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The immune system has
two major functions: (1) to /- Y
recognize substances that are y
foreigntothebody and (2) toreact ¢ |
against them. These foreign L
substances (or antigens) may be ' T T
microorganisms that cause [ ¥ 2 Lymph nodes
infectious diseases, transplanted N 3
tissues or organs from another / I )
individual, or even“foreign” tumors i\\ 4 L )
that arise within one’sown body. )
Adequatefunctioning of theimmune 1 ¥
system provides protection from o |
infectious diseases, isresponsible ' |
for the rejection of transplanted ~ Bonemamow |1 ! Blood
organs, and may provide some VY
protection from cancer.

One of themost important
functionsof theimmunesystemis ' I| |
to protect against infectious I
diseases. The body is constantly \ /
challenged by a variety of
infectious microorganismssuch as (i
bacteria, virusesand fungi. These

microorganisms can cause a Fig. 5-1: Important components of the immune system.

variety of infections- somerelatively common and usually not serious, and
othersless common and more serious. For example, the average individual
has anumber of “colds” each year caused by avariety of respiratory viruses.
Other viruses can cause more serious liver infections (hepatitis) or brain
infections (encephalitis). Common bacteria infectionsinclude strep” throats,
some skin infections (impetigo) and ear infections (otitis). Occasionally a
bacterial infection may be very seriousaswhen it affectsthe covering of the
brain (meningitis) or involvesthe bone (osteomyelitis) or joints (pyogenic
arthritis).

Whatever theinfection, theimmune systemisresponsiblefor defending
theindividual against theinvading microorganism. A normal immune system

Patients with a
defective immune
system often have

an increased
susceptibility to
infection as one of
their major

problems.
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providesaperson with the ability to kill theinvading microorganism, limit the
spread of infection and ultimately recover. An abnormal immune systemis
unableto kill the microorganism effectively. Theinfectionsmay spread and, if
untreated, ultimately befatal. Thus, patientswith adefective immune system
often haveanincreased susceptibility to infection asoneof their mgjor problems.
In someindividual swith defectiveimmune systems, the infections may occur
infrequently and be of relatively little consequence. In others, theinfections
may be unusually frequent, unusually severe, or be caused by unusual and/or
rare microorganisms.

Becausedl partsof the body need to be protected from microorganisms
or other foreign material, the immune system islocated in, or has access to,
virtualy al partsof the body. Thus, important componentsof theimmunesystem
are concentrated in the blood, thymus, lymph nodes, bone marrow and spleen. If
aninfection startsin alocation that has only afew components of theimmune
system, such asthe skin, signals are sent throughout the body to call inlarge
numbersof immune cellsto the site of infection. Thisisthe reason that lymph
nodesintheneck may swell during athroat infection and that pus (formed by the
activity of protective white blood cells) develops at a skin infection.

COMPONENTSOF THENORMAL IMMUNE SYSTEM

The immune system is composed of avariety of different cell types
and proteins. Each component performsaspecial task aimed at recognizing and/
or reacting against foreign materials such as germs. For some components,
recognition of germsistheir primary and only function. Other componentsfunction
primarily to react against the germs. Still other components function to both
recognize and react against germsand other foreign materias.

Since the functions of the immune system are so critical to survival,
many of them can be performed by more than one component of thesystem. This
redundancy acts asaback-up mechanism so that if one component of thewhole
systemismissing or functioning poorly another component cantakeover at least
someof itsfunctions.

The major components of theimmune system are:

B-lymphocytes
T-lymphocytes
Phagocytes
Complement

B-lymphocytes: B-lymphocytes (sometime called B-cells) arewhite
blood cells system whose major function isto produce antibodies (also called
immunoglobulinsor gammeaglobulins). B-lymphocytesdevel opfrom primitivecdlls
(stem cells) in the bone marrow. When mature, B-lymphocytescanbefoundin
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Cells of the Immune System
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Fig. 5-2: Cells of the immune system arise in the bone marrow and are then distributed
throughout the body.

the bone marrow, lymph nodes, spleen, certain areas of theintestineand, to a
lesser extent, inthe bloodstream. When B-lymphocytesarestimulated by aforeign
substance or antigen, they respond by maturing into plasmacellsthat produce
antibodies. These substancesfind their way into the bloodstream, respiratory and
intestinal secretionsand eventears.

