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O tecido conjuntivo exerce uma variedade de 
funções no organismo

1) Resistência e direcionamento do movimento

2) Suporte estrutural: 
Sustentação de tecido epitelial, muscular e nervoso
Revestimento e arcabouço de órgãos
Condução de vasos e nervos

3) Armazenamento de metabólitos

4) Defesa: palco das reações inflamatórias

5) Reparo tecidual

Connective tissue serves a variety of functions 
throughout the body.
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Connective tissue serves a number of important functions. It provides mechanical support to tissues and organs allowing them to resist tension and 
compression. It organizes cells into tissues by binding to surface receptors on cells and regulating their growth and morphology. It provides metabolic 
support in the form of growth factors, hormones, and high energy lipids through blood vessels. It contains a variety of cells that generate immune responses 
to foreign cells.  These functions tend to be exclusive so that connective tissue that is mechanically robust o!ers less metabolic and immune support. In 
contrast, connective tissue that provides metabolic and immune support tends to be weaker.
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to synthesize ATP. Beige fat cells also run a futile cycle 
of creatine phosphorylation and dephosphorylation  
to produce heat. Thermogenesis may be an “energy 
buffer” that, when defective in animals, can contribute 
to obesity. Therefore, stimulating thermogenesis is one 
goal in the treatment of obesity.

Brown fat cells express thermogenic proteins consti-
tutively, whereas β-adrenergic stimulation drives expres-
sion of these proteins in beige fat cells. The thermogenic 
fat cells have different precursors. Brown fat cells arise 
from the same mesenchymal stem cells as skeletal 
muscle, while beige fat cells are more closely related to 
white fat cells.

Origin and Development of Blood Cells
The blood of vertebrates contains a variety of cells, each 
with a specialized function (Fig. 28.4 and Table 28.1). 
Red blood cells transport oxygen, platelets repair damage 
to blood vessels, and various types of white blood  
cells defend against infections. All blood cells derive 
ultimately from pluripotent stem cells (Fig. 28.4B; also 
see Box 41.2). These hematopoietic stem cells can 
restore the production of all blood cells in mice that have 
been irradiated to destroy their own blood cell precur-
sors or after transplantation of human bone marrow. 
Destruction of stem cells (eg, by drugs such as 

or (in lean rodents) excess food intake. Fat is stored in 
multiple, small droplets (Fig. 28.3F). Brown fat is less 
abundant than white fat, being concentrated in connec-
tive tissue between the scapulae in mammals. Newborn 
humans have more brown fat than do adults in order  
to generate heat during the adjustment to a new envi-
ronment after birth. Hibernating animals use brown  
fat to raise their temperatures when emerging from 
hibernation. Beige fat cells are found among white  
fat cells and increase in numbers when a mouse is 
exposed to cold. A fourth type of fat cell is found in  
bone marrow.

Both brown and beige fat cells generate heat by  
short-circuiting the proton gradient that is usually used 
to generate adenosine triphosphate (ATP) in mito-
chondria (see Fig. 19.5). Sympathetic nerves acting 
through β-adrenergic receptors (see Fig. 27.3) and 
protein kinase A stimulate brown fat cells to break down 
lipids to provide fatty acids for oxidation by mito-
chondria. β-Adrenergic receptors also drive expression 
of “uncoupling protein,” a carrier in the inner mitochon-
drial membrane similar in structure to the mitochondrial 
ATP/adenosine diphosphate (ADP) antiporter (see Fig. 
15.4A). Uncoupling protein-1 dissipates the proton elec-
trochemical gradient across the inner mitochondrial 
membrane (perhaps acting as a fatty acid/proton sym-
porter), so energy is lost as heat rather than being used 

FIGURE 28.3 FAT CELLS. A, Light micrograph of a section of white adipose (fat) cells stained with hematoxylin and eosin. B, Drawing of a 
white adipose cell. C, Transmission electron micrograph of a thin section of the edge of a lipid droplet showing the circumferential sheath of 
vimentin intermediate !laments (IF [see Chapter 35]). D, Interpretive drawing of a lipid droplet with its associated !laments and endoplasmic 
reticulum (ER). E, Light micrograph of a section of brown fat. F, Drawing of a brown fat cell. (A, C, and E, Courtesy D.W. Fawcett, Harvard Medical 
School, Boston, MA. B and F, Modi!ed from T. Lentz, Yale Medical School, New Haven, CT. D, Modi!ed from Werner Franke, University of 
Heidelberg, Germany.)

Lipid

IF
Lipids

Mitochondria

B
 and F

 from
T

hom
as Lentz

ER

IF

A

B

C

D

E

F



Varying composition of collagen, GAGs and elastic 
fibers generate different mechanical properties.
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Vessels

Organ 
Support

Collagen +++++
Mineral +++++

Collagen +++++Collagen ++
GAGs ++++
Elastic Fibers ++++

Collagen +++
GAGs +
Elastic Fibers + to +++

Collagen +
GAGs +
Elastic Fibers + 
Cells +++

A composição do tecido conjuntivo determina a sua
resistência mecânica



Componentes básicos do tecido conjuntivo

Tipo celular Matriz extracelular

Fibras
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Colágeno e 
Elastina

GAGs

Propriedades mecânicas são controladas pela 
composição

Resistência a 
forças de tensão
e estiramento

Resistência a 
compressão



GAGs: longas cadeias de dissacarídeos

Glycosaminoglycans (GAGs) in connective tissue resist compression 
by retaining water.

