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A Possible Mechanism for the Erythrocytosis Associated

with Hepatocellular Carcinoma in Man

By ALBERT S. GORDON, Es�fAu. D. ZANJANI AND RALPH ZALUSKY

r�[ HE ASSOCIATION OF ERYTHROCYTOSIS with certain tumor states

in man is well documented. These include diseases of renal origin (renal

adenoma,’ renal cystic disease,1’2 hypernephroma,3’4 hydronephrosis”2),

cerebellar hemangioblastoma,5’#{176} uterine fibromas,7’8 pheochromocvtoma.9 ad-

renal adenoma,1#{176} virilizing ovarian tumors,’1 and hepatomas.’2� In some of

these pathological states, elevated levels of erythropoietin (ESF) have been

detected in the serum, plasma, or urine, and in the affected tissues or encvsted

fluid. Such observations have led to the speculation that increased production

of the ESF by the tumor tissue may be responsible for the development of the

accompanying erythrocytosis.

In attempting to determine the mechanism underlying the production of

increased quantities of the ESF in these tumorous states, a working hypothesis

based on a recently proposed scheme for the biogenesis of the ESF was

employed. This concept envisions the production by the kidney of a principle,

the renal erythropoietic factor (REF), itself erythropoietically inactive and

different antigenically from the ESF,’#{176} which interacts with a serum substrate

to produce the functional circulating ESF.’7”8 The possibility that this mech-

anism was involved in the production of the ESF by the tumor was examined

in a patient with hepatoma associated with erythrocytosis. The occurrence of

elevated levels of plasma ESF in some patients with hepatocellular carcinoma

has been reported.’3”#{176}
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Table 1.-Laboratory Data for Patient L.A.

Flematology

Hemoglobin 21.6 Gm. %
Hematocrit 64%
Red Cell Count 7.9 X 10#{176}/mm.3

Reticulocytes 4.4%

White Cell Count 7500/mm.3

Platelets 376,000/mm.3
Leucocytes alkaline phosphatase Score 75 (normal, 25-100)

Chemistry
BUN 10 mg. %

Blood glucose 56 mg. %

Uric acid 6.3 mg. %
Bilirubin:

Direct 0.8 mg. %
Total 1.8 mg. %

Alkaline phosphatase 80 international units

Lactate dehydrogenase 580 units

Prothrombin time 15/12.5 sec.
Total protein 5.18 Cm. %

Albumin 1.92 Gm. %
0.32 Cm. %

0.69 Gm. %
0.92 Cm. %
1.33 Cm.

CASE REPORT

A 39-year-old Negro male was admitted to the Mount Sinai Hospital for the first time
with a five-week history of right-sided chest pain, cough and hemoptysis. He gave a long

history of excessive alcohol consumption. During an admission to another hospital four

weeks earlier, he was found to have bilateral pulmonary infiltrates which failed to respond

to antibiotics. He was febrile on admission, showed diminished breath sounds over the right

lower lung and the liver was enlarged 3 cm. below the right costal margin. The spleen
was not palpable. Roentgenologic study demonstrated numerous small densities in both

lung fields and fluid at the right base. Thoracentesis yielded bloody fluid which contained

no tumor cells. Intravenous pyelograms and aortogram were negative for renal tumor.

A liver biopsy specimen showed active cirrhosis; however, a scintiscan of this organ using

colloidal Au198 demonstrated markedly diminished uptake over the entire lateral portion
of the right lobe. Pertinent laboratory studies are shown in Table 1.

Over the ensuing two months, the patient required three hospitalizations because of

rapid reaccumulation of pleural fluid and many thoracenteses failed to show tumor cells on
block preparations. Although carcinoma with metastasis remained his clinical diagnosis,

the primary site was not determined. At the end of his second month of illness, he was
readmitted in severe respiratory distress, clinically cyanotic for the first time, and expired

within eight hours.

Throughout his entire illness, he maintained hematocrit levels bebveen 58 and 64 per

cent without accompanying elevation of his platelet or white count. Determination of

the red cell mass was not performed.