Antibodiesarehighly goecidized serum protein molecules. For every foreign
antigen to which the body has been exposed, there are antibody molecul esthat
specifically recognizeantigen. Thus, thereare antibody moleculesthat fit thepolio
viruslikealock and key, others aimed specifically at the bacteriathat causes
diphtheria, and still othersthat match the measlesvirus. Thevariety of different
antibody moleculesisso extensvethat B-lymphocyteshavetheahility to produce
antibodiesagaing virtudly every possiblemicroorganisminour environment. When
antibody moleculesrecognizeamicroorganism asforeign, they physically attach
to the microorganism and set off acomplex chain of reactionsinvolving other
componentsof theimmune system that eventual ly destroysthe microorganism.

The chemical namesfor antibody proteinsare“immunoglobulins’ or
“gammaglobulins.” Just asantibodies can vary from moleculeto moleculewith
respect to which microorganismsthey bind, they can a so vary with respect to
their pecidized functionsinthebody. Thiskind of variationinspeciaized function
isdetermined by the antibody’ s chemical structure, whichinturn determinesthe
classof theantibody or (immunoglobulin). Therearefivemgor classesof antibodies
orimmunoglobulins

Antibodies protect
each of us from
infection in a number

of different ways.
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ImmunoglobulinG  (IgG)
Immunoglobulin A (1gA)
ImmunoglobulinM  (IgM)
ImmunoglobulinE  (IgE)

ImmunoglobulinD  (IgD)

Each immunoglobulin class has special chemical characteristics, that
provideit with certain advantages. For example, antibodies of the IgG class
areformed in large quantities and can slip out of the bloodstream into the
tissues. 1gG immunoglobulins (antibodies) arethe only classof immunoglobulin
that crossthe placentaand passimmunity from mother to fetus. Antibodies of
the IgA fraction are produced near mucus membranes and find their way into
secretions such astears, bile, salivaand mucus, where they protect against
infection in the respiratory tract and intestines. Antibodies of thelgM class
arethefirst antibodiesformed in response to infection and, therefore, are
important in protection during thefirst few days of an infection. Antibodies of
theIgE classareresponsiblefor allergic reactions. Thefunction of IgD isstill
not understood.

Antibodiesprotect each of usfrominfectioninanumber of different ways.
For exampl e, some microorganisms must attach to body cellsbeforethey can
cause aninfection, but antibodies on the surface of amicroorganism caninterfere
withitsability to adhereto body cells. Antibodiesattached to the surface of some
microorganismscan activateagroup of proteinscaled“complement” that directly
kill bacteria and viruses. Antibody-coated bacteria are also much easier for
phagocytic cellsto ingest and kill than bacteriathat are not coated with antibody.
All of theseactionsof antibodiesprevent microorganiamsfrom successfully invading
body tissueswherethey may cause seriousinfections.

T-lymphocytes: T-lymphocytes(sometimescalled T-cells) areanother
typeof immunecell. T-lymphocytesdo not produce antibody molecules. Instead,
the specidized rolesof T-lymphocytesareto directly attack foreign antigenssuch
asviruses, fungi, or transplanted tissues, and to act asregulators of theimmune
system.

T-lymphocytesdevel op from stem cdllsinthe bonemarrow. Early infetal
life, theseimmature cdlsmigrateto thethymus, aspecidized organ of theimmune
gystem that isin the chest. Within thethymus, lymphocytesdevel opinto mature T-
lymphocytes(“T” for thethymus). Thethymusisessentid for thisprocess, and T-
lymphocytes cannot devel op if thefetushasno thymus. Mature T-lymphocytes
leave the thymus and popul ate other organs of theimmune system, such asthe
spleen, lymph nodes, bone marrow and bl ood.

Each T-lymphocyte reactswith aspecific antigen, just as each antibody
moleculereactswith aspecific antigen. Infact, T-lymphocyteshave moleculeson
their surfacesthat arelikeantibodiesand recognizeantigens. Thevariety of different
T-lymphocytesis so extensivethat the body has T-lymphocytesthat can react
agang virtudly any antigen. T-lymphocytesa so vary with respect totheir function.
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Thereare“killer” or “effector” T-lymphocytes, and “helper” T-lymphocytes. Each
hasadifferent roleto play intheimmune system.