Tissue must not only accommodate tensile or pulling forces but they must also resist compression. The primary component in connective tissue that responds 
to compression are a family of molecules called glycosaminoglycans.  GAGs resist compression by occupying a large volume and retaining water, similar to a 
plastic bottle filled with water.  An air filled bottle collapses under applied force because the force expels the air from the bottle.  In contrast, a bottle filled 
with water that is sealed so that it retains water, resists compression from an outside force. Several components generate the ability to retain water and resist 
compression and they have in common a large amount of glycosaminoglycans.
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O homem produz pelo menos 24 tipos distintos de integrinas, que reconhe-
cem diferentes estruturas extracelulares e possuem distintas funções dependen-
do do tipo de células onde são encontradas. Por exemplo, as integrinas auxiliam 
na migração dos leucócitos para fora dos vasos sanguíneos em direção ao local 
de infecção para combater os micro-organismos. Indivíduos que não possuem 
este tipo de integrina desenvolvem uma doença denominada deficiência na ade-
são de leucócitos e sofrem de repetidas infecções bacterianas. Uma forma dife-
rente de integrina é encontrada nas plaquetas. Indivíduos que não possuem essa 
integrina sangram excessivamente, porque suas plaquetas não podem ligar-se 
aos fatores de coagulação necessários na matriz extracelular.

Géis de polissacarídeos e proteínas preenchem os espaços e 
resistem à compressão
Enquanto o colágeno confere força elástica para resistir à tensão, um grupo 
completamente diferente de macromoléculas na matriz extracelular dos tecidos 
animais fornece a função complementar, resistindo à compressão e preenchen-
do o espaço. Esses são os proteoglicanos, proteínas extracelulares ligadas a 
uma classe especial de polissacarídeos complexos negativamente carregados, os 
glicosaminoglicanos (GAGs) (Figura 20-16). Os proteoglicanos são extrema-
mente diversos em tamanho, forma e química. Tipicamente, muitas cadeias GAG 
são ligadas a uma única proteína central, a qual pode, por sua vez, estar ligada 
pela outra extremidade a outro GAG, criando uma enorme macromolécula se-
melhante a uma escova de garrafas, com peso molecular de milhões de dáltons 
(Figura 20-17).

Nos tecidos conectivos densos e compactos, como os tendões e os ossos, 
a proporção de GAG é pequena, e a matriz é composta quase que exclusiva-
mente de colágeno (ou, no caso dos ossos, de colágeno e cristais de fosfato 
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Figura 20-15 Uma molécula de integrina 
passa para uma conformação ativa quando 
uma molécula se liga a uma de suas extremi-
dades. (A) A molécula de integrina consiste 
em duas subunidades diferentes, α e β, e pode 
mudar de uma forma dobrada inativa para uma 
forma estendida e ativa. A mudança para o es-
tado ativado pode ser deflagrada por meio da 
ligação a uma molécula da matriz extracelular 
(como a fibronectina) ou a proteínas intracelula-
res que a ligam ao citoesqueleto. De qualquer 
modo, as mudanças conformacionais alteram 
as moléculas de modo que sua extremidade 
oposta forma rapidamente uma ligação equi-
librada à estrutura adequada. Dessa maneira, 
a integrina cria uma ligação mecânica que 
atravessa a membrana. (B) Micrografia eletrô-
nica de uma única molécula de integrina, mos-
trando como ocorre a mudança de forma em 
resposta a um pequeno peptídeo que mime-
tiza um ligante extracelular ao qual a integrina 
se liga (o peptídeo é muito pequeno para ser 
visível). (A, com base em T. Xiao et al., Natu-
re 432:59-67, 2004. Com permissão de Mac-
millan Publishers Ltd.; B, de J. Takagi et al., Cell 
110:599-611, 2002. Com permissão de Elsevier.)

Figura 20-16 Os glicosaminoglicanos 
(GAGs) auxiliam a preencher o espaço da 
matriz extracelular do tecido conectivo. O 
hialuronano, um GAG relativamente simples, 
consiste em uma única cadeia longa de até 
25.000 unidades de dissacarídeos repetidas, 
cada uma portando uma carga negativa. 
Como nos outros GAGs, um dos monômeros 
de açúcar em cada unidade de dissacarídeo é 
um amino-açúcar. Muitos GAGs possuem gru-
pos laterais negativamente carregados, princi-
palmente os grupos sulfatados.

