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p53 and p21 expression in bone marrow  
clots of megaloblastic anemia patients

Denis Nicolas Kwan1, Júlia Thalita Queiróz Rocha2, Ligia Niero-Melo3, Maria Aparecida Custódio 
Domingues4, Cristiano Claudino Oliveira5

1Botucatu Medical School, São Paulo State University (FMB UNESP), Botucatu, São Paulo, Brazil; 2Salomão & 
Zoppi/DASA and Department of Pathology, Botucatu Medical School, São Paulo State University (FMB UNESP), 
Botucatu, São Paulo, Brazil; Departments of 3Clinical Medicine, 4Pathology, Botucatu Medical School, São Paulo 
State University (FMB UNESP), Botucatu, São Paulo, Brazil; 5Department of Pathology, Botucatu Medical School, 
São Paulo State University (FMB UNESP) and Departament of Anatomic Pathology, Hospital São Luiz/D’, São 
Paulo, Brazil

Received May 5, 2020; Accepted June 11, 2020; Epub July 1, 2020; Published July 15, 2020

Abstract: The pathogenesis of megaloblastic hemopathies (MH) is centered on the deficiency of vitamin B12 and 
folic acid with interruption of erythrocyte maturation. This study researched the participation of p53 and p21 in the 
pathophysiology of the disease. A retrospective study enrolled 95 patients with histopathologic diagnosis by biopsy 
or bone marrow clot (BMB/BMC), with clinical review and immunohistochemical study in tissue microarray (TMA) 
for p53 and p21, detailing their marking location. All patients had BMC and only 11 had BMB. The CMO was a dif-
ferential of this study and it allowed an expanded sample. In the TMA, 63.7% (58/91) of the samples were immu-
nopositive for p53; and 35.2% (31/88) were immunopositive for p21. Nuclear staining, divergent from the literature, 
was observed in 17.3% (10/58) among those p53+ and in 38.7% (12/31) among those p21+. The pattern of im-
munostaining showed non-significant differences (P=0.474) regarding morphologic and clinical aspects. The positiv-
ity for both may indicate an effective balance between apoptosis and anti-apoptotic action. Excessive inhibition of 
apoptosis would contribute to high global cellularity, but without functional maturation effectiveness. In conclusion, 
there is p21 and/or p53 immunoexpression in most cases of this study and there is no clear association between 
immunoexpression pattern and patient outcome. Unlike the literature, we also found a percentage of nuclear im-
munostaining, but the finding was not statistically significant. Combination of p21 and p53 results created different 
possibilities of pathologic interpretation for MH, reinforcing the importance of studies similar to this one.

Keywords: Anemia, megaloblastic, tumor suppressor protein p53, oncogene protein p21(ras), bone marrow, bone 
marrow cells, immunohistochemistry

Introduction

Schulz et al. (2000) [1] reported a case of a 
41-year-old man with megaloblastic hemopa-
thies (MH) and positivity for p21 and p53 in 
bone marrow erythroid cell cytoplasm, with no 
nuclear labeling and no alterations in the TP53, 
N-, K- and H-RAS. After treatment, the expres-
sion of such markers disappeared. According to 
the report, elevated p53 levels in the cytoplasm 
are associated with increased erythroblast 
apoptosis. Overexpression of p21 is related to 
elevated erythropoietin levels. 

The report by Schulz et al. (2000) [1] was one of 
the motives for this study that evaluated the 

presence and pattern of p21 and p53 protein 
marking in bone marrow (BM) of patients with 
MH.

Methods

We reviewed the medical records and histopa-
thology of bone marrow clots in 95 patients 
who underwent BM aspiration between March 
1997 and March 2016 at the Hematology and 
Pathology services of Botucatu Medical School 
of São Paulo State University (FMB UNESP). The 
Research Ethics Committee of the institution 
approved the research (number: 576754160- 
00005411), which obtained financial support 
from the São Paulo State Research Support 
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Foundation (number 2016/19725-3). Immuno- 
histochemistry (IHC) was performed using tis-
sue microarray (TMA), the p21 antibodies (clone 
DCS-60.2, Ventana, ready to use), p53 antibod-
ies (clone D0-7, Ventana/Dako, ready to use), 
and glycophorin-A antibodies (clone GA-R2, 
Ventana, ready for use). The statistics were car-
ried out using SPSS 15.0, with descriptive tools 
and association tests (Chi-Square or Fisher’s 
Exact test), using a p-value of less than 5%.