Killer or effector T-lymphocytesarethe T-lymphocyteswhich perform
theactua destruction of theinvading microorganism. Thesekiller T-lymphocytes
protect the body from certain bacteriaand virusesthat havethe ability to survive
and evenreproducewithinthebody’sown cells. Killer T-lymphocytesa sorespond
to foreign tissues in the body, such as a transplanted kidney. The killer T-
lymphocytes migrateto the site of aninfection or the transplanted tissue. Once
there, thekiller cell directly bindstoitstarget and killsit.

Helper T-lymphocytes assist B-lymphocytes in producing antibody
and assigt killer T-lymphocytesintheir attack on foreign substances. The hel per
T-lymphocyte hel psor enhancesthe function of B-lymphocytes, causngthemto
produce moreantibodiesand giving ingructionsfor making 1gG, IgA or IgE. Helper
T-lymphocytesa so hel p or enhancethefunction of killer T-lymphocytesand some
phagocytic cdls, especidly macrophages.

Phagocytes. Phagocytesare specialized cellsof theimmune system
that function toingest and kill microorganisms. Thesecells, likethe othersinthe
immune system, develop from primitive stem cellsin the bone marrow. When
mature, they migrateto virtually all tissuesof thebody but areespecidly prominent
inthebloodstream, spleen, liver, lymph nodesand lungs.

There are a number of different types of phagocytic cells.
Polymorphonuclear leukocytes (neutrophils or granulocytes) are commonly
found in the bloodstream and can migrate into sites of infection within a
matter of minutes. It isthisphagocytic cell that increasesin number in theblood
duringinfection andisinlarge part responsiblefor an elevated whiteblood cell
count during infection. It alsoisthe phagocytic cell that |eavesthe bloodstream
and accumulates in the tissues during the first few hours of infection, and is
respons blefor theformation of “ pus.” Monocytesare another type of phagocytic
cdl found circulatinginthe bloodstream, and lining thewallsof blood vessdsinthe
liver and spleen. Herethey act to capture microorganisms asthey passby inthe
blood. When monocytesleavethe blood stream and enter thetissues, they change
shape and size and become macrophages.

Phagocytic cells serve a number of critical functions in the body’s
defenseagaingt infection. They havetheability toleavethe bloodstream and move
into thetissuesto the site of infection. Onceat the site of infection, they ingest the
invading microorganism. Ingestion of microorganismsby phagocytic cellsismade
eas er when the mi croorgani smsare coated with either antibody or complement
or both. Oncethe phagocytic cell hasengulfed or ingested the microorganism, it
initiatesaseriesof chemical reactionswithinthecell, which result in the death of
themicroorganiam.

Complement: Thecomplement system iscomposed of approximately
20 serum proteins, that function in an ordered and integrated fashion to help
defend against infection and produce inflammation. Some of the proteinsinthe

The most common
immune system
abnormalities are
deficiencies of
antibody and a
reduction in the
number of
lymphocytes
circulating in the

bloodstream.
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complement system are produced in the liver, while others are produced by
macrophages.

Inorder to performtheir protectivefunctions, thecomplement components
must be converted from inactive formsto activated forms. In someinstances,
microorganismsmust first combinewith antibody in order to activate complement.
In other cases, the mi croorgani sms can activate complement without the need for
antibody. Once activated, the complement system can perform a number of
important functions in defense against infection. One of the proteins of the
complement systems coats mi croorganismsto makethem moreeasily ingested by
phagocytic cells. Other componentsof complement act to send out chemicd signas
to attract phagocytic cells to the sites of infection. Finally when the whole
complement systemisassembled on the surface of somemicroorganisms, acomplex
is created which can puncture the cell membrane (outer envelope) of the
microorganismandkill it.

THEIMMUNE SYSTEM IN A-T
Many, but not all, A-T patients have abnormalities of immunefunction.

Themost common abnormalitiesare deficienciesof antibody and areductionin
the number of lymphocytescircul ating inthe bloodstream.