-Monossacarídeos de carga
negativa: atraem altas
concentrações de Na+

-Atração de H20 por osmose

-Exemplo:
Ácido Hialurônico



Proteogliganas: polipeptídeo + GAGs514 SECTION VIII n Cellular Adhesion and the Extracellular Matrix

FIGURE 29.13 SCALE DRAWINGS OF A VARIETY OF PROTEOGLYCANS. Core proteins are purple except for the red leucine-rich repeats 
of decorin and the glycosaminoglycans are color-coded. Proteins were named according to the following: aggrecan aggregates along hyaluronan; 
decorin decorates collagen !brils; perlecan resembles a string of pearls; serglycin has 24 Ser-Gly repeats; syndecan (syndein = link) links cells to 
the matrix; glypican has a glycosylphosphatidylinositol (GPI) membrane anchor. CS, chondroitin sulfate; DS, dermatan sulfate; Hep, heparin; HS, 
heparan sulfate; KS, keratan sulfate. (Modi!ed from Wright TN, Heinegard DK, Hascall VC. Proteoglycans, structure and function. In Hay ED, ed. 
Cell Biology of the Extracellular Matrix, 2nd ed. New York: Plenum Press; 1991:45–78.)
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hydrated molecule of 25,000 kD has a diameter of 
200 nm, larger than a synaptic vesicle. Retention of 
water by hyaluronan and aggrecan-keratan sulfate/
chondroitin sulfate proteoglycan is essential for the 
mechanical properties of cartilage (see Fig. 32.3). In the 
extracellular matrix of other tissues, networks of densely 
charged hyaluronan restrict water flow, limit diffusion of 
solutes (especially macromolecules), and impede the 
passage of microorganisms. Hyaluronan and proteogly-
cans also act as lubricants in joint cavities and as an 
optically transparent, space-filling medium in the vitre-
ous body of the eye. Exceptionally high concentrations 
of hyaluronan in the tissues of subterranean naked mole 
rats seem to protect them from cancer and give them 
life spans much longer than any other rodent. The mech-
anism is not known.

Beyond these mechanical functions, proteoglycans 
influence cellular behavior such as adhesion or motility. 
Transmembrane proteoglycans can link cells to fibronec-
tin and connective tissue collagens. Syndecan provides 
a particularly clear example. Lymphocytes express syn-
decan twice: early in their maturation, when they adhere 
to matrix fibers in the bone marrow, and later, when, as 
mature plasma cells, they adhere to the matrix of lymph 
nodes. In between, syndecan expression is lower while 
the lymphocytes circulate in the blood.

Carefully regulated expression allows proteoglycans 
to influence embryonic development and wound healing 
in at least three different ways. First, both decorin  
and fibromodulin regulate assembly of collagen fibrils. 
Second, many polypeptide growth factors (including 
platelet-derived growth factor and TGFβ) bind to proteo-
glycans in the extracellular matrix. This allows the matrix 
to concentrate circulating growth factors at specific  
locations and to release them locally over time. Third, 
membrane-bound proteoglycans, including syndecan 
and glypican, act as coreceptors for growth factors.

The well-known anticoagulant effects of heparin and 
heparan sulfate are attributable to their ability to bind 
both thrombin (the proteolytic enzyme that converts 
fibrinogen to fibrin) and a thrombin inhibitory protein. 
This promotes interaction of the inhibitor with thrombin 
and inactivates the clotting cascade. A short sequence of 
five modified sugars has the anticoagulant activity.

Adhesive Glycoproteins
In principle, the macromolecules of the extracellular 
matrix and the constituent cells might interact relatively 
nonspecifically, but the evidence suggests that specific 
molecular interactions mediate most of the interactions 
that organize the matrix and the associated cells. Most 

GAGs e proteogliganas são abundantes em
tecido conjuntivo frouxo e cartilaginoso



O colágeno é formado por três cadeias polipeptídicas em
arranjo helicoidal   

• Cadeia polipeptídica

(Gly-X-Y)
• Rica em prolina e 

lisina
• Associação de três

cadeias dá origem a 

molécula de pró-
colágeno

Figure 19-62 Molecular Biology of the Cell (© Garland Science 2008)



Fibras do tecido conjuntivo: colágeno
Collagens are a large family of proteins that form 
fibers or networks.

Type Structure Tissue Distribution
I Fibril Bone, ligament, skin, tendon, artery walls, 

cornea

II Fibril Cartilage

III Fibril Reticular fibers

IV Sheetlike network Basement membrane

Collagen is the most abundant class of proteins and pound for pound some are as strong as steel. There are several di!erent types of collagens and their 
locations within the body varies. Most collagens, about 80-90% of total collagen, form fibers that provide the most mechanical strength. Aggregation and 
lateral interactions between the individual fibers increase the mechanical strength. Type IV collagen forms a sheet-like network instead of fibers.  This 
collagen is an important component of the basal lamina that underlies epithelia and muscle cells. The di!erent types of collagens are usually found in 
di!erent tissues and organs. For example, type I collagen is the strongest and is found in bone, ligament, skin, tendon, etc. Type II collagen is thinner than 
type I and is found almost exclusively in cartilage. Type III makes up reticular fibers that form a network that helps organize cells within some organs.

Em humanos, existem 27 tipos de colágeno
Colágenos formadores de fibrilas e malhas: 

Collagens are a large family of proteins that form 
fibers or networks.

Fibrillar: type I, type II, type III

Network: type IV

Collagen is the most abundant class of proteins and pound for pound some are as strong as steel. There are several di!erent types of collagens and their 
locations within the body varies. Most collagens, about 80-90% of total collagen, form fibers that provide the most mechanical strength. Aggregation and 
lateral interactions between the individual fibers increase the mechanical strength. Type IV collagen forms a sheet-like network instead of fibers.  This 
collagen is an important component of the basal lamina that underlies epithelia and muscle cells. The di!erent types of collagens are usually found in 
di!erent tissues and organs. For example, type I collagen is the strongest and is found in bone, ligament, skin, tendon, etc. Type II collagen is thinner than 
type I and is found almost exclusively in cartilage. Type III makes up reticular fibers that form a network that helps organize cells within some organs.



