patient underwent a complete history and physical 
examination, routine laboratory tests, imaging procedures 
(computed tomography of chest, abdomen and pelvis, and 
whole-body gallium scan) and bone-marrow biopsy. Forty- 
one (47%) of the patients had advanced stage III-IV disease 
at presentation. Histopathologic grading of NHL patients 
and classification to low-grade versus aggressive intermedi- 
ate and high-grade lymphoma was done using the criteria of 
the International Working Formulation. 1~ Seventy-six per- 
cent of NHL patients had aggressive subtypes of disease. 
Treatment varied according to type of disease and stage. 
The treatment of HD patients was based mainly on the 
hybrid combination of mechlorethamine, vincristine, pro- 
carbazine, prednisone and doxorubicin, bleomycin and vin- 
blastine, with or without irradiation. Cyclophosphamide, 
doxorubicin, vincristine and prednisone (CHOP) or CHOP- 
like regimens were used for patients with aggressive NHL, 
while those having low-grade NHL received single agent or 
various chemotherapy regimens. Complete response (CR) 
was defined as disappearance of all clinical evidence of 
active disease. Patients achieving less than CR were con- 
sidered non-responders. Serum samples from 61 healthy 

Table 1. Clinical features of 88 patients with lymphoma 

Patients 

No. % 

Disease 
Hodgkin's 30 
Non-Hodgkin's 58 

Age 
Median 
Range 

Sex 
Male 42 
Female 46 

Stage 
I 18 
II 29 
III 14 
IV 27 

"E" Site 
Yes 34 
No 54 

B Symptoms 
Yes 26 
No 62 

Size 
Bulky 36 
Non-Bulky 52 

48 
18-87 

34 
66 

48 
52 

20 
33 
16 
31 

39 
61 

30 
70 

41 
59 
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normal volunteers similar for age (median age 43 years, 
range 20-87) and sex (43% males and 57% females) were 
collected over a similar period of time. Sera were stored at 
-20~ until used. Just before the assay, sera were heated 30 
minutes at 56~ to inactivate complement and a serum 
interference factor. 

Anti-p21 polycIonal antibodies 

Anti-p21 polyclonal antibodies (pAb) were produced 
by immunization of rabbits using p21 protein (Hp-related 

chain) isolated from cancer patients by SDS-polysacry- 
lamide electrophoresis under reducing conditions, u Anti- 
p21 pAb were shown to be immunoreactive with recombi- 
nant Hp-related o~ chain (Shalitin et al, data not shown). 

ELISA method 

Polyvinyl microtiter plates (Costar) were coated with 
200 pl/well anti-Hpr antiserum as capture antibodies (at a 
1000-fold dilution in PBS pH 7.4 containing 2% (wt/vol) 
nonfat dry milk (Cadbury's Marvel) at 4~ overnight. 
Plates were washed three times with TBST (200 lal/well) 
(50mM Tris-HC1 pH 8.0, 150 mM NaC1 containing 0.05% 
Tween 20) and the excess detergent was removed by fur- 
ther washing the plates with TBS (200 pl/well) (50mM 
Tris-HCL pH 8.0, 150 mM NaC1) three additional times. 
Normal and cancer patients' sera were serially diluted 
(1/2000-1/10,000) with carbonate buffer (25 mM Na2CO3, 
55 mM NaHCO3. pH 9.6, containing 1 mM PMSF) and 
incubated overnight at 4~ Plates were washed twice with 
phosphate buffered saline (pH 7.4). Plates were coated for 
90 minutes at room temperature with PBS containing 3% 
(wt/vol) nonfat dry milk (Cadbury's Marvel). Antigen 
capture plates were incubated 60 minutes at 37~ with 100 
pl/well of anti-p21 pAb at 1/1000 dilution in PBS contain- 
ing 3% (wt/vol) nonfat dry milk. Then the plates were 
washed three times with TBST (200 ~al/well). Antigen- 
antibody complexes were detected by incubation with 
biotinylated goat anti-rabbit IgG (from Sigma) (1/1000 in 
TBST) for 30 minutes at room temperature. The plates 
were washed three times with TBST. Finally, ExtrAvidin 
Peroxidase (from Sigma) 1/500 in TBST was added for 30 
minutes at room temperature and the plates were washed 
three times with TBS. The solid phase bound enzyme was 
detected using a chromogenic substrate (100 ~l/well) con- 
taining 0.05% o-phenylenediamine and 0.05% hydrogen 
peroxide in 0.1M phosphate citrate buffer pH 5.0. After 
10-30 minutes, the reaction was stopped by the addition of 
50 lal of 2N H2SO4 and color yield was assessed at 492 nm 
using an Anthos Labtech 2001 reader. Negative controls 
included buffer instead of sera to measure nonspecific 
binding of avidin-biotinylated peroxidase complex which 
yielded a reading of 0.1-0.2 A492. Serum Hpr values were 

