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Central/1° organs
Bone Marrow
Thymus

Peripheral/2° organs/tissues
Lymph nodes

Spleen
Extranodal lymphoid tissues

eg. Gl tract
Tonsils and adenoids (waldeyers ring)
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Bone Marrow
Stem cell compartment

Hematopoiesis
Lymphopoiesis- B and T cells

Age effect — decreased cellularity & increase in fat cells; impaired haematopoiesis

Thymus

Paired lymphoepithelial organ with dual function
Immunological - Generation of immunocompetent T cells
Endocrine

Lymph nodes - dual function
Immunological
Filtering of body fluids

Spleen - dual function:

Immunological
Blood clearance

Gl Tract
Immunological
Defence against foreign organisms



A Sound understanding of the function, organisation and site variation of the different
components of normal haematopoietic and lymphoid tissues

A Knowledge of cytomorphology of constituent cells in benign & malignant tissues

A Awareness that the cellular constituents vary according to of patient

A Familiarity with classification of lymphoid lesions, benign and malignant

A Knowledge of immunophenotype of benign & malignant cells if IHC is indicated
A Awareness of pitfalls which may cause diagnostic problems

Essential to

A Carefully examine, orientate and measure all specimens
A Ensure representative sample(s)

A Ensure good quality, well cut and stained sections



NORMAL ADULT BONE MARROW
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At 1 2-9 21-56

BMAspirate Birth Year Years Years
M:E ratio 4.4 4.8 5.3 2.4 (1.3-4.6)
Myeloblasts 1 0.5 1.3 1.4 (0-3)
Promyelocytes 1.5 0.7 2.8 7.8 (3.2-12.4)
Myelocytes 4 2 26.7 7.6 (3.7-10)
Metamyelocytes 14 11 22 4.1 (2.3-5.9)
‘Bands’ & neutrophils 22 20 12.8 34.2 (23.4-45)
Eosinophil series 2.7 2 1.2 2.2 (0.3-4.2)
Monocytes 0.9 1.5 0 1.3 (0-2.6)
Erythroid series 39.5 8 12.5 25.9 (13.6-38.7)
Lymphocytes 12 49 18.2 13.1 (6-20)
Plasma cells 0] 0.03 0.13 0.6 (0-1.2)



Bone Marrow Trephine Biopsy - BMTM
Allows assessment of:

A Overall cellularity and cytomorphology

A Organisation and distribution of: Erythroid series
Granulocytic series
Megakaryocytic series
A Lymphoid cells

A Macrophages

A Stroma
A Focal lesions
A Presence of infectious organisms

A Bone




Haemorrhage and necrosis

Reticulin fibre inrease

Vascularity

Serous fat atrophy/gelatinous transformation
Lymphocytosis

Plasmacytosis

Lymphoid/lymphoid histiocytic aggregates

Granulomas
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Malignant disease, eg.
leukaemias
lymphomas
lymphoma staging
metastases

Myelodysplasia
Myeloproliferative disease
Cytopaenias

Lytic bone lesions

‘Dry tap’ on BM aspirate
Disseminated infections
Mast cell disease

Storage diseasaes



A Clinical Data

A Adequate length of trephine biopsy 2cm or longer
A Addequate fixation

A High quality processing, sectioning and staining
A Selection of appropriate panel of Mabs

A Availability of cytogenetic and molecular studies if indicated
+

A Dialogue with Clinician and joint Meetings



Bone Marrow Trephine Biopsy - BMTB

1-6 2.0 cm in length
Trabecular spaces — at least 5




Age, sex and ethnic origin

Site of biopsy

Presumptive diagnosis

Haematological status and results of relevant investigations

(laboratory and radiological)
Previous treatment

Any known infective risk must be indicated eg. TB, HIV,
Hepatitis B

20ml aliguots of fixative distributed in universal containers Y haematology department
and other relevant sites



AFixative : AZF fixative (acetic acid-zinc-formalin) or 5% formalin
These fixatives are optimal for most staining and molecular techniques

AFixation: On arrival in laboratory BMTB left in fixative overnight
Next morning (ie. after 20-24hrs) number and lengths of the cores are
recorded and then Y decalcifying fluid

ADecalcification protocol: 10%formic acid, 5%formalin (Goodings &Stewarts decal fluid) - 6 hrs
or 5-10% formic acid for 12-24 hrs.
or EDTA for 24-48 hrs
(only If urgent decalcification is required, 5% nitric (or sulphuric) acid)

AEmbedding : After 6 hrs, BMTB embedded in paraffin wax. Entire trephine is embedded
If any clotted material received this is also imbedded.
Ensure BMTBs from different sites placed in separate cassettes
Some labs. use resin embedding



A Cut 1-pm sections ensuring full face of block is taken following AZF fixation
and Gooding and Stewarts decal protocol

A Cut sections of 3-4 pm at 3 levels for routine staining if formalin/formic acid
decalcification protocol

A At each level, cut spare sections for special stains and if clinically indicated
place on coated slides for IHC

A If additional sections were not cut at same time as routine sectioning, ensure enough
tissue remains in the block should IHC or further investigations later prove
necessary



H&E - good overall stain

Giemsa - plasma cells, early erythroid
series, mast cells

Perl’s stain for iron - Increased iron content*

Reticulin - fibre content and distribution;
(Gordon & Sweets) grading

PAS - carbohydrate, glycogen

* not reliable in decalcified tissue for assessing minimal or reduced iron content