Os fibroblastos sintetizam, secretam e 
modificam o colágeno

h"p://medcell.med.yale.edu
fibroblastofibras colágenas

http://medcell.med.yale.edu/


Fibroblasts synthesize and secrete collagen via 
constitutive pathway.

There are a number of important steps in the synthesis of collagen inside fibroblasts that allow for its final assembly into collagen fibers. Collagen is 
synthesize on ER-bound ribosomes and crosses the ER membrane during translation similar to other secreted proteins. In the ER two important modifications 
take place.  First, certain prolines and lysines are hydroxylated. These modifications will allow for assembly into trimers and covalent crosslinks between 
collagen trimers outside the cell. Second, disulfide bonds between collagen polypeptides mediates their assembly into trimers by facilitating interaction 
between correct collagen proteins. One other feature of intracellular collagen is that it contains extra sequence at its N and C-termini called prodomains. These 
prevent collagen trimers from assembling into fibrils inside the cell which would be catastrophic for the cell. 
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colágeno



A remoção dos prodomínios permite a organização em
fibrilas e fibras

Figure 19-62 Molecular Biology of the Cell (© Garland Science 2008)

Schwarcz et al. Ultrastructure of Bone and Resulting Mechanical Properties

FIGURE 1 | Model of hierarchical structure of collagen fibrils. Three helical (two α1, one α2) collagen molecules form a triple helix 300 nm long; these are assembled

into a fibril containing a staggered array of helices with 40 nm gap between C and N termini of collinear helices. Gaps are aligned across width of collagen fibrils.

Alongside each 40 nm wide “gap zone” (white) is a zone 27 nm wide in which no gaps exist (from Canelón and Wallace [13])

bone. Many previous TEM studies using microtome-cut sections
of bone concluded that much of the mineral in bone resided in
the gap zone between collinear triple helices of collagen (e.g.,
[27–31]). While there is a wide consensus that a large part of
the mineral of bone must also lie outside the fibrils ([32–45]),
the detailed structure of this extrabrillar component was poorly
known before the use of ion milling for preparation of TEM
samples.

Recently, researchers began to use ion milling techniques to
prepare sections of bone and teeth for TEM studies [11, 42, 46,
47]. In these techniques, bone is gently eroded by bombardment
with ions. In focused ion beam milling, Ga+ ions excavate a
thin slice out of a polished surface. In ion milling, a pre-thinned
disc of bone is slowly rotated in vacuum under two beams of
Ar+ ions striking above and below the disc at low angles, until
a hole appears. The edges of this hole are thin enough for use
in TEM. Because no stress is applied to the sample in either of
these methods, internal structures are not distorted or broken.
By cooling the sample during milling, organic materials can
be protected from damage, although some selective erosion of
collagen has been observed.

Overall Structure of Bone
Orientation of Sections
Most bone is highly anisotropic. In preparing sections for TEM
analysis it is important to select the orientation of the plane of
the section in relation to the known anisotropy of the sample.
In the analysis of long bones, which have been the subject of

many TEM studies, sections cut perpendicular and parallel to
the long axis of the bone yield fundamentally different views
which provide complementary information about the overall 3D
nanostructure of bone. Fibrils in long bones tend to be oriented
at low angles with respect to the long axis of the bone. Cutting
sections parallel or perpendicular to that long axis allow us to
select either cross-sectional or longitudinal views of collagen
fibrils and their associated minerals. Tomographic TEM analysis
of sections [48], as well as use of a tilting stage in the microscope,
allow us to make a link between the two sets of views.

Longitudinal Views
In all bright-field TEM images, areas of higher average mass
appear darker due to stronger electron scattering. In bone, these
represent areas where Ca and P are more abundant, either as
mineral or as amorphous calcium phosphate. A typical section of
a long bone of a mammal cut approximately parallel to the fibril
axes is shown in Figure 2. Sections of bones of mammals ranging
in size frommice to elephants look essentially similar to this view
with very small differences in the scale of the component features.

The collagen fibrils are detectable through the presence of
darker bands 40 nm in width and spaced every 67 nm which
represent the gap zones. Note that the gap zones are in registry
between adjacent fibrils over hundreds of nm. Oriented parallel
to the fibrils are dark, highly mineralized features which extend
for many hundreds of nm, although the precise termination of
any such single feature is difficult to resolve. We have shown
[11] that these are edge-on views of plates composed of apatite.

Frontiers in Physics | www.frontiersin.org 3 September 2017 | Volume 5 | Article 39



Lysyl oxidase crosslinks collagen trimers in fibrils.

Covalent crosslinks between lysines and hydroxlysines are formed to generate a much stronger fibril. Lysyl oxidase catalyzes reaction. Mutations that a!ect 
hydroxylation of lysines generate weaker collagen.

Importância das hidroxilações de lisina = 

substrato para ligações cruzadas
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of sections [48], as well as use of a tilting stage in the microscope,
allow us to make a link between the two sets of views.
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mineral or as amorphous calcium phosphate. A typical section of
a long bone of a mammal cut approximately parallel to the fibril
axes is shown in Figure 2. Sections of bones of mammals ranging
in size frommice to elephants look essentially similar to this view
with very small differences in the scale of the component features.