Autopsy Findings

The major pathology was found in the liver and lungs. The liver was enlarged to 2850
Cm. and the right lobe almost completely replaced by a tumor mass 18 cm. in diameter.

The remainder of the liver was finely nodular. Macroscopic invasion of the hepatic veins

and inferior vena cava by tumor tissue was evident. Both lungs were studded with firm
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A POSSIBLE MECHANISM FOR THE ERYTHBOCYTOSIS 153

nodules up to 3 cm. in diameter and the medium to small pulmonary arteries contained

tumor emboli. Microscopically, the nontumorous portion of the liver showed thick fibrous

bands coursing from portal tracts to central veins, delimiting parenchymal nodules of
varying size. Bile duct proliferation and cholestasis were present. The tumor consisted of

bizarre anaplastic cells, which in some areas were continuous with parenchymal cords.
In the lung, hepatoma cells were generally arranged in nests and sheets and some were

surrounded by brown, bile-staining material. The kidneys showed glomerular congestion,

but were otherwise unremarkable. The spleen weighed 150 Cm. and contained no foci

of extramedullary hematopoiesis. The bone marrow was moderately cellular and showed
increased erythroid activity.

MATERIALS AND METHODS

1. Preparation of Whole Ti�ue Homogenates

The tumorous and the nontumorous portions of the liver were divided into two parts.

One portion from each tissue was set aside for the extraction of the light-mitochondrial

fraction,17 and the remaining parts were treated as follows: The tissues were frozen over-
night at -20#{176}C. They were cut into smaller pieces while in the frozen state and homogenized

in cold 0.02 M phosphate buffer (pH 7) (2 ml./Gm. tissue) using a Waring blender.

The mixture was frozen, thawed and centrifuged at 10,000 x g. for 20 mm. The super-

natant fluid was filtered through glass wool and refrozen again until used. A portion of

the renal tissue was also subjected to similar procedures.

2. Preparation of Light-Mitochondrial Extract

The remaining portions of the liver, kidney and liver tumor tissue were subjected

separately to the following procedure reported earlier.17’18 The tissue, not permitted to
freeze, was minced and homogenized in 0.25 M sucrose solution (10 ml./Cm. tissue)

in a Potter.-Elvehjem homogenizer. The homogenate was centrifuged at 6300 x g. for 10
mm. and the precipitate discarded. The supernatant was subjected to recentrifugation at

21,000 x g. for 20 mm. The sediment containing the light-mitochondrial fraction was

resuspended by homogenization in cold distilled water (2 mI/Gm. tissue) in the presence

of a drop of detergent, and the mixture frozen for 48 hr. After thawing, the mixture was

centrifuged at 37,000 x g. for 30 mm. and the supernatant (light-mitochondrial extract)
was stored frozen until used.

3. Preparation of EDTA-dialyzed Human Serum

Human serum obtained from a normal healthy subject was dialyzed against 100 volumes

of 0.005 M Na2-EDTA (pH 7) for 24 hr. at 4#{176}C.The material was redialyzed against

deionized water (100 x volumes) for 24 hr. and the dialysand was frozen until used.

4. Incubation Technique

All incuhations were carried out at 37#{176}Cfor one hour in a water bath incubator shaker.

Equal volumes of EDTA-dialyzed serum and the light-mitochondrial extracts were used.

The incubation vessels were left open to the air. In cases where the ability of whole

tissue homogenates to serve as the substrate for the REF was being examined, light-
mitochondrial extracts from hypoxic rat kidneys, with known REF activity, were used in

the incubations. This extract was prepared from the kidneys of rats subjected to 0.42

atmospheres of air for 19 hr. according to the procedure outlined above.

Incubation mixtures prepared to determine the effect of whole tissue homogenates on

the activity of exogenous ESF consisted of 6 ml. of the homogenate and 0.6 IU human
urinary ESF dissolved in 6 ml. saline. These mixtures were also incubated at 37#{176}Cfor

one hour.