Results

Of 95 patients, 45 (47.4%) were women, and 
the median age was 56 years (1-89 years). All 
patients had bone marrow clot (BMC), an influ-
ential factor in this study as this is not the real-
ity in all services. This fact contributed to sam-
pling and allowed better technical conditions 
for IHC since the materials did not need de- 
calcification. 

Megaloblasts were present in all samples and 
are exemplified in Figure 1B and 1C. Findings 
such as increased global cellularity (n=88; 

tes mellitus (n=18; 22.2%), and hypothyroidism 
(n=10, 12.3%). Ethylism was documented in 4 
patients (4.9%), equivalent to the percentage 
who had a gastrectomy. Regarding clinical out-
comes, remission with disease control was 
achieved in 31 patients (38.3%). However, 
unfavorable outcomes were also detected and 
characterized as maintenance of the disease 
(n=12; 14.8%), remission with relapse (n=5; 
6.2%), appearance of segment hematologic 
neoplasia (n=3; 3.7%). Thirty patients did not 
have a full recorded clinical follow-up. There are 
several reasons for this phenomenon, including 
the fact that these patients often come to the 
service for neoplastic investigation and, once 
the hypothesis is ruled out, they return to their 
original health services.

Regarding IHC (Figure 2), the p53 and p21 eval-
uations included the pattern (cytoplasmic or 
nuclear) and the intensity (1+ to 4+) of staining. 
The glycophorin-A marker stained erythroid 
series cells and served to discriminate the cells 
of interest for p53 and p21 IHC interpretation. 

Figure 1. Histopathologic evaluation in bone marrow clot. A. (scanning, 
H&E) Bone marrow clot. At least five spikes are required to ensure sample 
representativeness. Note the increased global cellularity. B and C. (400×, 
H&E) Megaloblasts in the context of granulocytic hypercellularity. D. (400×, 
H&E) Cellular gigantism of the granulocytic series demonstrated by a meta-
myelocyte. The cell under analysis is circled in yellow. E. (200×, Perls) Ex-
emplification of a patient without iron deficiency. The hemosiderin deposits 
are stained blue. F. (Reticulin, 400×) Case example with grade 2 reticulin.

92.6%) and inversion of granu-
locytic and erythroid series 
(n=66; 69.5%) were found in 
most cases of BMC. Cellular 
giantism (Figure 1D; n=59; 
69.5%) can be demonstrated 
by the presence of metamyelo-
cytes. Iron-deficiency conco- 
mitance was present in 56 
(58.9%) patients, characteriz-
ing a possible multicarential 
condition.

Of the 95 patients, 81 had 
medical records, and the ana-
lyzes showed initial anemia in 
84% of cases (n=68) and pan-
cytopenia in 50.6% of ca- 
ses (n=41). Hepatomegaly was 
found in 11 (13.6%) patien- 
ts and splenomegaly in 14 
(17.3%) patients. Two (2.5%) 
patients used anticonvulsants, 
while 26 (32.1%) patients took 
antihypertensives, 9 (9.5%) 
reported use of antidepres-
sants, and 4 (4.9%) used corti-
costeroids. Among the comor-
bidities, the most frequent 
were systemic arterial hyper-
tension (n=32; 39.5%), atrophic 
gastritis (n=22, 27.2%), diabe-
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P53 was positive in 58 of 91 samples (63.7%) 
in TMA. Intensity was generally low (1+/4+) in 
most patients (n=44; 75.8%). The remaining  
58 positive patients had intensity of 2+ in 10 
(17.3%) samples, 3+ in 3 (5.6%) samples and 
4+ in 1 (1.3%) sample. Regarding the pattern, 
48 (82.7%) had a cytoplasmic pattern and 10 
(17.3%) had nuclear pattern.

Regarding p21, there was immunopositivity in 
31 (35.2%) patients from 88 samples evalu-
able in TMA. Staining intensities in the samples 
were: 1+ (n=25; 80.6%) and 2+ (n=6; 19.4%). 
The cytoplasmic pattern was predominant and 
observed in 19 (61.3%) positive cases, and the 
remaining (n=12; 38.7%) exhibited nuclear 
pattern.

Discussion

The P53 gene has tumor suppressor functions, 
including disruption of the cell cycle in phase 
G1, before phase S, ensuring the possibility of 
repair in damaged DNA; apoptosis induction; 
and regulationbetween phase S and G2 of the 

anti-apoptotic activity of p21 is induced by dif-
ferent pathways such as growth factor depriva-
tion or p53 overexpression. Under these condi-
tions, cytoplasmic p21 binds and inhibits the 
activity of proteins directly involved in apopto-
sis induction, such as caspases. In addition, 
p21 may mediate the up-regulation of genes 
encoding the secretion of anti-apoptotic factors 
[12]. The p53 acts on the P21 gene promoter 
with consequent cell cycle arrest still in the G1 
phase, allowing repairs to damaged DNA [2].