IMMUNODEFICIENCY INA-T

* Most problems are not progressive

* Therearemany laboratory abnormalities
o IgA deficiency
0 1gG, deficiency
o Impaired ability to respond to vaccines

¢ Many patientsdo NOT haveasignificant
predispositiontoinfection

Abnormalitiesof Antibody

Approximately two-thirdsof A-T patientshaveadeficiency of IgA. This
immunoglobulinisparticularly important for host defense along mucosa surfaces
that comein contact with the environment, such asthelining of the sinuses, the
bronchi and smdler airwaysof thelung, and theintestines. IgA isnot animportant
part of host defensein theblood or organswithout connectionsto the outside such
asthebrain, liver and bones.

Selectivedeficiency of IgA - that is, normal immunefunction except for
thelack of IgA - isactualy areatively common problemamong hedthy individuas,
occurring in approximately 1 of 500 people. Most of those peopleare healthy and
do not haveany significant symptoms, but asmall number of IgA deficient patients
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have recurrent infectionsaong mucosal surfacesthat manifest assinusitisand
bronchitis. Itisnot knownfor certain why only some peoplewith IgA deficiency
have problemswithinfection, but itissuspected that those patientswho get infections
have other abnormditiesof theirimmunefunction (especidly deficienciesof other
immunoglobulinclassessuchas|gG,). Most A-T patientswith selective IgA
deficiency do not have problemswith infection. Those that do, usually have
additiona problemswith immunefunction or another predispositionto develop
infection (for example, aspiration of food and fluid into thelung).

There are no known therapiesto increase the amount of 1gA produced
by aperson, nor isthere away of manufacturing synthetic IgA or effectively
purifying it fromnormal people. Other strategies, such asreducing contact with
infected individualsand/or prophylactic antibiotics during thewinter months, are
sometimes used in these patients.

Another common problemin A-T patientsisadeficiency of 19G,. This
particular type of 1IgG moleculeismost important for the body’ s defense against
encapsulated bacteria. Theseare bacteriathat are surrounded by aprotectiveand
dippery sugary coating (acapsule) andincludemany of thecommon causesof ear
infections, Snustis, bronchitisand pneumonia.

Sometimes these problems with immunity can be overcome by
immuni zation. Vaccines against common bacterial respiratory pathogenssuch as
Hemophilusinfluenzaeand the pneumococcusarecommercidly availableand often
help to boost antibody responses, eveninindividualswith 1gG, deficiency. If the
vaccinesdo not work and the patient continuesto have problemswith infections,
gammeaglobulintherapy (1V infusionsof antibodiescollected fromnorma individuas,
see bel ow) may be of benefit.

In a very small percentage of A-T patients, there are severe
abnormalities of antibody production. Those patientswill makelittleor no1gG,
IgA or IgM and bevery susceptibleto avariety of respiratory and gastrointestinal
infections. Inthese cases, gammaglobulin therapy isabsol utely necessary.

Finally, 10to 15 percent of all A-T patientswill have an abnormality in
which one or moretypesof immunoglobulin areincreased far beyond thenormal
range. Inafew cases, theimmunoglobulin level scan beincreased so much that the
blood becomesthick and does not flow properly. Therapy for this problem must
betailored to the specific abnormality found and its severity.

For the most part, the pattern of immunodeficiency seenin an A-T
patient early inlife (by agefive) will be the same pattern seen throughout the
lifetimeof that individud. It isprobably not worthwhileto repeat measurements of
serumimmunoglobulinlevesat regular, fixed intervas. However, if anindividua
patient’ ssusceptibility toinfection increases, it isimportant to reassessimmune
function in case deterioration has occurred and anew therapy isindicated. (If
infectionsareoccurringinthelung, itisalsoimportant toinvestigatethe poss bility
of dysfunctiona swallow with aspirationinto thelungs.)