5. Bioassay Method

The erythropoietic activity of plasma, as well as all other preparations, was determined

in hypoxia-induced polycythemic mice. Female CF-i mice were exposed to 0.42 atmos-

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/35/2/151/575305/151.pdf by guest on 19 M

ay 2023



154 GORDON, ZANJANI AND ZALUSKY

Table 2.-Effects of Liver, Tumor and Kidney of Patient L.A. on Erythropoiesis

% RBC-�Fe Uptake
Material Tested ± S.E.M.’ IRP Units of ESF

NHS2 alone 1.00 ± 0.30 ND.3

Rat REF4 alone 1.99 ± 0.34 ND.

Human REF (normal) alone 1.63 ± 0.28 ND.

Human REF (L.A.) alone 0.66 ± 0.12 ND.

Plasma of L.A. alone 9.60 ± 1.16 0.13

Rat REF + NHS 9.14 ± 2.37 0.12

Human REF (normal) + NHS 7.01 ± 1.66 0.08

Human REF (L.A.) + NHS 6.53 ± 1.24 0.05

A. Hepatic Erythropoietic Activity

LME3 From Liver (Nontumorous) alone 0.87 ± 0.10 ND.

LME From Liver (Nontumorous) + NHS 1.92 ± 0.46 ND.

Whole Homogenate of Liver (Nontumorous) alone 2.13 ± 0.92 ND.

Whole Homogenate of Liver (Nontumorous) + Rat REF 1.86 ± 0.62 ND.

Whole Homogenate of Liver (Normal Rat) + Rat REF 2.16 ± 0.56 ND.

LME From Liver Tumor Alone 0.66 ± 0.11 ND.

LME From Liver Tumor + NHS 1.72 ± 0.31 ND.

Whole Homogenate of Liver Tumor alone 1.61 ± 0.56 ND.

Whole Homogenate of Liver Tumor + Rat REF 9.87 ± 1.41 0.13

B. Hepatic Inhibition of ESF Activity

0.10 Units of ESF#{176}Alone 10.88 ± 1.12

0.10 Units of ESF + Whole Homogenate of Liver

(Normal Rat) 5.16 ± 1.09 0.04

0.10 Units of ESF + Whole Homogenate of Liver

(Nontumorous, L.A.) 4.33 ± 0.89 0.03

0.10 Units of ESF + Whole Homogenate of Tumor

(L.A.) 11.14 ± 1.93 0.13

1. Standard Error of the Mean.

2. EDTA-Dialyzed Normal Human Serum.
3. Nondetectable Activity.

4. Hypoxic Rat REF.

5. Light-Mitochondrial Extract.

6. International Units of ESF.

pheres of air 19 hr. per day for a total of 219 hr. At least five mice were used to test each
sample. Each mouse in the group received the entire dose of the test material as a single

intraperitoneal injection on day three post hypoxia. In cases where the activity of an

incubation mixture was being determined, the dose consisted of 2 ml. of the incubation

mixture. All other samples were administered as a 1-mi. dose. On day 5 the mice were

given 0.5 �tCi. of radioiron via tail vein, and the per cent red blood cell radioiron in-

corporation values determined 48 hr. later. Results are expressed in terms of per cent

RBC-59Fe incorporation levels and the equivalent units of the International Reference

Preparation (IRP) of ESF.2#{176}

RESULTS

Table 2 indicates the presence of considerable REF activity in the kidneys

of a patient with hepatoma. This activity was equivalent to that generally

detectable in normal human kidneys.’8 In addition, highly significant quantities

of ESF were found in the patient’s plasma-approximately 0.25 IRP units/mi.

Erythropoiesis-stimulating activity was absent in whole homogenates and
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A POSSIBLE MECHANISM FOR THE ERYTHROCYTOSIS 155

in light-mitochondrial extracts of the nontumorous portion of the liver of the

patient. In addition, light-mitochondrial extracts of the nontumorous portion

of the liver failed to generate ESF when incubated with normal human serum.

Moreover, incubation of the whole homogenate of the nontumorous portion of

the liver with rat REF did not engender production of the ESF. These latter

two results are interpreted to mean that nontumorous human liver tissue is

unable to serve as a substrate for the REF, nor can light-mitochondrial extracts

of liver produce the ESF upon incubation with normal serum.