The collagen fibrils are detectable through the presence of
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between adjacent fibrils over hundreds of nm. Oriented parallel
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for many hundreds of nm, although the precise termination of
any such single feature is difficult to resolve. We have shown
[11] that these are edge-on views of plates composed of apatite.
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Lisil oxidases: ligações cruzadas entre microfibrilas e 
fibrilas



Vitamina C – essencial para a formação do 
colágeno

A 40 year old, homeless man arrives at the 
Neighborhood Health Project in New Haven.

Proline hydroxylase
Lysyl hydroxylase

Vitamin C

The proper assembly of collagen is dependent upon two enzymes that act immediately after collagen is synthesized in the ER. Proline and lysyl hydroxylases convert proline 
and lysine into hydroxylated versions. These hydroxyl groups will later be used to crosslink trimers in collagen fibrils. Both enzymes require vitamin C as a cofactor and people 
who don’t consume enough vitamin C will produce collagen that lacks hydroxylated lysines and prolines. Because these trimers cannot be crosslinked, the collagen fibrils will 
be weaker leading to tissues that are more prone to damage.

Vitamina C é cofator para enzimas de hidroxilação



Escorbuto – vitamina C – colágeno





Fibras do tecido conjuntivo: fibras elásticas

• Tecido cartilaginoso
elástico

• Parede de artérias
• Derme
• Tendões e ligamentos
• Orgãos ocos

(Traquéia e pulmão) 

• Exige coloração
especial para 
distinção (Weigert) 

Elastic fibers allow tissues to stretch and recoil.

Next, we will examine elastic fibers that are often found enmeshed with collagen fibers as shown in this cross section of an artery. The elastic fibers stain 
dark blue whereas the collagen stains light blue. Elastic fibers have di!erent mechanical properties from collagen. They allow for stretching of tissues under 
external force, but generate a recoil force when the external force is removed. Elastic fibers are prominent in the walls of arteries especially the aorta.  The 
elastic fibers stretch to allow the aorta to accommodate a large volume of blood during systole. When the pressure drops during diastole, the fibers recoil 
pushing blood into the circulatory system. Because of elastic fibers a constant blood pressure is maintained throughout the circulatory system, even though 
the pumping of the heart delivers blood in a pulsatile fashion. 



Abrahamsohn, 1st ed.

h"p://medcell.med.yale.edu

Feixes de elastina e fibrilina são os componentes
básicos das fibras elásticas

• Moléculas de elastina possuem arranjo
desorganizado

• Moléculas de fibrilina são organizadas
em microfibrilas

http://medcell.med.yale.edu/


Estiramento Relaxamento

Elastina confere a propriedade básica das fibras
elásticas

Figure 19-71 Molecular Biology of the Cell (© Garland Science 2008)



Glicoproteínas da MEC – função adesiva

EXEMPLO: Fibronectina

• Medeia a interação
entre integrinas da 
membrana plasmática e 
fibras colágenas da MEC

Fundamentos da Biologia Celular  697

As integrinas desempenham essas funções sofrendo mudanças conforma-
cionais. A ligação a uma molécula em um lado da membrana faz com que a mo-
lécula de integrina passe a um estado estendido e ativado, de modo que possa 
prender outra molécula do lado oposto, um efeito que atua nas duas direções 
através da membrana (Figura 20-15).

Essas mudanças conformacionais nas integrinas são usadas para transmitir 
sinais químicos e mecânicos através da membrana celular. Uma molécula intrace-
lular pode ativar a integrina dentro da célula, fazendo com que ela possa atingir e 
prender uma estrutura extracelular. A ligação a uma estrutura externa pode ativar 
uma cascata de sinalização intracelular por meio das proteína-cinases que se 
associam à extremidade intracelular da molécula de integrina. Dessa maneira, as 
ligações externas realizadas pelas células auxiliam a regular se elas irão morrer 
ou sobreviver e, se sobreviver, se irão crescer, dividir ou diferenciar.

Figura 20-13 Os fibroblastos influenciam o 
alinhamento das fibras colágenas. Essa micro-
grafia mostra a região entre dois pedaços do 
coração de um embrião de galinha (rico em 
fibroblasto, bem como as células do músculo 
cardíaco) cultivados em gel de colágeno por 
quatro dias. Uma densa região de fibras alinha-
das de colágenos formadas entre os explantes, 
provavelmente porque os fibroblastos dos ex-
plantes puxam o colágeno. Nos outros locais 
da placa de cultura, o colágeno permanece 
desorganizado e desalinhado com aparência 
cinza uniforme. (De D. Stopak e A. K. Harris, 
Dev. Biol. 90:383-398, 1982. Com permissão de 
Elsevier.)
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Figura 20-14 As moléculas de integrina e fibronectina ligam a célula à matriz extracelular. As moléculas de fibronectina do lado externo da 
célula se ligam às fibrilas de colágeno. As integrinas da membrana celular ligam as fibronectinas, prendendo-as ao citoesqueleto, no interior 
da célula. (A) Diagrama e (B) micrografia eletrônica de uma molécula de fibronectina. (C) Ligação transmembrana mediada por uma molécula 
de integrina (dímero azul e verde). A molécula de integrina transmite tensão através da membrana plasmática. Ela está ancorada internamente 
ao citoesqueleto e, externamente, através da fibronectina, à matriz extracelular. A membrana plasmática não tem de ser forte. A integrina, aqui 
apresentada, liga a fibronectina a um filamento de actina no interior da célula, mas outras integrinas conectam diferentes proteínas extracelulares 
ao citoesqueleto (normalmente aos filamentos de actina, mas algumas vezes aos filamentos intermediários). (B, de J. Engel et al., J. Mol. Biol. 
150:97-120, 1981. Com permissão de Elsevier.)