All A-T patients
should have at least
one comprehensive
immunologic
evaluation that
measures the
number and type of
lymphocytes in the
blood.
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Low Lymphocyte Counts

Mogt A-T patientshavelow lymphocyte countsin theblood. Thisproblem
seemsto berelatively stablewith ageand very few patients have progressively
decreasing lymphocyte countsasthey get older. Ingenerd, patientswith very low
lymphocytecountsareat Sgnificantly increasedrisk for infection. They may develop
complicationsof liveviral vaccines(mead es, mumps, rubellaand chickenpox),
chronic or severe viral infections, yeast infections of the skin and vagina, or
opportunisticinfections (such as pneumaocystis pneumoniathat do not occur in
individua swithnormd immunefunction). Fortunately, though lymphocyte counts
areoftenlow in A-T patients, these problemswith infection arevirtually never
seen. Theone exception to that ruleisthat many A-T patients have chronic or
recurrent problemswith wartson the handsand feet.

GENERAL RECOMMENDATIONS

* Every A-T patient should have at least one comprehensive
immunologiceva uation.

* If he/she has normal antibody responses to killed vaccines
[diphtheria, tetanus, or H. influenzae (Hib)], all standard
childhood vaccines (including measles'mumps/rubella and
varicella) should be administered.

* Influenzavirusvaccine and pneumococcal vaccinesmay be
particularly hepful.

e |fthereisanincreaseininfectionslaterinlife
o Re-evauatetheimmune system

o Evauatefor dysfunctional swallow and pulmonary
aspiration

Specific Recommendations

All A-T patientsshould have at |east one comprehensiveimmunologic
evaluation that measures the number and type of lymphocytes in the blood
(T-lymphocytesand B-lymphocytes), thelevelsof serumimmunoglobulins(1gG,
IgA, and IgM) and antibody responsesto T-dependent (e.g., tetanus, Hemophilus
influenzae B) and T-independent (23 valent pneumococcal polysaccharide)
vaccines. Thetestsneed not berepeated unlessthe patient devel opsmore problems
withinfection.
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If the tests show significant abnormality, your doctor will be able to
discussvarioustrestment options. Absenceof immunoglobulin or antibody response
to vaccine can betreated with replacement gammaglobulin (1IVIG) infusions, or
can bemanaged with prophylactic antibioticsand minimized exposuretoinfection.
If immunefunctionisnorma, al routine childhood immunizationsincluding live
vird vaccines(meead es, mumps, rubellaand varicella) should begiven. In addition,
severa “specia” (thatis, licensed but not routine) vaccines should be givento
decreasetherisk that an A-T patient will develop lunginfections. The patient and
al household membersshould receivetheinfluenza(flu) vaccineevery fal. A new
7-vaent pneumococca conjugate vaccine hasjust beenlicensed. For A-T patients
lessthan two yearsold, three doses of the new vaccine should be given at two
monthintervals. For A-T patientsolder than two yearsold, two doses of the new
vaccine should be given over atwo month interval. Six months after the new
vaccine has been given and after thechildisat |east two yearsold, the standard
23-vaent pneumococcal vaccine should be administered. Immunization withthe
23-vaent pneumococcal vaccine should berepeated every fiveyears after the
first dose.

In patients who have low levels of IgA, further testing should be
performed to determineif thelgA level islow or completely absent. If thelatter,
thereisadightly increasedrisk of atransfusonreaction. “Medica Alert” bracelets
are not necessary, but thefamily and primary physician should be awarethat if
thereiselective surgery requiring red cell transfusion, the cellsshould bewashed
to decreasetherisk of anallergicreaction.

Finally, it isimportant to emphasizethat if an A-T patient developsan
increase in respiratory tract infections, particularly if accompanied by
increased problemswith drooling, coughing or choking when eating, or very
slow eating, that the physician should think about dysfunctional swallow and
pulmonary aspiration ascausesfor infection.

GAMMAGLOBULIN THERAPY

Individuals who are unable to produce adequate amounts of
immunoglobulins or antibodies may benefit from replacement therapy with
gammaglobulin. Theterm gammaglobulin refersto thechemical fraction of blood
that containsimmunoglobulinsor antibodies. Gammaglobulin therapy isnot used
for patientswithisolated |gA deficiency.