Similarly, no erythropoiesis-stimulating activity was evident in either the

whole homogenate or in extracts of the light-mitochondrial fraction of the

hepatoma. Note in Table 2, however, that although the light-mitochondrial

extract of the liver tumor did not evoke ESF production when incubated with

nornial human serum, incubation of a whole homogenate of the liver tumor

mass with rat REF led to the formation of highly significant quantities of the

ESF. These data indicate therefore that the hepatoma contains substrate for

the REF but possesses no “REF-like” activity.

Of special significance was the finding that whereas incubation of whole

homogenates of nontumorous portions of the liver with human urinary ESF

led to a loss of approximately 70 per cent of ESF activity, addition of a similar

weight of homogenate derived from the liver tumor to the same quantity of

urinary ESF did not result in any inactivation of the hormone.

DIscuSsIoN

The erythrocytosis in this patient with hepatoma was accompanied by an

elevated level of the ESF in his plasma. McFadzean Ct al.19 also reported an

increase in the quantity of ESF in the plasma of three of four patients with

hepatocellular carcinoma and associated erythrocytosis. Although our patient

was terminally cyanotic, this clinical observation was not apparent during the

earlier course of his illness. Assuming, however, that hypoxia-induced ESF

production was the major determinant causing erythrocytosis, this would not

explain the specific finding of elevated substrate activity in only the liver tumor.

Polycythemia vera is reasonably excluded by the absence of elevated platelet

or white cell counts, normal leucocyte alkaline phosphatase activity, and the

finding of a normal spleen at autopsy.

Several possible explanations exist for the increased quantities of ESF in

the plasma and the associated erythrocytosis in this patient. Since the ESF

has been detected in tumor homogenates or cystic fluids in patients with

hypernephroma, cerebellar hemangioblastoma and pheochromocytoma, it is

possible that the tumors in these instances may actually be the sites of ESF

origin. Despite the relatively high levels of ESF present in the plasma of the

presently studied patient, no activity could be detected in the tumor ho-

mogenate. This is in accord with the findings of McFadzean et al.1#{176}who also

reported no ESF activity in tumor homogenates from two of their patients

with hepatocellular carcinoma associated with erythrocytosis. In addition,

neither were light-mitochondrial extracts of the normal portions of liver or

the tumor capable of generating ESF when incubated with normal serum.

Of considerable interest, however, was the ability of the whole tumor homoge-
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nate, but not that of nontumorous liver tissue, to function as an effective sub-

strate for hypoxic rat REF.

It has been demonstrated that the liver may be the site of ESF destruction

in rabbits21 and in rats.22 Of significance in the present study was the finding

that although, as has been reported by others for normal liver,23 incubation

of homogenates of the nontumorous portion of liver with the ESF resulted in

considerable inactivation of the hormone, homogenates of the hepatoma failed

to alter the activity of added ESF. Whether the increased quantity of circulating

ESF partially resulted from a diminished capacity of the diseased liver to

inactivate ESF in vivo cannot be determined.

Experiments are being conducted to determine the nature of the factor( s)

responsible for inactivation of the ESF present in normal liver and absent in

the hepatoma, as well as the identity of the substance in the hepatoma which

appears capable of serving as a substrate for the REF.

SUMMARY

A case of hepatoma associated with erythrocytosis and increased levels of

plasma ESF is described. Normal or tumorous liver tissue from this patient

possessed neither erythropoiesis-stimulating activity nor a capacity to gen-

erate the ESF when incubated with normal human serum. Homogenates of

tumor tissue served effectively as substrate for hypoxic rat REF in the gen-

eration of the ESF. Homogenates of nontumorous liver exhibited no substrate

activity, but inactivated human urinary ESF when incubated with it. Ho-

mogenates of tumorous liver tissue lacked the capacity to inactivate the ESF.

It is suggested that the increased production or availability of substrate for

the REF by the tumor significantly contributed to the increased levels of

plasma ESF in this patient.
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