calculated from a linear calibration curve obtained from a 
positive serum sample yielding a reading of 0.8-0.9 A492 
for 100 arbitrary units of Hpr per ml at a dilution of 
1/10,000. 

Statistical Analysis 

Results are reported as median Hpr serum levels. 
Differences between groups of patients were compared 
using Wilcoxon 2-sample test. The Wilcoxon sign-rank 
test for paired observations was used to analyze Hpr val- 
ues in different disease phases. Correlations were calculat- 
ed using the Spearman rank-sum correlation coefficient. 
Survival analysis was performed using the log-rank test. 

Results 

Pretreatment sera 

As shown in Figure 1, patients with lymphoma had sig- 
nificantly higher Hpr concentrations (median, 430x103 
u/ml; range, 0 to 4000x 103) than normal controls (median, 
68x103 u/ml; range, 0 to 180x103; p=0.0001). We examined 
the Hpr levels of patients within various prognostic cate- 
gories (Table 2). Significantly higher median Hpr values 
were detected in patients with stages II to VI (stage II-VI 
vs stage I, 565 vs 225x103 u/ml, p=0.012), in patients with 
"B" symptoms ( "B" vs "~', 600 vs 275x103 u/ml, 
p=0.029) and in male patients (males vs females, 610 vs 
395x103 u/ml, p=0.053). Hpr levels did not correlate with 
size of disease, although a trend towards more elevated val- 
ues was observed in patients with bulky disease (median, 
577x103 u/ml) compared with non-bulky disease (median 
330x103 u/ml, p=0.086). Serum Hpr levels were not signif- 
icantly different between patients aged under or over 60 
years, in patients with or without extranodal involvement 
and in the various histologic subtypes, whether HD vs NHL 
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Figure I. Serum haptoglobin-related protein in untreated pati- 
ents with lymphoma (n=88) and in healthy controls (n=61). 
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Table 2. Hpr levels and disease characteristics 

No. of Hpr (u/ml x 10 -3) 
Category 

Patients Median Range 

Stage 
I 18 225 26--1520 0.012 
II-IV 70 565 0--4000 

B-symptoms 
Absent 62 275 0-3600 0.029 
Present 26 600 155--4000 

Sex 
Female 46 395 0-3025 0.053 
Male 42 610 40--4000 

Size 
Non-bulky 52 330 0--4000 0.086 
Bulky 36 577 60-3600 

E-site 
No 54 517 0--4000 0.31 
Yes 34 395 26--3100 

Disease 
Hodgkin's 30 615 40-3600 0.35 
Non-Hodgkin's  58 410 0--4000 

Age 
< median 44 330 40--4000 0.71 
> median 44 552 0-3100 

months from end of treatment, and showed a significant 
decrease as compared to Hpr levels at presentation (230 vs 
430x103 u/ml, p=0.0001) (Figure 2). In the follow-up peri- 
od, additional Hpr determinations were performed for 17 of 
41 patients. Out of 14 patients who maintained the CR, the 
level of Hpr remained decreased in 11, and increased in 3, 
without evidence of recurrent at the time of evaluation. 
Three patients eventually progressed, 2 from CR and one 
from partial response. Figure 3. shows longitudinal studies 
of  these 3 patients and a fourth patient described below. 
Cases 1 and 2 represent patients with aggressive NHL who 
were treated with CHOP chemotherapy and achieved CR, 
but had a relapse few months later. Hpr values appear to 
reflect the state of  disease. Case 3 is an example of patient 
with low-grade lymphoma who slowly and partially res- 
ponded to chlorambucil and steroid therapy, and then 
escaped. This was quite well mirrored by the decreasing 
and increased values of Hpr. Case 4 is a patient with ad- 
vanced HD who refused to receive any treatment and con- 
tinued steadily to progress. The Hpr serum level continued 
to increase during disease progression. 