• Integrinas podem ancorar em:

1) fibronectina
2) laminina –membrana basal 



A composição do tecido conjuntivo determina a sua
resistência mecânica

Varying composition of collagen, GAGs and elastic 
fibers generate different mechanical properties.

BoneTendonCartilageBlood 
Vessels

Organ 
Support

Collagen +++++
Mineral +++++

Collagen +++++Collagen ++
GAGs ++++
Elastic Fibers ++++

Collagen +++
GAGs +
Elastic Fibers + to +++

Collagen +
GAGs +
Elastic Fibers + 
Cells +++



Classificação dos tecidos conjuntivos

- Tecidos conjuntivo embrionário
- Tecido conjuntivo mesenquimal
- Tecido conjuntivo mucoso

- Tecidos conjuntivo propriamente dito
- Tecido conjuntivo frouxo (células > fibras colágenas)
- Tecido conjuntivo denso (células < fibras colágenas)
- Tecido conjuntivo reticular 

- Tecidos conjuntivos de propriedades especiais
- Tecido adiposo
- Tecido cartilaginoso
- Tecido ósseo
- Tecido hematopoiético



Tecido conjuntivo mesenquimal

EMBRIÃO:	MESÊNQUIMA	

Células	Fusiformes	(células	mesenquimatosas)	

Substância	Fundamental	
Viscosa:	Fibras	Delgadas	
(Colágenas	e	Reticulares)	

Originam	células	que	irão	se	diferenciar		em	vários	tipos	celulares.	

- Células mesenquimais
- Substância fundamental viscosa + fibras reticulares
- Ausência de colágeno

Citoplasma
reduzido, núcleo
alongado, 
cromatina
descondensada

Célula mesenquimal:



O tecido conjuntivo tem origem no mesênquima
Célula mesenquimal:
- Diferenciação durante o desenvolvimento uterino
- Persistência como células-tronco

Gartner & Hiatt, 3rd ed.- A célula mesenquimal tb origina o músculo liso



A organização e densidade das fibras colágenas do tipo I 
confere resistência à tensão ao tecido conjuntivo

propriamente dito

The density and organization of fibers determines the strength of 
connective tissue.

Dense Regular Dense Irregular Loose

One way that connective tissue varies in mechanical strength is by the density and organization of its collagen fibers. Tendon contains a high ratio of collagen 
to number of cells and the collagen fibers are arranged in parallel arrays along the lines of tension. This provides maximal resistance to external forces. The 
dermis of skin contains a large amount of collagen fibers that are less organized and oriented in multiple directions.  This allows skin to resist tension in 
di!erent directions but sacrifices its overall mechanical strength.  Connective tissue in organs contains much less collagen and is more cellular. Organs, such 
as the small intestine, are structurally weaker than tendon because they require connective tissue to provide metabolic and immune support so the connective 
tissue must contain blood vessels, macrophages, lymphocytes.  These cells are absent in tendon allowing it to pack in more fibers and their presence in the 
connective tissue of most organs means fewer fibers.



Tecido conjuntivo frouxo
- Mucosas e submucosas
- Rico em fibras colágenas e elásticasFIBRAS	ELÁSTICAS	

Fibras	Elásticas	

Fibras	Colágenas	

Núcleos:		
Fibroblastos	– fusiformes	
Mastócitos	– núcleos	ovóides	com	grânulos	no	citoplasma	(coloração	especial)	
Células	inflamatórias	– redondos	pequenos	(linfócitos),	“mickey	mouse”	(neutrófilos),	
reniforme	grandes	(macrófago)	
		

Fibras de colágeno coram bem com 
corantes ácidos: eosina, usada na
coloração H&E (em rosa), sirius
red (vermelho), azul de anilina (azul)



Tecido conjuntivo denso não-modelado

- Não-modelado: derme, camada
submucosa

- Fibras colágenas
desorganizadas

- Presença de fibras elásticas

- Fi: Fibrócito
- Fb: Fibroblasto
- C: Fibra colágena Abrahamsohn, 1st ed.



TECIDO	CONJUNTIVO	PROPRIAMENTE	
DITO	

Tecido	Conjuntivo	Denso	Não	Modelado	

Tecido	Conjuntivo	Frouxo	

Epitélio	Pavimentoso	Estratificado	Queratinizado	

Artefato!	