A Immunohistochemistry

Use panels of immunostains

Select as appropriate to differential diagnoses

Always have positive and negative controls

If BMTB morphology and immunophenotype discrepant or if not in accordance
with BMA and/or flow results, further investigation are required

Some labs use in situ hybridisation (ISH) of mMRNA fork & A light chain expression
(rather than IHC} and EBV (using commercial Probe ISH Kits)

A Special stains for infective organisms

A DNA extraction and PCR
PCR used to assess clonality or specific translocations
(Flow cytometry, FACS analysis;
cytogenetics usually carried out on bone marrow aspirate)

A Saving and storage of specimen for future studies or research



-
BMTB - paraffin imbedded

Rout_ine stgins Molecular genetics
Special stains

! FISH;PCR
IHC &
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e LE SR BM Aspirate
B e, s Flow cytometry, FACS analysis; cytogenetics






A Cellularity - % of cells occupying marrow spaces
A Myeloid blast count (% of all cells)

A Myeloid :Erythroid ratio (M:E ratio

A Reticulin fibrosis (grade 1-4)

A Megakaryocyte count per mm?2 and morphology

A Presence of apoptotic figures (> 1 per mm?)



Mgks per mm? - 7-15( higher numbers seen with IHC)
Clusters rare

Mainly mature polyploid forms

Proximity to sinusoids

Emperipolesis common

Late forms/’bare’ nuclei present



Lymphocytes: 10-15% of nucleated cells

T cells > B cells
CD8:CD4 =2:1

Plasma cells (PCs) rarely > 1%



A Haemorrhage and necrosis

A Serous fat atrophy/gelatinous transformation
A Reticulin fibre inrease

A Lymphocytosis

A Plasmacytosis

A Lymphoid/lymphoid histiocytic aggregates

A Granulomas

A Vascularity



Haemorhage and necrosis




Gelatinous transformation/
serous degeneration



Reticulin fibre content and distribution (Gordon & Sweets)




Per!’s stain for iron




LYMPHOCYTIC INFILTRATES

Lymphoid aggregates mainly B lymphocytes

Diffuse lymphocytic infiltrates mainly T- CD8*

* May be predominantly B cells in Al disease
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Small size of aggregates (>1mm) ;
1-5 per trabecular space; B- and T- cells*

Random distribution; often perivascular;
well defined borders; away from trabeculae

Sometimes follicles with GCs, eg. In Al diseases
No atypia

Few reticulin fibres except in HIV infection

*Predominance of dAymphocytes in HIV (T8> T4)

Intersittial; scattered singly or in small clusters
Number 10-20% rarely 50%

Present around capillaries or macrophsages;
rarely around fat spaces

Rarely form large clusters; do not form nodules
Polyclonal; no atypia

Chronic osteomyelitis - sheets of PCs + fibrosis



granulomas




Bone Marrow Trephine Biopsy - BMTB

1-6 2.0 cm in length
Trabecular spaces — at least 5




DYSHAEMATOPOIESIS

Dyserythropoiesis

Dysgranulopolesis

Dysmegakaryocytopoiesis




DYSERY THROPOIESIS

Hyperplasia

Megaloblastic change — § o
Maturation defects

Disordered 1ron metabolism




DYSGRANULOPOIESIS

Hyperplasia

Excess blasts — ALIPs —

Pseudo Pelger change —

Reduced granularity




DYSMEGAKARYOPOIESIS

Hyperplasia*

Clustering —




A Nutitional deficiencies — starvation, B12, pyridoxine

A Toxins

A Therapy related t-myelodysplasia: drugs
Karyotype: 44,XY,-5,der(9) t (5;9)(g31;p21),add(12)(p11.2)

Chemo., eg alkylating agents; epypodophyllotoxin — der(13;13)(q103q10),add(17)(p11.2)10
BM & stem cell tranplantation 46,X,-Y,add(1)(p36),-5,add(12)(p11.2),

der(13;13)(q10;910),+mar1,+mar2,+mar 3[5]
A Anaemia of chronic disease

A Alcoholism

A Renal, liver, thyroid diseases with immune cytopaenias and metabolic problems
A Infections: bacteria, rikettsial, protozoal, fungi, viruses - notably HIV infection*
A Lymphomas - at presentation ie. before treatment*

A BM involvement by non-haematological malignancies



ADestruction /supression of stem BM stem cells

ADestruction of rapidly proliferating precursor cells
Almmune-mediated haematotoxicity

AAltered BM microenvironment, including microvascular injury

AGenetic mutation



BM cellularity decreases with age, becomes increasingly fatty and
haematopoiesis and immune responses are more ineffective

éeeeeececececece
Rothstein G (2003) J Am Geriatr Soc 51; SB2

AAge related events include:
Impaired regulation of cytokine production
genomic mutations

AAs a consequence of the disruption of normal haematopoiesis
the BM contains qualitatively and functionally defective cells

ADysregulation of mechanisms controlling haematopoiesis results
In: impaired response to increased demands on production
emergence of abnormal clones (MDS, MPD, leukaemia)

AThe response of progenitor cells to humoral stimulators is
preserved



Variable cellurarity




Clinical Data

Adequate length of trephine biopsy 2cm or longer
High quality processing, sectioning and staining
Selection of appropriate panel of Mabs

Availability of cytogenetic and molecular studies if indicated
+

Dialogue with Clinician and joint Meetings