Mature B-lymphocytes (plasma cells), when encountering antigens,
manufacture antibodies and rel ease these mol ecul esinto the bloodstream. To
commercially prepare antibodiesthat can be given to patients, the antibodies
must first be purified (extracted) from the blood of normal healthy individuals.
Blood from each donor is carefully tested for evidence of transmissible
diseases, such asAlIDS or hepatitis, and any samplethat is even suspected of
having one of those diseasesisdiscarded. Blood iscollected from approximately

There are two forms
of gamma globulin
that can be given to
patients:

v Intramuscular (IM)

v Intravenous (IV)
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10,000 people, then pooled together. Since different individual s are exposed
to different germs, collecting blood from so many different peopleisthe best
way to ensurethat thefinal gammaglobulin product will contain antibodiesto
many different typesof germs.

Thefirgt stepingammadglobulin productionisto removeal red and white
blood cells. Then, theimmunoglobulinsarechemicaly purifiedin aseriesof steps
involving treatment with & cohols. The processresultsinthe purification of antibodies
of thelmmunoglobulin G (1gG) class, but only trace amountsof IgA and IgM
urvive.

The purification processremovesother blood proteinsandisalso very
effectiveat killing virusesand other germsthat may beintheblood. Purified gamma
globulin hasbeen used for approximately 40 yearsand isextremely safe. Ononly
one occas on hasagammaglobulin product manufactured in the United States
ever transmitted an infectious disease. Dueto achangein manufacturing process
during the mid-1990s, one company produced gammaglobulin contaminated by
hepatitis C virus. Sincethe outbreak of hepatitisC, every U.S. manufacturer has
been required to add additional stepsto inactivate any virusesthat may have
escaped thea cohol purification process. TheU.S. Food and Drug Administration
hastested the manufacturing processes and found that they completely kill the
virusthat causes AlDS. No subsequent infections have occurred.

Therearetwo formsof gammaglobulinthat can begivento patients- a
form to beinjected into muscle (intramuscular, IM) and aform to beinjected
directly into the bloodstream (intravenous, V). Gammaglobulin productsfor
intramuscul ar use have been used for decades and continueto be used to give
normal individualsaboost of antibodiesafter exposure to some specific diseases
such as hepatitis. The same products were used for many years to treat
immunodeficient patients. Unfortunately, immunodeficient patientsrequired frequent
injectionswith much larger doses of gammaglobulin than those used in normal
individuas. Theseintramuscular injectionswerevery painful, and only modest
amounts of gammaglobulin could be givenin thisway - there ssimply was not
enough roominsdethemusclefor more.

Intheearly 1980s, new manufacturing processeswere devel oped to make
gammaglobulin productsthat could beinjected intravenoudly (called IVIG or
IGIV). Therearenow many different gammaglobulin preparationslicensedinthe
United Statesfor intravenous use. For themost part, the productsare equival ent.
There are someminor differenceswhich may make one particular preparation
most suitablefor agivenindividua. Your doctor isyour best source of information
about which product isbest for you.

The new intravenous gammaglobulin products are usually very well
tolerated by patients. They can beadministered either inan outpatient clinicor in
the patient’shome. A typical infusion will take two to four hoursfrom start to
finish. Useof intravenousproductsalowsphys ciansto givelarger dosesof gamma
globulinthan could begivenintramuscularly. Most patients have no side effects
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fromthelV infusions, but low gradefever or headache sometimesoccur. These
symptomscan usudly bedleviated or diminated by infusng thegammaglobulinat
asower rate.

Thedose of gammaglobulin variesfrom patient to patient. In part, the
doseisdetermined by the patient’ sweight. Itisalso determined by measuring the
blood leve of IgG inthepatient at someinterva after infusion, and by determining
how well agiven dose of gammaglobulinistreating or preventing symptoms.
Intravenousinfus onsof gammaglobulinareusudly givenevery threetofour weeks,
but they may be given more or less frequently depending on the needs of the
individud petient.

It isimportant to remember that although our current gammadglobulin
productsarevery good, they do not duplicateexactly what naturenormally provides.
The manufactured gammaglobulinisalmost purelgG, so essentialy no IgA or
IgM is transferred to the patient. The specific protective functions of these
immunoglobulins are therefore not replaced. At least part of the reason that
antibody-deficient patients remain somewhat more susceptibleto respiratory
infections, eventhough they arereceiving gammaglobulin, may bethat thelgA on
themucosal surfacesof therespiratory tract isnot being replaced.
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