Tecido conjuntivo propriamente dito



Tecido conjuntivo propriamente dito

Células
basais

Epitélio estratificado
pavimentoso não-
queratinizado

Vagina(HE 10x)

Conjuntivo
frouxo
(lâmina
propria)

Membrana
basal

Conjuntivo
denso
não-
modelado



- Modelado: tendões, ligamentos, córnea
- Feixes paralelos de colágeno

Tecido conjuntivo denso modelado
TECIDO	CONJUNTIVO	DENSO	

MODELADO	

Tendinócito	(fibroblastos	do	tendão)	



Tecido conjuntivo denso modelado

- FC (fibras de colágeno)
- N: núcleo de fibroblasto

- Colágeno: coloração rosada em HE

Abrahamsohn, 1st ed.



Tecido conjuntivo reticular 
- Estroma de órgãos linfóides (baço, LN); medula óssea
- Fibras reticulares (colágeno tipo III): redes tridimensionais

Fibras argirófilas: requerem técnicas especias para coloração (como reação de PAS)

Fibras	Reticulares	

Baço	

Feixes	de	Fibras	Colágenas	



Células residentes e transientes do tecido
conjuntivo

Células do Tecido Conjuntivo 

Células residentes: 

- Fibroblastos 

- Macrófagos 

- Mastócitos 

- Plasmócitos  

- Células adiposas 

Células transitórias: 

Leucócitos: 

- Neutófilos 

- Eosinófilos  

- Monócitos 

- Basófilos 

-  Linfócitos (inflamação) 
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C H A P T E R 

Cells of the Extracellular Matrix  
and Immune System
A remarkable variety of specialized cells populate the 
connective tissues of animals. These cells manufacture 
extracellular matrix, defend against infection, and main-
tain energy stores in the form of lipid (Fig. 28.1). Some 
of these cells arise in connective tissue and remain there. 
These indigenous cells are specialized: Fibroblasts 
make the collagen, elastic fibers, and proteoglycans of 
the extracellular matrix; fat cells store lipids; chondro-
cytes secrete the matrix for cartilage; and osteoblasts 
manufacture the calcified matrix of bone. The remaining 
cells arise elsewhere, travel through blood and lymph, 
and enter connective tissue as needed, so they are known 
as immigrant cells. These visitors are part of the 
immune system, which defends against pathogens. This 
chapter introduces all these cells.

Indigenous Connective Tissue Cells
Mesenchymal Stem Cells
During embryogenesis the indigenous cells of connective 
tissues (fibroblasts, fat cells, chondrocytes, and osteoblasts) 

derive from multipotential mesenchymal stem cells (see 
Box 41.2 and Fig. 28.1). In adults, small numbers of these 
inconspicuous precursor cells associate with small blood 
vessels but are difficult to identify by light microscopy. By 
electron microscopy (Fig. 28.2), mesenchymal cells resem-
ble fibroblasts but with fewer organelles of the secretory 
pathway. The nature of the mesenchymal stem cells in 
adult tissues is still being investigated.

Fibroblasts
Fibroblasts are the connective tissue workhorses, synthe-
sizing and secreting most macromolecules of the extra-
cellular matrix (Fig. 28.2). Chapter 29 considers the 
synthesis of these matrix molecules in detail. As appro-
priate for a secretory cell, mature fibroblasts have abun-
dant rough endoplasmic reticulum and a large Golgi 
apparatus. They are generally spindle-shaped, with a flat-
tened, oval nucleus, but can assume many other shapes 
depending on the mechanical forces in the surrounding 
matrix. The migratory patterns of the fibroblasts deter-
mine the patterns of collagen fibrils in tissues.

28 

FIGURE 28.1 CONNECTIVE TISSUE CELLS. A, Indigenous connective tissue cells all originate from a stem cell called a primitive mesen-
chymal cell. B, Connective tissue near a small blood vessel showing indigenous cells in pink and immigrant cells in green. 
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Mastócitos

- Origem: células-tronco
hematopoiéticas da medula óssea

- Diferenciação no conjuntivo
- Reação alérgica

- Grânulos:
Histamina
Heparina
Serina proteases
Carboxipeptidases
Fatores quimiotáticos
… 

- Degranulação: ativação do 
receptor de IgE

Figure 13-68 Molecular Biology of the Cell (© Garland Science 2008)



Mástócito: metacromasia

As células granulosas observadas na figura são mastócitos (setas pretas) do 
mesentério. Os filamentos delgados (setas azuis) são fibras elásticas. Seta 
vermelha aponta uma fibra de colágeno (Weigert. Microscopia óptica. Aumento
médio.)

Abrahamsohn, 1st ed.



Tecido conjuntivo adiposo
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to synthesize ATP. Beige fat cells also run a futile cycle 
of creatine phosphorylation and dephosphorylation  
to produce heat. Thermogenesis may be an “energy 
buffer” that, when defective in animals, can contribute 
to obesity. Therefore, stimulating thermogenesis is one 
goal in the treatment of obesity.

Brown fat cells express thermogenic proteins consti-
tutively, whereas β-adrenergic stimulation drives expres-
sion of these proteins in beige fat cells. The thermogenic 
fat cells have different precursors. Brown fat cells arise 
from the same mesenchymal stem cells as skeletal 
muscle, while beige fat cells are more closely related to 
white fat cells.