Discussion 

or low-grade vs aggressive NHL. Pretreatment Erythrocyte 
Sedimentation Rate (ESR) values were available in 66 
patients. ESR and Hpr levels in these patients showed a sig- 
nificant correlation (p=0.028). Seventy-three patients had a 
serum LDH level determined at the time of serum collec- 
tion for the Hpr assay. No correlation was found between 
LDH and Hpr levels. We also analyzed Hpr levels accord- 
ing to treatment results in 71 patients who were evaluable 
for response. The difference between the median Hpr value 
observed in patients who either failed to achieve CR or sub- 
sequently relapsed (480x103 u/ml; range 60 to 3100x103) 4000- 
and that of patients who obtained a persistent CR (Median, 
345x103 u/ml; range O to 4000x103) was not statistically "= 
significant. Univariate analysis demonstrated that few fac- ~ = ,-. 3000 
tors had a significant effect on survival: tumor size ~ 
(p=0.0006), age (p=0.015), systemic symptoms (p=0.02) ~ ~ 2000 
and stage of disease (p=0.03). Pretreatment level of Hpr did .fi~ 
not affect survival, neither sex, extranodal involvement , v 1000 
ESR and LDH levels. 

0 Post-treatment sera 

Forty-one of  88 patients were monitored for Hpr levels 
�9 after treatment, 38 of whom achieved CR. Their initial 
post-treatment Hpr values were obtained at a median of 4 

Measuring Hpr levels in sera of lymphoma patients, we 
found that pretreatment values were high and in correla- 
tion with several prognostic factors. Hpr levels were also 
correlated with treatment results, as they decreased after 
successful therapy and increased again on relapse. This 
suggests that Hpr in the serum of patients with HD and 
NHL is released by the neoplastic ceils. Previous investi- 
gators have examined the levels of acute phase proteins 
(APP), including Hp, which are commonly elevated in 
cancer patients. APP are the products of the acute phase 
response, which is an indication of the immune status of 
the host as well as tumor extent and activity. The degree of 
rise of Hp appears to correlate with the extent and activity 
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Figure 2. Serum haptoglobin-related protein in 41 patients 
with lymphoma evaluated before and after treatment. 
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of various tumors. ~2 Hp level was found to be a significant 
prognostic factor of survival in patients with renal cell car- 
cinoma, '3 lung cancer la and recurrent rectal carcinoma, is 
using univariate analysis. However, when multivariate 
Cox analysis was performed Hp was not identified as an 
independent prognostic factor. Onizuka et al found Hp to 
be positively associated with survival in patients with uter- 
ine cervical carcinoma undergoing radiotherapy, by multi- 
variate regression analysis. ,6 Conflicting data exist regard- 
ing Hp in patients with lymphoma. Shah et al found a sig- 
nificant elevation of Hp level in the active disease, as com- 
pared to remission, in patients with NHL. 17 Hp had a sig- 
nificant relationship to survival in patients with indolent 
and aggressive lymphoma, using univariate analysis, but 
not in multivariate analysis. TM In a group of patients with 
low-grade lymphoma Hp could not predict the symptom- 
free period] 9 Desai et al undertook a large study to assess 
the relationship of Hp levels with different stages of 
malignant lymphoma and also to see the effect of treat- 
ment on the Hp level. Hp level was found to increase 2-3 
fold in 176 patients with NHL and HD as compared to 
controls, and there was a continuous rise in Hp level as the 
stage advanced. Significant reduction in Hp level was 
observed when the disease regressed due to chemotherapy 
but it again increased with the relapse of disease. 2~ Since 
the above methods used for the quantitative determination 
o'f Hp did not specifically assay the Hpr, the pretreatment 
levels were increased 2-3 fold as compared with a six fold 
increase in the median serum Hpr level compared to the 
control group described in this report. 

