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Hereditary non-spherocytic hemolytic anemia caused by abnormalities of the 

following glycolytic enzymes of red blood cells has been described: glucose 6- 

phosphate dehydrogenase, 6-phosphogluconate dehydrogenase, hexokinase, phospho- 

hexose isomerase, aldolase, triosephosphate isomerase, g y I ceraldehyde-3-phos- 

phate dehydrogenase, 2,3-diphosphoglycerate mutase, pyruvate kinase and gluta- 

thione reductase (Carson and Frischer; Keitt; Valentine et al.). A hitherto -- 

unreported abnormality of a red cell glycolytic enzyme, phosphoglycerate kinase 

deficiency, resulting in non-spherocytic hemolytic anemia is described. 

Methods 

Activities of red cell glyco’ytic enzymes were measured by the following 

methods: glucose 6-phosphate dehydrogenase and 6-phosphogluconate dehydrogenase 

(Zinkham et al), hexokinase and phosphohexose isomerase (Brewer - 2 et al.), phos- -- 

phohexokinase, aldolase, gtyceraldehyde-3-phosphate dehydrogenase, phospho- 

glycerate kinase and phosphoglyceromutase (Koutras, et al) pyruvate kinase - -’ J 

(Tanaka et al) - -- J triosephosphate isomerase (Schneider et al) - 2 7 enolase (Bock 

et al), glutathione instability (Beutler), -- 2,3-d’phosphoglycerate mutase and 

2,3-diphosphoglycerate content (Schrtlter and Heyden). These determinations 

were performed on the whole red cell population. In addition, determinations 

of # PK and PGK were also made on red cells separated into reticulocyte-rich 

and reticulocyte-poor fractions by a modification of the method of Brewer and 

Powell substituting 3% bovine albumin for plasma. Hemoglobin A2 was quanti- 

tated according to Chernoff. Red cell survival was determined by use of 5’Cr . 

Hematologic data, including osmotic fragility and autohemolysis, were obtained 

according to methods described by Cartwright. 

X.upported in part by a research grant from the National Institutes of 
Health (AM 03803). 

# Abbreviations: PGK-phosphoglycerate kinase, PK=pyruvate kinase, ATP=adenosine 
triphosphate, RBC=red blood cell, WBC=white blood cell. 
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Results 

The patient, a 63-year-old Caucasian female, gave a history of life-long 

anemia documented for the past 20 years. A diagnosis of non-spherocytic 

hemolytic anemia was made 2 years ago at another hospital on the basis of the 

following findings: normochromic, normocytic anemia with a hematocrit varying 

between 16-27X, reticulocytosis ranging from 6-l]%, serum bilirubin 1.2 mg% 

total with 0.3 mg% conjugated, 
51 

Cr apparent red cell half-survival 12.5 days. 

Two bone marrow examinations revealed erythroid hyperplasia. Repeated lupus 

erythematosus preparations, fluorescent-antibody determinations,and tests for 

paroxysmal nocturnal hemoglobinuria were all negative. After she was unsuccess- 

fully treated with steroids and pyridoxine the spleen was removed. This organ 

was considerably enlarged, weighed 610 g and showed marked hyperemia and focal 

extramedullary hematopoiesis. The hemolytic process was not significantly 

altered by the operation. 

Two years later she was hospitalized at the City of Memphis Hospitals for 

pneumon i a. The peripheral blood findings were similar to those found during 

the previous hospitalization except for a leukocytosis up to 25,OOO/cu mm and 

up to 75 nucleated red cells/100 WBC. The red cells showed a tendency to mac- 

rocytosis and a moderate number of oval, burr, thorn,and target cells were found. 

Howell-Jolly bodies and stippling were present. Some of these changes were un- 

doubtedly due to the previous splenectomy. After recovery from the acute infec- 

tion the hemolytic anemia was restudied. A bone marrow examination again reveal- 

ed erythroid hyperplasia. Hemoglobin electrophoresis was normal. Fetal hemo- 

globin comprised less than 2% and hemoglobin A2 2.6% of the total hemoglobin. 

Serum proteins, including electrophoresis, and a Coomb’s test were normal. 