Origin and Development of Blood Cells
The blood of vertebrates contains a variety of cells, each 
with a specialized function (Fig. 28.4 and Table 28.1). 
Red blood cells transport oxygen, platelets repair damage 
to blood vessels, and various types of white blood  
cells defend against infections. All blood cells derive 
ultimately from pluripotent stem cells (Fig. 28.4B; also 
see Box 41.2). These hematopoietic stem cells can 
restore the production of all blood cells in mice that have 
been irradiated to destroy their own blood cell precur-
sors or after transplantation of human bone marrow. 
Destruction of stem cells (eg, by drugs such as 

or (in lean rodents) excess food intake. Fat is stored in 
multiple, small droplets (Fig. 28.3F). Brown fat is less 
abundant than white fat, being concentrated in connec-
tive tissue between the scapulae in mammals. Newborn 
humans have more brown fat than do adults in order  
to generate heat during the adjustment to a new envi-
ronment after birth. Hibernating animals use brown  
fat to raise their temperatures when emerging from 
hibernation. Beige fat cells are found among white  
fat cells and increase in numbers when a mouse is 
exposed to cold. A fourth type of fat cell is found in  
bone marrow.

Both brown and beige fat cells generate heat by  
short-circuiting the proton gradient that is usually used 
to generate adenosine triphosphate (ATP) in mito-
chondria (see Fig. 19.5). Sympathetic nerves acting 
through β-adrenergic receptors (see Fig. 27.3) and 
protein kinase A stimulate brown fat cells to break down 
lipids to provide fatty acids for oxidation by mito-
chondria. β-Adrenergic receptors also drive expression 
of “uncoupling protein,” a carrier in the inner mitochon-
drial membrane similar in structure to the mitochondrial 
ATP/adenosine diphosphate (ADP) antiporter (see Fig. 
15.4A). Uncoupling protein-1 dissipates the proton elec-
trochemical gradient across the inner mitochondrial 
membrane (perhaps acting as a fatty acid/proton sym-
porter), so energy is lost as heat rather than being used 

FIGURE 28.3 FAT CELLS. A, Light micrograph of a section of white adipose (fat) cells stained with hematoxylin and eosin. B, Drawing of a 
white adipose cell. C, Transmission electron micrograph of a thin section of the edge of a lipid droplet showing the circumferential sheath of 
vimentin intermediate !laments (IF [see Chapter 35]). D, Interpretive drawing of a lipid droplet with its associated !laments and endoplasmic 
reticulum (ER). E, Light micrograph of a section of brown fat. F, Drawing of a brown fat cell. (A, C, and E, Courtesy D.W. Fawcett, Harvard Medical 
School, Boston, MA. B and F, Modi!ed from T. Lentz, Yale Medical School, New Haven, CT. D, Modi!ed from Werner Franke, University of 
Heidelberg, Germany.)
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through β-adrenergic receptors (see Fig. 27.3) and 
protein kinase A stimulate brown fat cells to break down 
lipids to provide fatty acids for oxidation by mito-
chondria. β-Adrenergic receptors also drive expression 
of “uncoupling protein,” a carrier in the inner mitochon-
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ATP/adenosine diphosphate (ADP) antiporter (see Fig. 
15.4A). Uncoupling protein-1 dissipates the proton elec-
trochemical gradient across the inner mitochondrial 
membrane (perhaps acting as a fatty acid/proton sym-
porter), so energy is lost as heat rather than being used 

FIGURE 28.3 FAT CELLS. A, Light micrograph of a section of white adipose (fat) cells stained with hematoxylin and eosin. B, Drawing of a 
white adipose cell. C, Transmission electron micrograph of a thin section of the edge of a lipid droplet showing the circumferential sheath of 
vimentin intermediate !laments (IF [see Chapter 35]). D, Interpretive drawing of a lipid droplet with its associated !laments and endoplasmic 
reticulum (ER). E, Light micrograph of a section of brown fat. F, Drawing of a brown fat cell. (A, C, and E, Courtesy D.W. Fawcett, Harvard Medical 
School, Boston, MA. B and F, Modi!ed from T. Lentz, Yale Medical School, New Haven, CT. D, Modi!ed from Werner Franke, University of 
Heidelberg, Germany.)
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Adipócito branco: 
Triglicerídios em única gota lipídica
Armazenamento de energia

Adipócito marrom: 
Triglicerídios em várias gotículas
lipídicas
Termogênese: metabolismo de 
triglicerídeos é desacoplado
da produção de ATP



Tecido adiposo

Adipócitos possuem núcleo ecêntrico

Tecido adipose branco: Unilocular Tecido adiposo marrom: Multilocular

h"p://medcell.med.yale.edu

http://medcell.med.yale.edu

http://medcell.med.yale.edu/
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Conceitos fundamentais

• Presente em todos os orgãos:resistência, suporte, reserva
energética e de metabólitos, defesa e reparo tecidual 

• As propriedades mecânicas do tecido conjuntivo são determinadas
pela quantidade e arranjo dos componentes da MEC  (fibras e 
GAGs)

• Colágeno e Fibras elásticas: resistência a tensão e distorção

• GAGs: resistência a compressão

• O tecido conjuntivo pode ser classificado em embrionário, 
propriamente dito, e tecidos especializados

• Além das células residentes, células transientes migram pelo tecido
conjuntivo, o que é importante para a sua função de defesa e 
reparo



Material de apoio

-Histologia Básica – Texto e Atlas, 
Junqueira & Carneiro, 13a ed. 
Capítulos 5-6

-Histologia – Paulo Abrahamsohn –
1a ed. Capítulo 6