A few studies have shown Hpr to be implicated as a 
tumor marker. Oh et a121 identified in malignant ascites 
derived from ovarian and lung cancer patients an immuno- 
suppressive substance which they called suppressive E- 
receptor-like factor (SER). SER represents a variant of Hp 
which does not bind Hb. 21 Serum levels of SER before and 
after treatment were measured using SER specific mAb in 
patients with renal cell carcinoma receiving autolympho- 
cyte therapy (ALT). Pretreatment levels elevated above 
normal or increases over the pretreatment levels during the 
course of therapy were associated with disease progres- 
sion. Low levels of SER prior to treatment or decreased to 
below normal levels following therapy were associated 
with positive response to ALT. ~2 Using antibodies generat- 
ed against a synthetic peptide, corresponding to the 34 N- 
terminal residues of the hypothetical Hp-related gene 
product, for immunohistochemical analysis of paraffin- 
embedded tissue, Kuhajda et a122 found that nearly 30% of 
early breast cancer express proteins bearing Hp-related 
epitopes. These Hpr positive breast cancers were more 
likely to recur after primary resection and were associated 
with shorter disease-free intervals. 22'23 The prognostic 
value of Hpr was also evaluated in patients with prostate 
cancer. Tissue samples of prostate carcinoma were exam- 
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Figure 3. Time-course analysis of  serum haptoglobin-related 
protein in 4 patients according to clinical phases of  disease. CR 
= complete response; PR = partial response; PROG = progres- 
sion; REL = relapse; S-REL = suspected relapse. 

ined for the Hpr designated Oncogenic Antigen OA-519. 
Its expression correlated with higher tumor grade, larger 
tumors and advanced stage. 24 However, the antibodies 
used by Kuhajda et al specifically detected OA-519 as 
fatty acid synthaseY Our previous data have shown for the 
first time that Hpr containing a totally different chain is in 
fact a tumor antigen. Tabak et al have recently shown that 
the Hp-related gene is expressed in the human hepatoma 
G2 and leukemia molt-4 cell lines, and have cloned and 
sequenced the cDNA of the Hp-related gene. It was 
observed that the 140 amino acid polypeptide representing 
the Hp-related chain is totally different from the normal 
Hp chain at the N-terminus. The deduced amino acid 
sequence of Hp-related cDNA exhibited only 63% identi- 
ty to the human Hp IF chain. 6 The amino acid sequence 
deduced from this Hp-related cDNA coincided with the 
internal amino acid sequence near the N-terminus of the 
21 kDa protein isolated from ascites fluid of a colon carci- 
noma patient. 5 The sequences of Hp and Hpr are highly 
homologous for the 13 chain, with only 16 changes in 245 
amino acids. 

The production of the specific anti-p21 pAb enabled us 
to develop the ELISA test for measuring Hpr levels in 
serum of cancer patients, mad to evaluate its clinical value. 
Increased levels of Hpr were found in the circulation of 
tumor bearing patients. These included patients with 
malignant lymphoma, urogenital, gastrointestinal and tes- 
ticular germ cell tumors. 4'26 We found Hpr levels to be an 
indicator of  response to therapy as well as of progression 
of disease in patients with urogenital t u m o r s ,  eT-a9 In the 
current study we found that pretreatment serum concentra- 
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t ions of Hpr  are markedly  increased in patients with NHL 

and HD as compared  with normal controls,  and that they 

are correlated with several clinical and laboratory charac- 

teristics which may reflect tumor burden, including stage 

of  disease, "B"  symptoms  and ESR. A significant decline 

of  Hpr levels was observed in patients responding to ther- 

apy, while those with increasing levels o f  this protein dur- 

ing fol low-up had a relapse, in most  cases. Higher, though 

not statistically significant, pretreatment  levels of  Hpr 

were observed in patients who failed treatment,  as com- 

pared with those who had no evidence of  disease. Initial 

levels o f  Hpr did not predict  pat ients '  outcome. However ,  

the evaluation of  the prognost ic  value of  Hpr  might  be 

biased by the heterogenei ty  of  cl inico-pathologic features 

and treatment  approaches.  

In conclusion,  Hpr  appears to be a new serum marker  

which might  be useful for monitor ing the clinical course of 

lymphoma.  Hpr determinat ion may provide useful addi- 

tional information to the conventional  initial work-up and 

evaluation of response  and relapse, yet its optimal use 

should be further investigated. Hpr is probably released by 

the lymphoma  cells, as it was shown by our previous 

results to be expressed in various tumor cell lines. 6'3~ 

Determinat ion of  the biological function of  this Hp-relat- 

ed gene product  may  well contribute to the understanding 

of  tumorigenesis .  
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