Incubated red cell fragility revealed an initial hemolysis at .65% saline and 

complete hemolysis at . lo”/, saline (control 0.55% - 0.35%). The number of cells 

sensitive to hypotonic saline hemolysis was small, the patient’s curve crossing 

that of the control at 18% hemolysis. Serum bilirubin again was elevated and 

51 Cr red cell half-survival was found to be 12 days. The autohemolysis test 

resulted in 28% hemolysis after 48 hours incubation. This was not reduced by 

addition of glucose (33% hemolysis), but was reduced to 2.5% by addition of ATP 

(Dacie Type 1 I). Therefore, red cell enzymes were studied. The results are 

given in Table I. 

All red cell enzymes measured showed values well above normal levels 

established for this laboratory except for PGK. This increase in enzymatic 

activity was interpreted to result from the young age of the red cells. 

The defect of PGK activity became more apparent when young and old cells were 

separated and tested. Relatively old cells (1.5% reticulocytes) had 7.3 units 
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TABLE I. 

Activity of red cell enzymes. 

Enzyme 

Glucose 6-phosphate dehydrogenase 

6-phosphogluconate dehydrogenase 

Hexokinase 

Phosphohexose isomerase 

Phosphohexokinase 

Aldolase 

Tr iosephosphate isomerase 

Glyceraldehyde-3-phosphate dehydrogenase 

2,3-diphosphoglycerate mutase 

Phosphoglycerate kinase 

Phosphoglycerate mutase 

Enolase 

Pyruvate kinase 

Units-:; per IO” RBC 

Patient Normal Range 

3.5 1.6-2.7 

2.2 I. l-l.7 

0.48 O-17-0.38 

35.0 3.4-14.9 

7.7 1.2-2.5 

I.3 0.3-0.9 

218 85- 136 

65 15-26 

2.0 I. I 

‘7.5 18.8-27 

21.6 7.6-12.4 

12.8 2.0-3.9 

14.3 1.0-3.7 

“An enzyme unit is defined as that amount required to decompose one pMole of 

substrate per minute at 37O C. 

of PGK activity per IO 
IO 

RBC, whereas the relatively young cells (12.3% reticu- 

locytes) gave a value of 29 units per IO 
IO 

RBC. Storage of the red cells in ACD 

for one month at 4’ C did not reduce enzyme activity. Since certain variants 

of glucose 6-phosphate dehydrogenase have been shown to be heat-labile 

(Kirkman .g a-‘.) the hemolysate from the patient was incubated at 37’ C for 

3 hours. No loss of PGK activity was observed. 2,3-diphosphoglycerate content 

was 4.4 uM per IO lo RBC (normal 3.9-5.2). White cell PGK activity was found to 

be normal, i.e., 233 units per IO” WBC (control 242 units per IO ” WBC). 

Discussion 

In this patient the diagnosis of non-spherocytic hemolytic anemia is well 

established and its presence has been documented for the last 20 years. 

Unfortunately there are no living members of the family and the hereditary nature 

of this defect cannot be proven. The history of anemia in the mother and two of 

the patient’s siblings only suggests this possibility. 
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Nevertheless, there is evidence that her red cells are deficient in PGK. 

As shown in the autohemolysis test, the hemolysis is markedly reduced by addition 

of ATP. Only two enzymes of the glycolytic cycle result in ATP formation, namely 

PK and PGK. The activity of the former is greatly increased even when tested 

at low levels of substrate (phosphoenolpyruvate) (Paglia et al.). PGK activity, - 

however, is just below normal values for this enzyme when measured in the whole 

cell population containing a preponderance of young cells. In the older red 

cell population this enzyme is markedly reduced. The substrate affinity as 

expressed in the Km value, however, is normal. This suggests reduced enzyme 

levels rather than a structurally altered enzyme. Cells deficient in PGK would 

be unable to effect a net gain in ATP through glycolysis, although they could 

reform ATP by means of PK, bypassing PGK via 2,3-diphosphoglycerate. This shunt 

is active in the cells of this patient as shown by the normal levels of 2,3-diphos- 

phoglycerate. Addition of ATP to such cells will decrease hemolysis in vitro -- 

as shown in PK deficiency although they will not be helped by glucose (Tanaka 

et al,). -- As in glucose 6-phosphate dehydrogenase deficiency of the Negro type, 

white cell PGK in this patient was normal. 

Summary 

Phosphoglycerate kinase deficiency, a hitherto unreported red cell enzyme 

defect, has been demonstrated in a patient with non-spherocytic hemolytic anemia. 

It is suggested that the enzyme deficiency is the cause of the anemia. 
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