According to Schulz et al. (2000) [1], the cyto-
plasmic localization of the label is not related to 
the possible inactivation of the functions of this 
protein, including apoptosis. High levels of cyto-
plasmic p53 are related to high rates of  
erythroblast apoptosis. With respect to p21,  
its labeling is a result of protein activation  
by erythropoietin elevation or hematopoietic 
growth factors. Koury et al. (1997 [13], 2000 
[14]), in experimental models, reported that, 
due to damage to the genetic material, there is 
increased expression of p53 and p21 [13, 14].

Figure 2. IHC in the bone marrow of patients with MH. A. (400× glycophorin 
A) Labeling is positive on erythroid series precursor cells and megaloblasts. 
The internal control of the slide is represented by red blood cell positiv-
ity. B. (400×) This image demonstrates false positivity of the IHC. It has a 
granular and coarse pattern, probably corresponding to hemosiderin de-
position. This coloring is negative. C. (400×, p53) Cytoplasmic marking. D. 
(400×, p53) Nuclearm. E. (400×, p21) Cytoplasmic marking. F. (400×, p21) 
Nuclear marking.

cell cycle [2]. Immunohistoche- 
mistry allows the detection of 
p53 protein, which has a short 
half-life and is usually detected 
in cell nuclei. The short half-life 
makes it difficult to detect in 
healthy tissues. However, the 
existence of mutation prolongs 
its exposure and, consequent-
ly, there is an increase in detec-
tion capacity. In the case of the 
relationship between p53 and 
apoptosis, it is important to 
remember that p53 is initially 
maintained in the cytoplasm  
by binding to the murine dou- 
ble minute (MDM-2), a caspase 
substrate. The enzymatic ac- 
tion results in the release of 
p53, migrating to the nucleus, 
and activating the transcription 
of pro-apoptotic genes such as 
BAX25 [3-11]. 

Regarding protein p21, called 
cyclin-dependent kinase inhibi-
tor, its functions are related to 
the control of cell growth and 
may prevent or even regulate  
it by inhibiting apoptosis. The 
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In the context of MH, the genetic damage repre-
sented by folate and cobalamin deficiency 
would induce p53 and p21 expression, favoring 
apoptosis. Yadav et al. (2016) [15], in a com-
parative study between cobalamin, folic acid, 
and homocysteine levels with p53 expression, 
concluded that increased expression in MH- 
bearing megaloblasts is associated with low 
levels of B12 and folic acid. However, the con-
trol group cells did not show the same with 
another anemia subtype [15].

During the study, we noticed a predominant 
cytoplasmic immunoexpression of p53 and 
p21, confirming, in a large number of cases, the 
hypothesis of Schulz et al. (2000) [1]. An inter-
esting point is the concomitance of expression 
of p21 and p53. In the case of MH, we consider 
that there are patients with both immunoex-
pressions of p21 and p53, which would be in 
equilibrium. There are patients with isolated 
p53 or p21 immunoexpression, representing 
states of high apoptotic activity and states of 
apoptotic inhibition. Finally, there are immuno-
negative patients for both p53 and p21, with 
no stimulation to these proteins. Pathophy- 
siologically, the positivity for both indicates an 
effective balance between apoptosis and anti-
apoptotic action. Excessive inhibition of apop-
tosis would contribute to high global cellularity, 
but without functional maturation effective- 
ness.

On the other hand, excess apoptosis leads the 
body to metabolic stress and could gradually 
contribute to hematopoietic failure. The double 
negative cases represent a worrisome group in 
which there is no cellular response to the harm-
ful or isolated event through which the bone 
marrow passes. Five patients (19.6%) had an 
unfavorable outcome and TMA evaluation 
score were double negative for p53 and p21 
(P=0.474). 

Conclusion

Therefore, there is p21 and/or p53 immunoex-
pression in most cases of MH studied based on 
MBC. There is no clear association between 
immunoexpression pattern and patient out-
come, but this may represent a way to under-
stand the pathophysiology of this disease in 
patients with negative evolution regardless of 
the treatments employed. Unlike the case 
report that was the focus of the study, we also 

found a percentage of nuclear immunostaining, 
but the finding was not statistically significant.
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